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I. INTRODUCTION, CREDITS, CONSULTANTS

This review is an updating through December 1979 of
our previous review of particle properties [Particle
Data Group (1978)]. As in previous editions we have
attempted to make the text as complete and self-con-
tained as possible.

As usual, the results of our compilation are pre-
sented in two sections, the Tables of Particle Proper-
ties and the Data Card Listings. The Tables summa-
rize the properties of only those particles whose ex-
istence is in our judgment experimentally well founded
and which have a large probability of standing the test
of time. This is a conservative judgment, and surely
some genuine resonances are omitted, awaiting con-
firmation (see section V below).

The Data Card Listings give up-to-date information,
with references, on all reported particles, whether
considered well established or not. The Listings also
contain mini-reviews on questions of interest.

A history of the Particle Data Group, with a discus-
sion of procedures and problems, has been given by
Rosenfeld (1975) and a short survey of the history of
some of the constants we compile can be found in Ap-
pendix IV.

We have maintained in this review the statistical
procedure introduced in 1976, i.e., we give simul-
taneously in the Listings the old (labeled “AVG”) and
new (labeled “STUDENT”) average values and errors.
Details may be found in Sec. VII.

A pocket-sized Particle Properties Data Booklet,
containing the Tables and a reprint of the figures and
formulae from the first part of the review, is available
on request. For North and South America, Australia,
and the Far East, write to Technical Information De-
partment, Lawrence Berkeley Laboratory, Berkeley,
CA 94720, USA. For all other areas, write to CERN
Scientific Information Service, CH-1211 Geneva 23,
Switzerland.

As usual, we wish to emphasize that we compile the
experimental results of others. It is inappropriate to
give us the credit for their countless hours of effort.
We urge that references be given directly to the origi-
nal data, and we provide complete references in the
Data Card Listings for that purpose.

The responsibilities for the various sections can be
broken down as follows:

(1) Stadble particles: N. Barash-Schmidt, C. P. Horne,
M. J. Losty, T. Shimada, and T. G. Trippe.

(2) Meson vesonances: C. Dionisi, M. J. Losty,
M. Mazzucato, L. Montanet, and M. Roos.

(3) Baryon vesonances: C. Bricman. R. L. Crawford,
C. P. Horne, R. L. Kelly, M. J. Losty, and C. G. Wohl.

(4) General, including text: All authors.

Consultants: To overcome unavoidable gaps in our
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coverage, both intellectual and geographical, we have
solicited the help of consultants:

U. Amaldi (CERN),

W. B. Atwood (SLAC),

A. Barbaro-Galtieri (Lawrence Berkeley Laboratory),
V. E. Barnes (Purdue University),

R. Cahn (LBL),

M. S. Chanowitz (LBL),

J. Engler (DESY),

G. Feldman (SLAC),

F. Foster (University of Lancester),

F. Gilman (SLAC), .

G. Goldhaber (Lawrence Berkeley Laboratory),

R. Hagstrom (Lawrence Berkeley Laboratory),

F. Ménnig (Karlsruhe),

R. G. Moorhouse (University of Glasgow),

O. E. Overseth (University of Michigan),

S. I. Parker (Lawrence Berkeley Laboratory),

M. Perl (SLAC),

R. E. Shriock (SUNY Stony Brook),

K. Shizaya (Lawrence Berkeley Laboratory),

B. N. Taylor (U. S. National Bureau of Standards).
The usefulness of this compilation depends in large
part on the interaction between the users and the au-
thors and consultants. We appreciate comments, crit-
icisms, and suggestions for improvements of all stages
of data retrieval, processing, evaluation, and presen-
tation.

Il. SELECTION OF DATA

® 6 0 0 @ @ ® 2 6 5 9 0 @ O 2 3 0 @ 2 O

All particles are considered to fall into one of the
three groups:

(1) Stable particles, immune to decay via the strong
interaction, including the 1 and the photon and the lep-
tons.

(2) Meson resonances.

(3) Baryon resonances.

The charmed, charmonium, and other new flavor
particles have been merged into these groups.

These groups are maintained within the two main
parts of the compilation:

(1) Tables of Particle Properties.
(2) Data Card Listings.

The Data Card Listings contain the original infor-
mation (data, references, etc.), weighted averages,
comments, and “mini-reviews”. Immediately preced-
ing the Data Card Listings is an illustrative key there-
to. We attempt to give complete Data Card Listings up
to our closing date (January 1, 1980) for all journals
listed in the Illustrative Key. We also include pre-
prints and unpublished conference reports that have
come to our attention, but make no claim to complete-
ness.

Roughly 40% of our encoded results, those set off
in parentheses, are not used for averaging. The
reasoning is then often given in a footnote below the
data. If the reason is not given, it is one of the fol-
lowing:

e The result was presented with no error stated.

® The result comes from a preprint or conference
report. It is our experience that such results (and
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particularly the errors) often change before final pub-
lication. Accordingly we keep these new results in
parentheses until they are published (or explicitly veri-
fied to us by the authors).

e It involves some assumptions that we do not wish
to incorporate.

o It is of poor quality, e.g. bad signal-to-noise ratio.

e It is inconsistent with other results, e.g. because
of different methods employed, rendering averaging
meaningless.

e It is not independent of other results, e.g. it is.a
result from one of several partial-wave analyses all
using the same data, again rendering averaging mean-
ingless.

When the data for a particle have received special
treatment or present special problems, this is noted in
a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the out-
put of weighted averages and some critical judgment.
The extent to which “blind” averaging has been tem-
pered with judgment is explained in footnotes to the
Tables. In general, however, the footnotes are less
complete than is the collection of notes and mini-re-
views in the Data Card Listings. The reader is thus
encouraged to become familiar with the Data Card
Listings and,. ultimately, with the original references.

I1l. NOMENCLATURE
A. Quantum numbers

The symbols I¢(JF)C, represent:
I =isospin,
G =G parity,
J =spin (also s),
P =space parity,
C, =charge-conjugation parity for the neutral member
of the isospin multiplet.
We also use:
B =baryon number,
S =strangeness,
C =charm,
! =orbital angular momentum.

1. Mesons

The charge-conjugation operator C turns particle into
antiparticle and has eigenvalues +1 only for neutral
states; so it is useful to define an operator G which has
eigenvalues for charged states too. This is usually*
defined by

G=Cexp(irl,). 1)

A neutral nonstrange, noncharmed state is an eigen-
state of exp(inl,) with eigenvalue (~1)’. Then we can
write the eigenvalue equation for the whole multiplet
as

G=C,(-1)", @)

where C, (r for neutral) is the eigenvalue C would have
IMost texts define it as in Eq. (1); see e.g. Gasiorowicz

(1966); however, sometimes the rotation is taken about I,.

The difference between the two conventions is mentioned in a
footnote in Kiallen (1964).
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if applied to the neutral member of the multiplet. Thus,
for a 7° C has the eigenvalue +1, and since I=1, G
=-1. For a charged pion, there are no eigenvalues
corresponding to C and to the isospin rotation, but
Eqgs. (1) and (2) still give G=-1.

Consider a meson as a bound state of fermion-anti-
fermion, e.g. quark-antiquark gg, with orbital angular
momentum /, and with the two fermion spins coupling
to give a spin s. Then one can show that the charge-
conjugation eigenvalue [defined as in Eq. (2)] is

C,=(-1)". 3)
Egs. (2) and (3) combine to give

G=(=1)t", (4)
The parity is ’

P=—(-1). (5)
Egs. (3) and (5) combine to give
C,P=-(-1)°, (6)

so all singlets (!S,,'P,,...) have C,P=-1, and all trip-
lets (°S,,...) have C,P=+1. For proofs of the above,
see our 1969 text [Particle Data Group (1969)] and Ap-
pendix by C. Zemach.

If, instead of gq, we consider the meson as a state
of boson—antiboson (e.g. A,—~KK), it turns out that
some signs cancel, and Egs. (3) and (4) (not Eq. (5)!)
apply unchanged. Of course, the mesons are often
spinless, so s is zero, but the equations are more gen-
eral. Egs. (3) and (4) can be considered as selection
rules forbidding many decays.

We now use Egs. (3) and (4) to introduce the concept
of “Abnormal-C,” mesons, i.e. mesons that cannot be
composed of gg. For this, it is sufficient to consider
the SU(3) subgroup of the full unitary group of flavors,
containing the u, d, and s quarks ina{3} representation.

This triplet of quarks is of course defined to have
isospin and hypercharge properties such that gg can
combine (according to the SU(3) relations {3}®{3}
={8}®{1}) so as to form only octets and singlets. The
non-observation of “exotic’” mesons (i.e., mesons in
larger SU(3) representations, or mesons requiring at
least a qgqq structure) is of course a direct conse-
quence of the naive quark model. States coupling di-
rectly to proton-antiproton channels are sometimes
interpreted as “baryonium”, requiring ¢gqg structure,
but this interpretation is model-dependent, and no
manifestly exotic mesons have been found. It is slight-
ly less obvious that even some octets are forbidden by
the model, namely those with (J*)C, = (0*)—, (17)+,
(2*)-,.... Such states are not observed, and this is
an additional success of the naive quark model classi-
fication scheme.

In what follows, do not confuse “Abnormal-C,” with
“Normal” or “Abnormal” J¥, both of which are allowed
by the quark model. The seriesJ*=0%*,17,2%,... is
called Normal because P =(-1)’ as-for normal spher-
ical harmonics, andJ? =07, 1*%,... is called Abnormal.

The top part of Table 1 shows all the low angular
momentum states that can be formed from gg. Note
that half of theJ? states can be formed by both a triplet

and a singlet gq state, e.g. °P,, 'P,, or °D,, 'D,.
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TABLE I.

Orbital excitations of the gq system, and corresponding mesons.
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For the distinction between Abnormal J° and Ab-

normal C,, see text following Eq. (6) in Section IIl. Strange and charmed mesons share the same values of J® as the I=0 and 1
states shown, but are not eigenstates of G. The second column, which gathers together (JP)N or ACnP, isa redundant intermediate
step intended to make the table easier to read. The table repeats itself for each radial excitation.

gq State (JP) cnp Examples of ground state mesons
C,P C,P N Yy 1SuP)e Non-strange, Strange Charmed
. ormal or n Non-charmed Is|=1 [cl=1
- abnormal S=C=0 (I=% (I=%)
, NORMAL-C_ STATES THAT CAN COME FROM ggq MODEL
+, - '
C s, (07) - 07(0 )+ n.n K D(1870)
& 17(07)+ i
- J [ I
3 - 0 (1)- o o
A s, (1 )N+ { AR @0, J/WBL00) e ggoy  pF(2010)
{ \ 1(1)- 0
N -
1 + 0 (1)~
P (1), -
L :\ S { B ..
N 35 (A R ofohy+ €,5%, % (3615)
S 0 N\ 170+ s
= 4+
H 3 + 0'(1)+ D
o P (17),+
o 1 A {1 (1) A Q
+, o+
f,f'
’p, | @Yyt 0tz )+ ’ K" (1430)
N 172 %+ Ay
S AN
o Noe g
________________________ T I 0 N < S
é‘ 3D1 (1-k\ same as 3S1 v(3770)
& -
& 3D2 (27) 5+ 0+(Z_) Regge recurrence of the
\ 17(27)- Abnormal-C = state (JP)Cn= 07)-
3 07(37)- (1670) e
D (3 )t _ w
3 N L('G o . K" (1780)
1 + 0= (31 -
‘ F, (3" ll+<3+):
_____________________________________ A TT T emmemmmmmmmemmemeemeoeooos
; 3 2 (2+)N+ same as 3P2
T 3 + ot 3t +
éj 3 3 N 173N+
3 (4+) " ot (at) + h
l 4 N 17 (4 +
ABNORMAL-C__ STATES THAT CANNOT COME FROM gq MODEL
r 3N . i
(07) .+ 07(07)- )
A +o0-
Abnormal Cn ------—-------—E-QQ-)-_ ------------ All except
+, -
- 0(1 )+
(17)" P_,-
states N 1747+ J 0
+
— + 0 (0')-
Have no qq > (0 )y~ are
N 1*0h-
model (2+) _ 0-(2+)— J” = normal,
N 1+(2 )-
(37w 0+(3-)+ C,P=-1
N -
L J 17(3 )+ J
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Equation (3) shows that *P, and 'P, have opposite C,,

so the 7g model allows both. But the states *P, and °P,
have no 'P counterparts. According to Eq. (6) they have
C,P=+1, and with the gg model there is no way to form
a state with a J” of °P, , (i.e. J® = Normal) and with
C,P=-1. As mentioned, such octets have not shown
up. With the help of Table I one can also see that the
special state 'S,;, C,P=+1, cannot be formed, so has
Abnormal C,.

When, in addition to the [-excitation, there are radial
excitations of the 7g system, Table I repeats itself,
and we need a radial quantum number » for each rep-
etition (z =1 for the ground state). Examples of first
radial excitations, =2, are p’'(1600), #(3685), and
T’(10060).. Examples of further possible radial exci-
tations can be found in the ¥ and T families.

2. General remarks

Well-established quantum numbers are underlined
in the Tables of Particle Properties (except for stable
particles, where most of the quantum numbers are es-
tablished). We have used what evidence is available
(sometimes flimsy) to guess many of the remaining
ones, and we have indicated with “?” ones (in the
Baryon Table) for which there is almost no evidence.

As is customary, we define antiparticles as the re-
sult of operating with CPT on particles, so both share
the same spins, masses, and mean lives. Whenever
there is a particularly interesting test of CPT invari-
ance we include it in the Stable Particles Table.

B. Particle names

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its baryon number B (=0 for mesons), its
isospin /, its strangeness S and charm C, and, for a
non-strange, non-charmed meson, its G parity.

The name conventions for mesons are given in the
first part of Table II.

TABLE II. Particle name conventions.

Name I S C G
Mesons
n 0 0 0 +
w, ¢, P, T? 0 0 0 -
P 1 0 0 +
T 1 0 0 -
K 1/2 +1 0
D 1/2 0 +1
F 0 +1 +1
Baryons
N 1/2 0 0
A 3/2 0 0
Zy, Zy 0,1 +1 0
A 0 =1 0
z 1 -1 0
= 1/2 -2 0
Q (0] -3 0
Ag 0 0 1
Ze 1 0 1

2 We use the symbol w for those I¢=0" mesons which are
mainly wz and dd quark states; ¢ for those which are mainly
ss quark states, ¥ for mainly cc states, and T for mainly b5
(hypothesized) states.
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For somwe pairs of mesons with supposedly identical
quantum numbers, we also use primes; e.g. n,7';f,f’;
p, p’'. Note that primes and subscripts do not carry any
further specific meaning.

For baryons no attempt has been made to attach a
subscript about J and P. The name conventions are
given in the second part of Table II. For stable baryons
of each I and S we use the symbol standing alone; for
resonances, the mass is in parentheses [i.e. N(1688),
A(1405), =(1765), etc.]. The J* assignments are re-
ported in the Baryon Table as 3+, 53—, 2+, etc., and
also by the symbols P,,, D,,, F,,, which refer to the
mp or Kp partial-wave amplitude in which the resonant
state occurs (the first subscript refers to the isospin
state: 2 XI for N and A and just I for Z, A, and Z).
When two or more baryons have identical quantum
numbers we warn the reader by adding primes to the
spectroscopic symbol as explained in footnote (a) of
the Baryon Table.

IV. CONVENTIONS AND PARAMETERS FOR
STRONG INTERACTIONS

A. Partial-wave amplitudes and resonance parameters

The vast majority of information‘concerning baryon
resonances comes in the form of partial-wave analyses.
In addition data concerning meson resonances (w,
Km,mnm) are, with increasing frequency, being sub-
jected to partial-wave analyses. We thus find it natural
to introduce the resonance parameters which we com-
pile in terms of a Breit—Wigner approximation for the
partial-wave amplitude.

In general the elastic amplitude for a given angular
momentum / may be written as

T, = ﬂﬂq)(;_zé)__l_ , 1)
where 7 is the absorption parameter (0 <7n<1) and

6 is the phase shift. The subscripts 11 on 7 denote
scattering from channel 1 to channel 1 (e.g. 77— 77

or KK - KK).

In Fig. 1 we show an Argand plot of the elastic par-
tial wave amplitude 7,,. It illustrates geometrically
how the real parameters 7 and 6 are related to the
real and imaginary parts of T,,. Many examples of
such Argand plots may be found in the Baryon Data
Card Listings.

ImT ImT
1
e=0
28
n/2
y
& n/2
—1 2 +
€=+1
L s L
~% 0 ReT Y% Re T Y%

“(a) (b)

FIG. 1. Argand plots for the elastic partial wave amplitude
T11.- The outer circles are the unitarity bound (n=1). The in-
ner circles correspond to the Breit—Wigner approximation of
Eq. (2) for (2) x;=Ty/T'=0.75 and (b) x;=0.4. Note: €

=/2(M - E)/T.
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Consider the so-called non-relativistic Breit—Wigner
approximation for 7',:

T, =3T,/(M-E-3il), 2)

where E is the c.m. energy or invariant mass, I'; and
I' are the elastic and total widths, and M is the reso-
nance mass. Equation (2) is, of course, not the only
possible description of a resonant amplitude; but it
suffices to illustrate the properties of partial-wave
amplitudes which we associate with resonance behavior
in the absence of any background in the same partial
wave (see, e.g., the 7N D,, and F,; waves in the Baryon
Data Card Listings). Usually the widths contain bar-
rier-penetration factors which can vary rapidly with
energy. Near threshold, I',(E) should start up as

g®** (also true for the inelastic width T';). Various E
dependences are then used for I';, mostly of the form

(qR)Zl+l .
const+...+(@gR)* "’

' (E)x (3)
see Jackson (1964), Pistt and Roos (1968), and
Barbaro-Galtieri (1968).

The BW approximation to the amplitude for an in-
elastic process leading from channel 1 to channel B
(mm— KK or KN - =7, for example) is

T,,=3(C, T2/ (M - E - 34il")
=(xx)V 3T /(M - E -3 4iT)],

where
N
F=) T, x,=T,/T, ®)
1

and x, (called the elasticity) is often written x,. (Note
that in the Data Card Listings we use the symbol P,
to denote x,.) The channel cross section o,, for the
reaction 1 -8, for spin O—spin 1/2 scattering, is

015 =4TX3(J +3) | T, |?, (6)

where J =1 +3.

The important features of Eq. (4) which character-
ize resonant behavior in the Argand diagram (Im T
versus Re T,,) are:

energy variation given by circles with diameter
(x,x,)"/? and maximum amplitude at E=M of

Tix=i(x,x9)*?; (7)

a maximum in the speed near resonance, given ap-
proximately by

i/2

- “Speed” (res)= |dT,,/dE| p.y= ﬂ%%ﬁ%———, (8)
for slowly-varying I'(E). These features may be related
to the 7, 6 representation of T,;. Thus when E=M, 0 is
either 90° (x,>3) or 0° (x,<3) and 7 dips to its mini-
mum value.

These simple properties can be used to judge the
presence or absence of resonance behavior in an
Argand plot, but do not necessarily constitute the cri-
teria we use (see Sec. V). It must also be kept in mind
that Eqs. (2) and (4) are only approximations to the
“true” amplitude. The simple picture given above can
be distorted by various effects: '
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the presence of “background” in the same partial
wave as the resonance,

two resonances in the same partial wave overlapping
in energy,

the resonant energy M being close to an inelastic
channel threshold, in which case a K-matrix-like pa-
rametrization is more appropriate, )

the speed of the resonance being very slow so that the
resonance is very broad, and the Breit—Wigner formula
a bad approximation.

B. Sign conventions for resonance couplings

Consider the partial width I'; of a resonance decaying
into the channel 8. We can always define a coupling
constant such that

2
T <Gy,

In this case the inelastic amplitude in the Breit—
Wigner approximation, Eq. (4), will go as

T,,xG,G,/(MM —E - %iT'),

where G, is the coupling constant for the elastic chan-
nel. In the context of exact SU(3) symmetry the relative
signs of the product G, G, for different resonances are
often useful as a consistency check on SU(3) assignment
of baryon resonances. See Appendix II for further de-
tails. '
In the Data Card Listings for baryon resonances, we
tabulate measured values for (x,x,)'/?xG, G, When
the sign of the amplitude is determined, it is given;
absence of an explicit sign indicates that it is undeter-
mined (wof that it is positive). For A and T reso-
nances, the signs are chosen according to the conven-
tion advocated by Levi-Setti (1969) and used in the
table of SU(3) Isoscalar Factors presented in this re-
view. Thus the signs multiplying the Breit—Wigner
amplitudes for KN~ = (1385)~Zm, Awm and KN — A(1405)
-2 are simply the product of the phases of the ap-
propriate isoscalar factors. This convention is shown
in Fig. 2, adapted from Levi-Setti (1969).

C. Types of partial-wave analyses

Partial-wave analyses (PWA) are classified into
three categories in the Data Card Listings: energy-
independent partial-wave analyses (IPWA), energy-
dependent partial-wave analyses (DPWA), and model-
dependent partial-wave analyses (MPWA), inincreasing
order of the number of explicit supplementary hypoth-
eses that are used to extract the amplitudes from ex-
perimental data.

In an IPWA, data at different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose an-
gular momenta are above some cutoff value are as-
sumed to be negligible. The sharp cutoff in angular
momentum resolves continuum ambiguities in the so-
lution (such as the overall phase ambiguity), but there
remains a finite number of indistinguishable “best”
solutions (i.e., solutions corresponding to identical
physical observables) which have been codified by
Barrelet (1972). In addition, there are generally some
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES
Toes ~ @ (Guzye - Gy e)/(M-E-i %)
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nearby solutions (and their associated Barrelet am-
biguities) which have chi-squared values close to the
minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
continuity. A popular criterion for making this choice
is the shortest path technique in which the total “length”
of the preferred solution is chosen to be a minimum.
The definition of “length” used here is not universal but
is usually closely related to the total geometrical length
of the lines representing the various partial-wave am-
plitudes in Argand plots (see the baryon section of the
Data Card Listings for examples of Argand plots).
Various other criteria which are also used in some
analyses are, e.g., matching with known solutions at
low energies, the presence of known resonances in the
final results, and limited inelasticity in high partial
waves.

In a DPWA, data at different energies are fit simul-
taneously by using an energy dependent parametriza-
tion of the partial-wave amplitudes. The parametriza-
tion is usually chosen to include both resonances and
nonresonant background of some sort and an attempt
is made to keep it as “model independent” as possible.
Often the data are grouped into several energy bins
which are fit separately rather than trying to fit the
whole energy range under consideration simultaneous-
ly. One of the main advantages of DPWA over IPWA
is that sparse data spread over many different energies
can be analyzed, e.g., nearly all S=-1 analyses are
DPWA. In addition, the built-in energy continuity helps
to resolve the ambiguities that plague IPWA and eases
the problems associated with resonance parameter
extraction. The price one pays for these advantages
lies in the danger of systematic error in the amplitudes
and poor fits to the data if the parametrization is poorly
chosen or insufficiently flexible.

An MPWA also uses an energy-dependent param-
etrization, but one based on explicit model-dependent
theoretical assumptions such as Regge exchanges.

This technique is usually applied to reactions where the
data are incomplete. There is, of course, no sharp
distinction between DPWA and MPWA, and awell chosen
MPWA parametrization may actually be less biased
than a model-independent but poorly chosen DPWA
parametrization.
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FIG. 2. Plot adapted from
Levi-Setti (1969) showing the
sign convention adopted here
for the 7 and Ar amplitudes.
Once the signs of one I=0 and
one I=1 amplitude are fixed,
the others can be measured
relative to these two. Arrows
here indicate signs predicted
by SU(3); x marks indicate
the observed phases; @ indi-
cates phase chosen according
to sign convention described
in text. The x(1915) predic-
tions have been changed from
Levi-Setti’s original figure.

D. Production of resonances

Hereby, we mean the observation of statistically
significant peaks in invariant mass plots or, loosely,
in integrated cross sections. Many meson resonances
are of this type. We expect most of these peaks to be
associated with Breit—Wigner behavior in appropriate
Argand plots; thus the p meson peak in 7m mass plots
is firmly related to the I=1, I =1 77 phase shift passing
through 90°. )

From mass plots we can determine M, I', and the
approximate branching ratios

Xo/%5=T4/T. )

In the case of total cross sections, the peak above
background gives us, using the optical theorem, the
product (J+3)x,:

oCHE =M)=4mx2(J +3)x, . (10)

V. CRITERIA FOR RESONANCES

An experimentalist who sees indications of a reso-
nance in some energy (or mass) region will of course
want to know what has been seen in that region in the
past; hence, we strive to have the Data Card Listings
serve as an archive for all substantial claims for reso-
nances. .

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative and to include
only those peaks or resonances which we feel have a
large chance of survival. An arrow (—) at the left of
the Tables of Particle Properties indicates that a ques-
tionable candidate has been omitted from the Table,
but that it can be found in the corresponding part of
the Data Card Listings. One’s betting odds for survival
are of course subjective; therefore no precise criteria
can be defined. Very slow speeds (¢ and x) make it
quite difficult to decide what is a resonance and what
is not. For more detailed discussions, see the mini-
reviews in the Listings. In what follows we shall at-
tempt to specify some guidelines.

(a) When energy-independent partial-wave analyses
are available (mostly for N*’s), approximate Breit—
Wigner behavior of the amplitude appears to us to be
the most satisfactory test for a resonance. We can
check that the Argand plot follows roughly a lefthand
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circle, and that the “speed” of the amplitude also shows p=[3g%+32%+6g%]/D,
a maximum near the resonance energy; further, there o2 2 5 5
should be data well above the resonance, showing that n=lgs ~£»+2¢% - 2431/,
the speed again decreases. Indeed proper behavior of for the asymmetry parameters:
the partial-wave amplitude could accredit a resonance
even if its elasticity is too small to make a noticeable D ,
eak in the cross section. 2
P Of course even if Argand plots are available, it may 0=[-6g,8,cos0,y+6g%cosp,.]/DE,
still be a matter of opinion as to what behavior consti- and for the parameter describing the helicity of the
tutes a resonance. Such an example is the Z,(1780) electron:
state seen in KN total cross-section experiments and
in partial-wave analysis. The partial-wave analyses
of Giacomelli (1974) and Martin (1975) find preferred
solutions which exhibit a resonance-like loop in the Here
P,, wave near 1740 MeV. However, Giacomelli et al.
and Martin point out that, despite the resonantlike D=gs+gp+4gy+6g7+4%,
appearance of the loop, the evidence for resonant en- gi=c;|*+|cy|?,
evgy dependence is inconclusive.- Thus we omit the
Z,(1780) from the Baryon Table. A similar quandary
has existed for some time concerning the Z,(1900), cos¢;; =Re(C¥C,+C;C}).
and it too has been omitted from the Tables.

(b) When there are insufficient data to perform en-
ergy-independent analyses, one often resorts to en-
ergy-dependent partial-wave analyses (mostly for
Y*’s). In this case Breit—Wigner behavior is an input.
We therefore require that resonance solutions be found
by several different analyses, preferably in different
channels (KN —~KN, 72, etc.), before putting the claim
in the table. .

(c) Partial-wave analyses of three-body final states
(nN —nmN) are now available. While these analyses are
based on the isobar model (nN -~ pN, 7A, etc.) and are
subject to theoretical objections of varying importance,
they provide increasingly reliable information on in-
elastic decay modes of otherwise established reso-
nances. '

(d) Most mesons, =* peaks, and high mass N* and
Y* peaks fall into a category for which no partial-
wave analyses exist. In general we accept such peaks
if they are experimentally reliable, of high statistical
significance or observed in several different pro-
duction processes.

Thus, we enter into the Tables of Particle Properties
only states for which there is experimentally convinc-
ing evidence, and we expect that most of these will be
confirmed as resonances.

£= BgsgpCcospsp — 82,8, COSP,y +142% cOSP 1y

h= 2858pCO8¢psp —82,8, 08¢,y — 67 cOSP 11
D .

and

The quantities g; are defined to be real non-negative
numbers, and the ¢;; are phase angles between the i-
type and j-type interactions. Under the assumption of
two-component neutrinos C;=-C,; and C}=-C;, the

S, P, and T terms vanish, and ¢, is the phase angle
between C, and C, in the complex plane.

By using the above equations and the experimental
determinations of p, m, £, 6, and 2, limits can be
placedon gs/gy, £4/8 s £1/8vs £p/&vs a0d ¢ y. The re-
sults, givenin the Data Card Listings, assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sing .y is the amplitude of time-reversal violation.
Note that most experiments study only the upper end
of the spectrum where p and 1 are highly correlated,
so they can only report p for =0 and 7 for pz%. The
values for p and 1 we use here were obtained by com-
bining measurements of both upper and lower ends of
the spectrum and turn out to be nearly uncorrelated.

Note also that the radiative corrections are unam-
biguous only when g5 =g, =g,=0. The same limits on
ga/8v and ¢,y are obtained, however, as whengg, g,
and g, are left free.

Current values for the asymmetry parameters as
well as |g,/g,| and ¢,y are given in the Addendum
to the Stable Particle Table. In addition, upper limits

VI. CONVENTIONS AND PARAMETERS FOR WEAK on |gs/gv|, |gr/gy| and |gp/gy| are given in the
AND ELECTROMAGNETIC DECAYS section of the Stable Particle Data Card Listings.

A. Muon-decay parameters B. K-decay parameters

The p-decay parameters describe the momentum 1. Dalitz plot for K > 37 decays
spectrum (p and 7), the asymmetry (£ and &), and the
helicity (%) of the electron in the process u*—e*+v
+7. Assuming a local and lepton-conserving interac-
tion, the matrix element may be written as

The Dalitz plot distribution for the 7 mode
(K* ~ n*r*77), the 7/ mode (K*-7°7°r*), and the 7° mode
(K3 =~ n*11°) of K decay can be parametrized by aseries
expansion such as that introduced by Weinberg (1960).

Z<E,rilll)(vlri(ci'*'cliys)l”), We use the form

Sy—8§ S3—54\?
IM'20c1+g :nz 0+h( 3 0)

where the summation is taken over ¢=S,V,T,A, P. 2 m2,

Using the definitions and sign conventions of Kinoshita s 2

and Sirlin (1957), we have for the momentum parame- +7 in_ZSI +k(s:n_281> Foun, 1)
ters m ™

Rev. Mod. Phys., Vol. 52, No. 2, Part 11, April 1980
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where m?, has been introduced so as to make the co-
efficients g, &, j, and & dimensionless, and

$;=(Py=P)P=(my-—m;)?-2m,T;, i=1,2,3,
So=% D s;=lmiemiemiem?).
i

Here the P; are 4-vectors, m; and T; are the mass and
kinetic energy of the ith pion, and the index 3 is used
for the odd pion.

The coefficient g is a measure of the slope in the
variable s, (or T,) of the Dalitz plot, while 7 and &
measure the quadratic dependence on s, and (s, —s,),
respectively. The coefficient j is related to the asym-
metry of the plot and must be zero if CP invariance
holds (C stands for charge conjugation throughout the
discussion in this section). Note also that if CP is good,
g must be the same for 7" and 77, and similarly for &
and k.

Since different experiments use different forms for
|M|2, in order to compare the experiments we have
converted to g, 2, j, and k whatever coefficients have
been measured. See the mini-review in the K* section
of the Stable Particle Data Card Listings for details
on this point. The results are given in the Addendum
to the Stable Particle Table and in the K* and K} sec-
tions of the Stable Particle Data Card Listings.

Relations among 7, 7'*, and 7% are predicted by the
AI=% rule. See Appendix I for these relations and a
discussion of this rule.

2. Form factors in K ;4 leptonic decays

Assuming that only the vector current contributes to
these decays, we write the matrix element as

Mocf O[(Py+P,), %, v, (L+vdu,])+f () m a1 +yu,],
(2)

where P, and P, are the four momenta of K and 7
mesons; m, is the lepton mass; f, and f. are dimen-
sionless form factors which can depend only on ¢

=(P, - P,)?, the square of the four-momentum trans-
fer to the leptons. f, and f_ are relatively realiftime-
reversal invariance holds for these decays. K, ; ex-
periments measure f, and f_, while K_; experiments are
sensitive only to f, because the presence of the lepton
mass makes the f_ term negligible.

(a) K,, expeviments.

Analyses of K, data frequently assume a linear de-
pendence of f, and f_ on ¢, i.e.

78) =F )1 +2.(/m?)]. (3)

Most K, , data are adequately described by Eq. (3) for
f. and a constant 7. (i.e. »_=0). There are two equiv-
alent parametrizations commonly used in these an-
alyses:

(1) »,, £(0) parametrization. Analyses of K, , data
often introduce the ratio of the two form factors

EB) =£.0)/f. ().

The K, ; decay distribution is then described by the
two parameters A, and £(0) (assuming time reversal
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invariance and A_=0). These parameters can be deter-
mined by three different methods:

Method A. By studying the Dalitz plot or the pion
spectrum of K, ; decay. The' Dalitz plot density is
[see, e.g. Chounet et al. (1972)]:

plE,, E,)cf2(t)[A +BE@R) +CE()?],
where

A=myQRE,E, -myE})+m%(;E!-E,),

B=m%(E,-3E)),

C=3m2E!,

m2 ’2 _ 2
By=E]™ - E, = T F,
Here £, E,, and E, are respectively the pion, muon,
and neutrino energies in the kaon center of mass. The
density p is fit to the data to determine the values of
A,, £(0), and their correlation.

Method B. By measuring the K,,/K,; branching ratio
and comparing it with the theoretical ratio [see, e.g.,
Fearing et al. (1970)] as given in terms of A, and £(0),
assuming p-e universality:

T(K:,)/T(K*,)=0.6457 +1.4115, +0.1264£(0)
+0.0192£(0)%+0.0080x,£(0) ,

I(K°,)/T(K%)=0.6452 +1.3162x, +0.1246£(0)
+0.0186£(0)%+0.0064x,£(0) .

This cannot determine A, and £(0) simultaneously but
simply fixes a relationship between them.

Method C. By measuring the muon polarization in
K,; decay. In the rest frame of the K, the u is ex-
pected to be polarized in the direction A with P=A/
|A|, where A is given [Cabibbo and Maksymowicz
(1964)] by

A=a,(&)p,
Il [ e LN Y

+m Imé@E)(p, Xp,) .

If time-reversal invariance holds, £ is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted
average of £(¢) over the ¢ range of the experiment,
where the weighting accounts for the variation with ¢
of the sensitivity to £(¢#).

(2) ©,, o parametrization. Some of the more recent
K, , analyses have parametrized in terms of the form
factors f, and f, which are associated with vector and
scalar exchahge respectively to the lepton pair. f, is
related to f, and f_ by

Fo®Y=F.(t) +[t/m% —m2)]f. @) .
Here £,(0) must equal f,(0) unless f.(¢) diverges at ¢ =0.
The earlier assumption that f, is linear in ¢ and f_ is
constant leads to f, linear in #:

Folt) =Fo(0)[1 +X,(t/m2)] .

With the assumption that 7,(0) =f,(0), the two para-
metrizations, (1,, £(0)) and (A, X,) are equivalent as
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long as correlation information is retained. (x,,2,)
correlations tend to be less strong than (,, £(0)) cor-
relations.

The experimental results for £(0) and its correlation
with A, are listed in the K* and K} sections of the Stable
Particle Data Card Listings in Sec. XIA, XIB, or
XIC depending on whether method A, B, or C discussed
above was used. The corresponding values of A, are
listed in subsection L+M.

Because current experiments tend to use the (x,, 2,)
parametrization, we have added a subsection LO for
X, results. Wherever possible we have converted £(0)
results into A, results and vice versa.

(b) K,, experviments.

Analysis of K 4 data is simpler than that of K, ; be-
cause the second term of the matrix element assuming
a pure vector current [Eq. (2) above] can be neglected.
Here f, is usually assumed to be \linear in {, and the
linear coefficient A, of Eq. (3) is determined.

If we remove the assumption of a pure vector cur-
rent, then the matrix element for the decay, in addi-
tion to the terms in Eq. (2), would contain

+2m  (F i, (L + v, + @f o/m ) (P ), (P,), 7,0, (1 +v)u,,

where fg is the scalar form factor, and f, is the tensor
form factor. In the case of the K ; decays where the

f. term can be neglected, experiments have yielded
limits on |fg/f.| and |f/f.].

The K,, results for x,, |fs/f.|, and |f/f,| are listed
in the subsections L+ , FS, and FT, respectively of
the K* and K9 sections of the Stable Particle Data Card
Listings.

See also the Note on K*, and Ky, Form Factors in the
K* section of the Stable Particle Data Card Listings for
additional discussion of the K|, parameters, corre-
lations, and conversion between parametrization and
also for a comparison of the experimental results.

3. CP violation in KO decays

We list parameters for four different reactions in
which CP can be tested [for details, see Okun and
Rubbia (1967), Steinberger (1969), and Wolfenstein
(1969)].

(a) Kg—m*nm®.
The quantity measured here is the .ratio of amplitudes
AgBg—=m1 ) /AL (K~ 71 1°)=x +1y . (4)

If CPT invariance holds and there is no /=3 state pres-
ent, then x can be neglected and CP violation would be
observed as a nonzero y. We give the result for Eq.

(4) in the K section of the Stable Particle Table and
under Branching Ratio R4 in the K‘; section of the Stable
Particle Data Card Listings. Our procedure is to
assume that x =0, and to list (Ag/A;)? in the form of a
branching ratio.

(b) Chavge asymmetry in K-~ 3 decays.

As mentioned above, the presence of a term in (s,
—s,) in expression (1) describing the Dalitz plot dis-
tribution for 7*, 7° decays of K mesons would be an
indication of CP violation. Experimenters have used
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several forms for this CP-violation term. As described
in the mini-review in the K* section of the Stable Par-
ticle Data Card Listings, we have converted all results
to coefficientj in Eq. (1) above. The latter is listed
among the CP-violating parameters at the back of the
K section of the Stable Particle Data Card Listings.
Note that only upper limits have been reported for this
quantity.

(c) Asymmetry in the K, - 1°1*v decays.
The quantity measured and compiled here is

K, ~7lv)-T(K,~71Tv)

&= .
(K, ~ml*v)+T(K, - ml"v)

This asymmetry violates CP invariance. If CPT is
good, for a pure K‘i beam, 0 can be written as

5=2[(1 - |x|3/(|]1 = x| Ree,

where x is the AS = AQ-violating parameter defined in
section B.4, and € is the parameter of the expansion

|K,) =[(1+€)|[K) ~(1 - ) [K)]/[2(1+ | |)]/2,
Ko =[1+)|KY+ (1 -€)|K)]/[2(1+ |e|D)]/2.

(5a)
(5b)

We give & in the Addendum to the Stable Particle Table.
In addition, in the K9 CP-violation section of the Stable
Particle Data Card Listings, we list 6 separately for
K9 —muv and K —~ mev.

(@) K, - 2m decay.
The relevant parameters are
N,.=AE, ~11)/AKs ~m*1")
= [, | exp(io,.),
Too =A (K, = 1°1°) /A (K = 7°1°)
= | 700 | €x0 (00 s
€, defined in Egs. (5) above, and
€ =3iV2 exp[i(6, — 6,)]Im(A,/A,) .
Here, A, and §; are the amplitude and phase of 77 scat-
tering at the K mass, defined by
(I=0|T|K)=exp(id,)A,,
(I=2|T|K) =exp(i,)A,.
Wu and Yang (1964) have derived the relationships
N,_=€+€", MNy=€-2€".

We give 1,_, Ny ¢.., and ¢, in the Addendum to the
Stable Particle Table. The phases are measured di-
rectly, whereas the magnitudes 7,. and 71,, are derived
parameters. We use, as far as we can, the directly
measured quantities as input and calculate 7,_ and 7,
from the values given by our constrained fits. There-
fore, if one looks at the Data Card Listings, most of the
!17' measurements appear in the form of branching
ratios, with appropriate comments. We then give the
values of 1,_ and |7y |? in a separate list at the end of
the CP-violating parameters section of the KZ section
of the Stable Particle Data Card Listings.
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4. AS= AQ rule in K° decays

The relative amount of AS+ AQ component present
is measured by the parameter x, defined as

x=AE = 11)/AK=11"v).

We list Re{x} and Im{x} for both K,; and K, ; at the end
of the Stable Particle Data Card Llstmgs and give val-
ues in the Addendum to the Stable Particle Table.

C. n-decay parameters
1. C-violation in n decays

As a test of possible C-violation in electromagnetic
interactions, a number of experiments have looked for
possible charge asymmetries in the decays n—n*7"7°
and n—-7*71"y. We list the following parameters:

(a) The left-right asymmetry
A=(N*"-N)/(N"+N"),

where N'*) means the number of events with the 7'*’
. energy greater than the 7 energy in the n rest frame.
(b) The sextant asymmetry

_ N +Ng+N = N,=N, - N,
$7 N, +Ny+Ny+N,+Ns+Ng

for the decay n—m*r"1°. The numbers refer to the sex-

tants of the Dalitz plot [see, for example, Layter
(1972)]. A, is sensitive to an /=0 C-violating asym-
metry. ‘

(c) The quadrant asymmetry A,, defined in a similar
way as A,, but with each sector of the Dalitz plot now
containing m/2 rather than 7/3 radians. A, is sensitive
to an I =2 C-violating final state.

(d) The d-wave contribution to the C-violating am-
plitude in the decay n—7"7"y. The upper limit for this
contribution is measured by the parameter 3, defined
by

dN/d |cosf | o« sin®d (1 + B cos?d),

where 0 is the angle between the 7* and the v in the di-
pion center of mass. A term proportional to cos?§
could also be due to p- and f-wave interference.

We list A for the decay modes n—7*r"7° and 7
—m*r"y, A, and A, for the decay n—m*r"7° and g for
the decay n—7m*r"y in the 7 section of the Stable Particle
Data Card Listings.

2. Dalitz plot for n—> n+ w-#0

The Dalitz plot for the decay n—n*r"1°
the distribution \

may be fit by

|M(x,9)|2cl+ay +by*+cx +dx®+exy .
Here, »
x=V3(T,-T.)/Q, v=(3BT,/Q)-1,

, T_, T, are the Kinetic energies of the 7*, 77, and
7° in the 1 rest system, and @ =m, —m,, —m, _—m .
The coefficient of the term linear in x is sensitive to
C-violation due to an /=0 or I =2 final state. We list

papers presenting determinations of the parameters
a, b, ¢, and d in the 1 section of the Stable Particle
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Data Card Listings. However, we do not tabulate val-
ues of these parameters because the assumptions made
by different authors are not compatible and do not allow
comparison of the numerical values.

3. Dalitz plot for n—»> n*7-y

The Dalitz plot for the decay n— 77"y may be fit to
the expression

|M|2cl 420z,
where
2 3 1 2 p2
_5 [m -3m (E"_Sm")] T p?

max

Here E; is the energy of the ith pion in the 7 rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter « in the 1 section of the
Stable Particle Data Card Listings.

D. Baryon-decay parameters

1. A/V ratio for baryon leptonic decays
Consider the decay

B;~B;+l+v.

Assuming V,A theory, neglecting “induced” scalar,
“induced” pseudoscalar, and axial weak-magnetism
terms, and neglecting the ¢ dependence of the form
factors, the baryon part of the matrix element for
these decays may be written [Goldberger and Treiman
(1958)] as

(B,[yh(gv—gA75)+(gW/mBi)OA”qV|Bi) ’

where B; and B, represent initial and final baryons,

g4 and g, the axial and vector coupling constants, g,
the weak magnetism coupling constant, and g, the

sum of the lepton momenta. Here the Pauli represen-
tation is used for the y matrices. The ratio g,/g, may
be written as

ga/8v= lgA/gvl exp(i¢),

where ¢ is 0+ nrw if time reversal holds [see Jackson
et al. (1957)].

Experiments on the leptonic decays of baryons other
than the neutron have generally assumed ¢ to bé either
0 or m, and have thus measured the magnitude and sign
of g,/gy. In studying neutron beta decay, however, ex-
periments have been sensitive enough to measure ¢
more precisely, and we include the phase angle in our
Listings for this case. It is consistent with time-rev-
ersal invariance, and by using the above definition of
the matrix element with the Pauli representations, the
value of g,/g , in neutron beta decay is negative.

Due to statistical limitation the weak magnetism form
factor g, is usually assumed from CVC and SU(3), so
only g, and g, are determined experimentally. This
determination is accomplished in a variety of ways.

(a) The lepton-neutrino angular correlation provides
a measure of the absolute value of g /g, [for relevant
formulas, see, e.g., Albright (1959)].

(b) The up-down asymmetry of the lepton from po-
larized baryon decays provides a measure of g,/g
with its sign [for relevant formulas, see, e.g., Albright
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(1959)].

(c) The lepton spectrum, given enough statistics,
provides a measure of g /g, with its sign [for relevant
formulas, see, e.g., Bender (1968)].

(d) The polarization of the decay baryon, from po-
larized or unpolarized initial baryon, also provides
g4/gv with its sign [for formulas, see, e.g., Willis and
Thompson (1968)].

(e) The presence of a term proportional to

’ aBi - (pe va) >
where the initial baryon is polarized or

oBf : (pe x pv) ’

where the polarization of the decay baryon is observed
provides a measure of the deviation of ¢ from 0 or 7,
and is thus a test of time-reversal invariance [see,
e.g., Willis and Thompson (1968)].

We compile the ratio g /g, with its sign, for those
decays for which it has been measured.

All the coupling constants and decay rates for baryon
leptonic decays are related by Cabibbo’s theory
[Cabibbo (1963)], extended to six quarks (andthree
mixing angles) by Kobayashi and Maskawa (1973). A
recent fit to this theory has been done by Shrock and
Wang (1978).

2. Asymmetry parameters in nonleptonic hyperon decays

The transition matrix for the hyperon decay may be
written as

M=s+plo-q), (6)

where s and p are the parity-changing and the parity-
conserving amplitudes, respectively; o is the Pauli
spin operator, and q is a unit vector along the direction
of the decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the rela-
tions

a=2Re(s*p)/(|s|*+|p]|?),
B=2Im(s*p)/(|s |2+ |p|?,
r=(sP=1p[2/(s*+|p|?.

With the transition matrix (6), ‘the angular distribu-
tion of the decay baryon, in the hyperon rest system,
is of the form

I=1+C¥Py'q,

where P, =(Y |0|Y) is the hyperon polarization.
In the notation of Lee and Yang (1957) the polariza-
tion P of the decay baryon is?

B (@ +P,oq)g+BPy,xq)+7vq X Py Xq)
B 1+aPy-q

Py s
where Py is defined in that rest system of the baryon
obtained by a Lorentz transformation along q from the
hyperon rest system in which q and Py are defined.

’Note that Lee and Yang (1957) contains a misprint. The
minus sign in the definition of g should be replaced by a 2. In
addition, our unit vector q is the direction of the baryon,
whereas their unit vector P is the direction of the pion.
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Note that « is the helicity of the decay baryon for un-
polarized hyperons.
The three parameters ¢, B8, and y satisfy the relation

a?+ B 4yi=1.

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters «
and the angle ¢ defined by

B=(1-0a?'2ging ,
y=Q1-a®*'2cosg,

which has a more nearly gaussian distribution than 8
or y. Evidently

—sm<¢p<szmfory>0,
rim<¢p <3y fory<0.

In discussing time-reversal invariance, the quantity
of interest is 4, defined by

a=2]s||p|ecosa/(|s |2+ |p|?),
=-2]sllp|sina/(|s[*+ |p|?;

that is, A is the phase angle of s relative to p. Evident-
ly

- ol

T< A< for >0,
sir< A<y for @<0.

Under the assumption of time-reversal invariance, the

angle A must satisfy the relation

A=5,-9,,

modulo 7, where 6, and J, are the pion-baryon scat-
tering phase shifts at the appropriate energy and for
the appropriate isospin state. For A decay, assuming
the validity of the |AI| =3 rule, \

A=5_-08,=(7.0+1.0) deg.?
s b

In the Stable Particle Data Card Listings we give @ and
¢ for each decay since they are the most closely related
to the experiments and are essentially uncorrelated.
Whenever necessary we have changed the signs of the
reported values, so as to agree with our conventions.

In the Stable Particle Table we give &, ¢, and A with
errors; and for convenience we also give the central
value of y, without an error.

VII. STATISTICAL PROCEDURES

We divide this discussion on obtaining averages and
errors into two sections:

A. the unconstrained case, or “simple averaging”,
and
B. the constrained case.

In what follows, the term “error” means one standard
deviation (10); that is, for central value ¥ and error
5%, the range X + 6x¥ constitutes a 68.3% confidence in-
terval.

- 3This value for 65— 06, 1is derived from the phase-shift analy-
ses by Ayed (1976). The error is our estimation of the uncer-
tainty allowing for possible correlations.
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A. Unconstrained averaging

We first describe the standard procedure we have
used for several years to determine averages and
errors. We then discuss a second method, which we
feel offers a less conservative, but possibly more
accurate, estimate of errors.

1. Standard procedure—Gaussian distribution with
scale factor

We begin by assuming that measurements of a given
quantity obey a gaussian distribution, and thus we cal-
culate a weighted average and error

¥ 0% = (Zw,xi/ZW,>t( Zi:wiy/z ,

w, =[1/(ox,7], :

where x; and 6x; are the value and error, respectively,
reported by the ith experiment, and the sums run over
N experiments. We also calculate x® and compare it
with its expectation value of N — 1.

If x3/(N - 1) is less than or equal to 1, and there are
no known problems with the data, we accept the above
results.

If y3/(N - 1) is very large, or if there is prior knowl-
edge of extremely large inconsistencies between ex-
periments, we may choose not to average the data at
all. Alternatively, we may quote the calculated average,
but then give an educated guess as to the error; such a
guess is generally a quite conservative estimate de-
signed to take into account known problems with the
data.

Finally, if x3/(W —1) is greater than 1, but not to
such a large extent, we still average the data, but then
try to make up for this fact in two ways:

(i) We plot an ideogram to guide the reader in de-
ciding which data might be rejected before selected
averages are made. An example of such an ideogram
is givenin Fig. 3 below. Each experiment appearing

(1)

WEIGHTED AVERAGE = 104.2 % 12.1
ERRDR SCALED BY 2.3

-

HISQ
—4— FOLEY 7?2 CNTR  O.
..... GRAYER 71 ASPK ?

1

,,,,,,,, ALSTON-GA 70 HBC 0.
Ao\ DAHL 67 HWBC  10.
- -BARLOW 67 HBC  10.
- -BARLOW 67 HBC 3.0
32.6

(CDNLEV
=0.000)

S
2
.2
- -CRENNEL 71 HBC .4
3
1
3

[s] SO 100 150 200 250
A2 WIDTH (MEV), K KBAR MDDE

FIG. 3. Ideogram of early measurements of the A, width, as
determined from the KK mode. The vertical line indicates the
position of the weighted average, while the horizontal bar atop
the line gives the error in the average after scaling by the
SCALE factor. Only those experiments indicated by + error
flags were precise enough to be accepted in the calculation of
the SCALE factor; the column on the far right gives the x 2
contribution of each of these experiments. Occasionally, less
precise experiments are included in the calculation of the
weighted average, but not SCALE; they have Ll error flags.
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in the plot is represented by a gaussian with central
value x;, error &x,;, and area proportional to 1/5x,.
The choice of area is a somewhat arbitrary one; it is
based on the assumption that an experimenter will work
to reduce his (or her) systematic errors until they are
slightly smaller (but seldom much smaller) than the
statistical errors. Thus, as a bubble chamber phys-
icist gets more events, he (or she) will use them both
to reduce the statistical errors and to study the biases.
Our confidence that a significant systematic error

has not been made in a given experiment, as compared
with other contradictory experiments, then tends to

go up as 1/6x;.

But why not assign a weight I/Gx?, as is done when
computing a weighted average? We feel that this is
equivalent to assuming that large systematic errors
are as infrequent as large statistical fluctuations, and
that this is unrealistic.

We emphasize the difference between least-squares
averaging (where the weighting factor is the inverse
square of the error) and the ideograms prepared for
visual display. The former arithmetic is of course
best if one has statistically distributed input, and yields
a narrow gaussian distribution centered at the weighted
mean. The ideogram (often multipeaked and certainly
not gaussian) is based on the opposite hypothesis that
some of the input is systematically in error. The idea
behind least-squares averaging is that experiments 1,
2, 3, ete., are all valid (so we should multiply their
probabilities). Our ideograms arebasedonthe assump-
tion that 1 o7 2 or 3, etc., is valid, “hedged” with 1/
bx; betting odds; we then add their probabilities. Both
approaches cannot simultaneously be right; we leave
it to the reader to choose. A glance at the ideogram
will show, however, that the discrepancy is often not
severe for reasonably distributed input.

(ii) The second way in which we try to take account of
x?/(N - 1) being greater than 1 is to scale up our quoted
error &% in Eq. (1) by a factor

SCALE =[x*/(N - 1)]*/2. ()

Our reasoning is as follows. Since we do not know which
one or more of the experiments are wrong, we assume
that all experimentalists underestimated their errors
by the same scale factor (2). If we scale up all input
errors by this factor, x? returns to N -1, and of course
the output error scales up by the same factor.

If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most influence
not only the average value ¥, but also the error 6%.
Now, on the average, the low-precision experiments
each contribute about unity to botk the numerator and
the denominator of SCALE, hence the Xx® contribution
of the sensitive experiments is diluted, i.e., reduced.
Therefore, we evaluate SCALE by using only experi-
ments for which the errors are not much greater than
those of the more precise experiments. Explicitly,
to calculate SCALE we use only the most sensitive ex-
periments, i.e., those with errors less than §,, where
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the ceiling 8, is (arbitrarily) chosen to be
5, =3N/25% .

Here 06X is the unscaled error of the mean of all the
experiments. Note that if each experiment had the
same error dx;, then 6% would be 8x;/N'/2) so each
individual experiment would be well under the ceiling
on SCALE.

This scaling approach has the property that if there
are two values with comparable errors separated by
much more than their stated errors (with or without a
number of other experiments of lower accuracy), the
error on the mean value 6% is increased so that it is
approximately half the interval between the two dis-
crepant values.

We wish to emphasize the fact that our scaling pro-
cedures for ervors in no way affect central values. In
addition, if one wishes to recover the unscaled error
0%, one need only divide the given error by the SCALE
factor for that error.

2. A second procedure—Student’s distribution

The second method of averaging data, described in
detail in Roos ef al. (1975), relies upon an empirical
determination of the distribution of the residuals for
the ensemble of data appearing in the Review. The
residual for the ith measurement of a quantity with
average value ¥ is defined as

h; =(Xi —7)/6951 .

Roos et al. select several different subsamples of the
data, and show that the residuals for each subsample
have approximately the same properties; in particular,
their first few even moments'are similar. Since the
distributions have longer tails than a gaussian, the
authors choose to represent them by a distribution func-
tion having such a property, namely the Student dis-
tribution

Sn(h/c)=K[1 + giil_c_)_z_]'(ml)/z-

Here K is a normalization constant, and » and ¢ are
parameters which the authors then fit to the combined
sample of data. The resulting empirical distribution is

(r/1.11)27)11/2
ZEBALA g @

Note that the shape of S,, is somewhere between that
of a gaussian (=S.) and that of a Breit—Wigner (=S,).

3

sm(h/1.11)=0.351[1+
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The proposed method of averaging the data for a given
quantity then consists of finding the value of ¥ which
maximizes the log-likelihood function

log & ({x }|%) = Z 1og[Slo<

the sum here is again taken over all N measurements
of x. The error 6x is determined by finding the varia-
tion in ¥ needed to decrease the log-likelihood by 1/2:

log£{x;}|%) —loge(x} |7+ o%)=3%.

X; =X

)]

1.110x, ©)

(6)
3. Comparison of procedures

Both of the procedures described above adopt a par-
tially empirical approach to the problem that measured
values for the quantities tabulated in this Review do not
exhibit the gaussian behavior naively expected. (This
problem, it should be noted, persists even when careful
attempts are made to resolve difficulties and incon-
sistencies in the data prior to averaging.)

The first approach operates on a quantity-by-quantity
basis and adjusts the error in each case so that no
scaled x2/(N — 1) is greater than 1. This is obviously
rather conservative, since even if the data obeyed a
gaussian distribution, about half of the quantities would
be expected to have x2/(N - 1)>1.

The second approach, on the other hand, assumes
that (provided we first eliminate quantities with ob-
vious, known problems) all quantities have the same
theoretical distribution function, namely the fairly long-
tailed S,o(r/1.11). With this supposition, if a particular
quantity has a large x?, it is assumed to be just a
happenstance, occasioned by a random fluctuation into
the long tails, and no special scaling for this quantity
is done. This procedure thus results in generally
smaller, or less conservative, error estimates for
quantities having x2/(N - 1)>1. (However, it should
be noted that, because of the overall scale of 1.11 ap-
pearing in the empirical Student’s distribution, the
errors for quantities with x2/(W — 1) <1 are actually
increased by about 10%.) Table 3 shows some com-
parisons of sample results from the two procedures,
using data from the 1978 edition of the Review. Shifts
in both X and 6% can be observed, especially where
SCALE>1.

Since the second procedure is a significant departure
from the traditional method, we have repeated the pre-
viously adopted approach: in the Data Card Listings
we give the average-and-error for each quantity cal-

TABLE HOI. Comparison of procedures (data from 1978 edition).
Pure Standard method: Proposed method:
gaussian gaussian + scale factor Student’s distribution
Particle property X+ 6% X+ 6% Scale X+ 0%

% mass (MeV) 770.23 +0.65 770.23 +0.88 1.3 770.25 +0.82
7’ mass (MeV) 957.57 x0.25 957.57 +0.25 1.0 957.57 +0.28
¢ mass (MeV) 1019.62 +0.16 1019.62 +0.24 1.5 1019.68 £0.21
K} mean life(107%s) 5,158 =0.042 5.158 +0.042 1.0 5.158 +0.046
p* mean life(101%s) 0. 8015+ 0, 0053 0.8015+ 0, 0053 1.0 0.8015+0. 0058
X~ mean life (10-10s) 1.483 0,011 1,483 +0.015 1.4 1.481 +0.012
K*—rirrn™ (%) 5.521 +0.075 5.521 +0.098 1.3 5.533 = 0,089
A-»p'rr'(%) 63.99 £0.49 63.99 £0.49 1.0 63.98 +0.55

Rev. Mod. Phys., Vol. 52, No. 2, Part 1i, April 1980
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culated both ways; the standard way is labelled at the
left with the code “AVG”, while the second way is la-
belled “STUDENT”. In the Tables of Particle Properties,
we continue to use the standard procedure—gaussian
with SCALE factor. As in the past, a SCALE factor
greater than 1 is indicated by the appearance of
“S=...” next to the value and error.

B. Constrained fits

Except for trivial cases, all branching ratios and
rate measurements are analyzed by the computer
program AHR. This program makes a simultaneous
least-squares fit to all the data, and outputs the partial-
decay fractions P;, width I', partial widths I';, and
their error matrix.

The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that per-
mits us to comment on the error matrix and the scale
factor. :

Assume that a state has only three partial-decay
fractions; P,, P,, and P, (ZP,=1), which have been
measured in four different ratios, R,,...,R,, where,
e.g., R,=P,/P,, R,=P,/P,, etc.* Further assume
that each ratio has been measured by N experiments
(we designate each experiment with a subscript x, e.g.,
R,). Then AHR finds the best values of P,, P,, and
P, by minimizing x%, namely

P,) ) *] )

4
Y%= E [ZIE (Rr&_R%guPz’
r=1 x=1 s

In addition to the fitted values Fi, the program cal-
culates an error matrix (6?@?1.}. We tabulate the
diagonal elements 6P ;=(5P,;5P,;)*/? (except that some
errors are scaled according to Eq. (2) as discussed
below). In the listings we give the complete error ma-
trix; we also calculate the fitted value of each ratio,
for comparison with the input data, and list it below
the relevant input, along with a simple unconstrained
average of the same input.

Two further comments on the example above.

(1) There was no connection between measurements
of the width and the branching ratios. But often we also
have information on partial widths IT'; as well as total
width I'. In this case AHR must introduce T" as a pa-
rameter into the fit, along with the relations T;
=T'P;,ZT';=T. When appropriate, we tabulate the T';
along with the P;, and give error matrices in the
listings.

(2) Note that we do not allow for correlations between
input data. We do try to pick those ratios and widths
which are as independent and as close to the original
data as possible.

In asymmetric errors, we use a continuous function
of 6(P)* and 6(P)" in the fitting. When no errors are
reported, we merely list the data for inspection.

Hypevon-decay pavametevs. The program AHR
handles any type of input, o, ¢, A, B, or y, according
to the definitions of Sec. VI. If for a particular hyperon
decay there are data for more than two of the decay

*We can handle any R of the form R = za;P;/58;P}, Where o,
and 8; are constants, usually 1 or 0.
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parameters, they are analyzed by using the constraint
.a2+62+.}/2___1.

Inconsistent constvained data. According to our
simple example, which led to Eq. (7), the double sum
for x? is summed over experiments x =1 to N, leaving
a single sum over ratios

3= 202
r

Even before fitting, some of the x? may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, know-
ing the fitted xZ and its expectation value (x2) we form
SCALE factors (just as before), i.e.,

(SCALE)?=x2/(x%),

- and if any (SCALE), is greater than 1, all N of the

measurements of that particular ratio are equally
penalized by having their errors increased by (SCALE),.
Program AHR then recycles on all the data, those with
errors unchanged as well as those with errors in-
creased. We then get new values, 6P, for the errors in
the partial decay modes.

Because of the constraint (ZP; =1) some SCALE fac-
tors may still be greater than 1 even after this second
pass. If this is so, the whole procedure (i.e., in-
creasing errors by the new SCALE factors and re-
cycling through AHR) is repeated.

At the end of AHR’s final pass we have two mea-
sures of the errors for the P;. One is, of course, the
6P/, i.e., the errors in the final fitted values P} which
include the effects of scaling the input errors. The
other measure of the errors is (P, - P}), i.e., the shift
in the central values of the ith mode between the first
(unscaled) fit and the final (scaled) fit. In practice we
find that on the average these two measures of the un-
certainty are about equal. Rather than selecting just
one or the other, our tabulated errors are given by
the combination

(Gﬁi)tab={51—5’iz+(pi “pé)z]”z,

where P, is the fitted value of the ith partial-decay
mode before scaling, P} is its value after scaling, and
8P} is the error in P;. The SCALE factors we finally
list in such cases are defined by

(SCALE), = (6P,),,,/5P, .

However, in line with our policy of not letting SCALE
affect the central values, we give the values of F, ob-
tained from the original (unscaled) fits. (The differen-
ces between the P, calculated with either the scaled or
the unscaled errors are, of course, always within the
tabulated errors, (8P)),,,.) .
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TABLES OF PARTICLE PROPERTIES

April 1980
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(Closing date for data: Jan. 1, 1980)

Stable Particle Table

For additional parameters, see Addendum to this table.

Quantities in italics have changed by more than one (old) standard deviation since April 1978.

Particle 15(0P)c,@  Mass Mean 1ife Partial decay mode
(Mev) (sec) b b or
Mass2 et Mode Fraction Pmax®
(GeV)Z (cm) (MeV!cz
PHOTON
Y 0,1(17)- 0(<6x10~22) _ stable
LEPTONS
v I=4 0(<0.00006) stable stable
e (>3x108m,, (MeV))
e =% 0.5110034 stable stable
£.0000014 (>5x1021y)
v =% 0(<0.57) stable stable
1 (>2.6x10%m,, (MeV))
v
M =1 105.65946 2.197120x1076 ey (98.6,, , )% 53
£.00024 £.000077 e~vvy e 1.a¥ % gz 53
m?3=0.01116392 ¢1=6.5868x10% e~yy ( <4 )x1072 53
m,,-mgt=~33.9074 e"ete” (<1.9 )x10~ 53
£.0012 ey (<1.9 )x10~10 53
eTvev, ( <25 )% 53
9
'r‘jd
T =4f 1784 <2.3x10"12 P’ (17.9 £1.5 )% 889
4 : e (17.0 #1.1 )% 892
m?=3.18 c7<0.07 hadron™ neutrals  ( 33 %10 )%
tnv ( 8.2 £2.6 )7] 887
fov (22 4 %) 723
f{ K~ neutrals ( small )]
ey +u"y ( <12 )% 892
3(hadron?) neutrals ( 35 1 )%
np% . ( 4.2 £1.3 )% 715
f{n~n~n*y (incl.mpy) (7 5 )%) 864
f{a-n—n*(20n0)0 (18 7 )% 864
(23chgd.) neutrals ( 32 5 )%
t[ e ched.parts. .
+p~ chgd.parts. ( <4 V%)
NONSTRANGE MESONS?
at_d
=,
nt 17(07)  139.5669 2.6030x1078 "% 100 % B 30
£.0012 £.0023 ety ( 1.267;0.023):1(3' 70
m?=0.0194789 c¢71=780.4 utvy €(  1.24£0.25)x10~ 30
(r*=17)/7T= etyn® ( 1.0220.07)x 10": 5
(0.05£0.07)% etvy €( 5.6 20.7 )x1072 70
(test of CPT) etrete” (<5 Ix10 70
1,-0 17(07)+ 134.9626 0.828x10716 r ( 98.8520.05)% 67
£.0039 £.057 S=1.8% yete™ ( 1.1520.05)% 67
m2=0.0182149 c7=2.5x107° 7y ( <1.5 %1078 67
Myt-m,0=4.6043 : eteTete” &( 3.32 ))110'5 67
+£.0037 vy ( <4 P 67
ete” ( 2.2 251 »0” 67
n 0%(07)+ 548.8 r=(0.8540.12)keV 3 (38.0 1.0 )7 s-[.z: 274
:0.6* Neutral decays n "( 3.1 #1.1 )% 5-1.2* 258
S=1.4 (71.040 .7)% 3n (129.9 £1.1 )7 S=1.1% 180
m2=0.3012 s=1.1* atnn0 (123.6 £0.6 )7 S=1.17 175
ntn~y ( 4.89:0.13)% S=1.1 236
ete” ( 0.50%0.12)% 274
e*te~n0 ( <4 )x10~3 258
ntn” ( <0.15 )% 236"
Charged decays ete"ntn~ ( 0.1 £0.1 )% 236
(29.010.7)% ntnn0y ( <6 )x10™4 175
S=1.1% ' ntaTyy ( <0.2 % 236
uty ( 2.2 0.8 )x10~% 253
whruTy ( 1.5 20.8 )x10™* 253
utu~n® (<5 yx10~4 211
ete” (<3 )x10™4 274
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Stable Particle Table (cont’d)

Particle G(‘)P)Cna Mass Mean life Partial decay mode
(MeVv) (sec) b b or
Mass Mode Fraction Pmax®
(Gev)?2 (cm) (MeV/c)
STRANGE MESONS%
o+
K
K +(07)  493.669 1.2371x1078 wty ( 63.5040.16)% 236
£0.015 £.0026 S=1.9% n*n0 ( 21.16%0.15)7% 205
m?=0.24371 cT=370.9 ntntas ( 5.59$£0.03)% S=1.1% 125
(r*-17)/7= n*n0n0 ( 1.73£0.05)% S=1.3% 133
(.11£.09)% ptym0 ( 3.20£0.09)7% S=1.7% 215
(test of CPT) etun® ( 4.82:0.05)% S21 1* 228
S=1.2% utvy € 5.8 3.5 )xxo‘ 236
etynOn® ( 1. )xlO' 207
mgs-mygo=-4.01 etuntn~ ( 3.90*8 15)x1072 203
£0.13 e“pntat (<5 yx10~7 203
S=1.1 wtuntn~ ( 0.9 £0.4 )x107? 151
uontat ( <3.0 )x10~8 151
% ( 1.54£0.09)x107> 247
etvy (SD+) ( 1.5240.23)x1075 247
e*vy (SD-) (<1.0 )x10~4 247
ntn0y Jr€( 2.75%0.16)x10"* 205
ntntnTy €( 1.0 £0.4 )x10”*% 125
utonOy €( <6 )x1073 215
etynOy €( 3.7 £1.4 )x10~ 228
ete n? ( 2.6 £0.5 )x107~7 227
etetn™ (<1 )x10~8 227
prucwt ( <2.4 )x10~6 172
ntyy €( <3.5 )x1073 227
wtyyy €( <3.0 )x10~*% 227
o ( <0.6 )x1076 227
nty ( <4 )x107 227
e*tutn¥ ( <7 )x1072 214
e~utnt (<5 )x10~2 214
ety ( <6 )x1073 247
utovr ( <6 )x1076 236
wtvete” (11 £3  )x1077 236
u-vete ( <2.0 )x1078 236
etrete ( 2 i% )x10~7 247
K° 407 497.67 50% Ksnort: 50% Kiong
Ko $0.13
$=1. 1*
KO 2=0.24768
1 -
<+(07) 0.8923x1010 ntn” ( 68.61 )% * 206
S £.0022 nOn0 ( 31.39%0-24)y S=1.1 209
cT=2.675 wtu ( <3.2 )x10=7 225
ete™ ( <3.4 )x10=4 249
Ty €( 1.85%0.10)x1073 206
»r ( <0.4 )x10~3 249
KO +(07) 5.183x108 nOn0n0 (21.5 £0.7 )% S=1.3% 139
L +.040 a*n~n0 (12.3920.18)% S=1.2_ 133
cT=1554 ntu ¥y ( 27.0 0.5 )% S=1.1_ 216
nte¥y (incl.mevy) ( 38.8 £0.5 )% S=1.1 229
nevy €( 1.3 0.8 )% 229
my ~mg = 0.5349x101%R sec™! ntn k( 0.203:0.005)% 206
L S £0.0022 nO0n0 K 0.094%0.018)% S=1.5% 209
n*tnTy e( 6.0 $2.0 )x107° 206
n0yy ( <2.4 )x1074 231
vy ( 4.9 £0.5 )x10™% 249
e (<2.0 )x10~2 238
wrp~ ( 9.1 #1.9 )x107? 225
wtuTy ( <7.8 )x10~6 225
TRt ( <5.7 )xxo-5 177
ete” ( <2.0 )xlo‘ 249
ete™y ( <2.8 )x10~3 249
ntnete” ( <8.8 )xlO‘B 206
nOnte¥y (<2.2 yx10™3 207
CHARMED MESONS®
p+_d
D* 407y 186837 (2.5%3:2)x10713 K ything (10 7 )%
2 20.9 : K *(dncn K*n) (3.9 £1.0)%]) 845
m<=3.491 c1=0.007 (‘K'* + ( seen ) 456
mps-mpo=5.0 [K ( <0.6 %] 743
0.8 KO anylhmg ( 39 +29 )%
7[K (1.5 0.6 )%] 862
e anythmg me 8.2 £1.2 )%
atntn ( <0.31 )% 908
K*anything ( 6 16 )%
K*n*r™ ( <0.20 )% 845
DO_¢ d
Do L0y 1863.14 (3.5%3:3)x10713 K*anymmg (35 £10 )%
=0 £0.9 ) [ Kkn ( 1.8 £0.5 )%) 860
D m?=3.471 c1=0.01 T[ K™n (12 6 )%] 843
[K’n+ o ( 3.5 $0.9 )%] 812
r(DO-D0%»k*n™) 0.16 Koan)thmg+K°any (57 %26 )%
F(D9>Km) <0. 1 KO0+ KOm ( <6 )%) 859
T KOn*n KO ( 4.4 x1.1)%] 841
e*anylhlng m( 8.2 1.2 )%
nta~ ( 5.9 £3.2 )x1074 921
K*K™ ( 2.0 0.8 )x1073 790
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Stable Particle Table (cont’d)

Particle IG(\]P)Cna Mass Mean 1life Partial decay mode
(MeV) (sec) p or
Mass?2 cT Mode Fraction® Pmax
(GeV)2 (cm) (MeV/c)
NONSTRANGE BARYONS®
p (4% 938.2796 stable (>103%y) stable
, £0.0027 n
m?=0.880369 lapl-lael < 1072%ql
n (&% 939.5731 917414 e~V 1 % 1
+0.0027 cr=2.75%x1013 pvrv (chg.noncons.) ( <3 yx10~-19 1
m2=0.882798 )
mp-my=-1.29343
° +0.00004 lagl < 10-21q.1"”
STRANGENESS -1 BARYONS?
A o(+*  1115.60 2.632x10710 pn_ (64.2, o )% 100
£0.05 £.020 S=1.6% nn® (35.8% 02 )z 104
S=1.2 c7=7.89 pe v ( 8.07£0.28)x107*4 163
m?3=1.2446 pu"v ( 1.57$0.35)x10™4 131
mp~mgo=—76.86 pnTy €( 0.85:0.14)x1073 100
£0.08
Z+ 1H(4*)  1189.36 0.800x10"10 pn® (51.64 0 40)% 189
£0.06 +.004 nn* ( 48.36%73% . 185
S=1.8 c7=2.40 py ( 1.24£0.18)x1073 s=1.4* 225
m%=1.4146 nnty €( 0.9320.10)x10"3 185
Aetv ( 2.02£0.47)x107> 71
mg+-mg-= ~7.,98 LEtottny) o, § ety ( <3.0 )x10~3 202
+.08 FE >l nw)"" { ne*y: ( <0.5 )x10™3 224
s=1.2% pete” ( <7 )x10~6 225
):O 1(E*P  1192.46 5.8x10"20 Ay 100 % 74
+0.08 £1.3 Aete” 2( 5.45 )x10~3 74
m3=1.4220 cr=1.7x10"? Ary (<3 )% 74
> 1(E+%)  1197.34 1.482x10710 nm” 100 % 193
£0.05 £.011 S=1.3 nev ( 1.08£0.04)x1073 230
m?3=1.4336 cT=4.44 nuTy ( 0.45£0.04)x1073 210
Ae v ( 0.61£0.05)x1074 79
mgo-mg-= ~4 .88 nny €( 4.6 £0.6 )x107* 193
+.06
STRANGENESS -2 BARYONS®
EO (447 13149 2.90x10710 An® 100 % 135
£0.6 +.10 A ( 0.5 £0.5 )% 184
m3=1.7290 c1=8.69 £0y (<7 )% 117
pn ( <3.6 )x10~% 299
pev (<t.3 )x10™3 323
ey (<t.1 )x10~3 120
ety ( <0.9 )x10~3 112
mzo-mz-=-6.4 stuy (<t.t )x10~3 64
£.6 s uty ( <0.9 %1073 49
puv (<t.3 )x10~3 309
= $(4hH9 1321.32 1.641x10710 An~ 100 % 139
£0.13 +.016 Ae~v ( 2.8 #1.2 )x10™* 190
m?3=1.7459 cT=4.92 0y ( <5 yx10™4 123
AuTY ( 3.1 #1.2 )x1074 163
£Ou~y ( <8 yx10™4 70
an~ (<t.1 yx10”3 303
ne”v ( <3.2 )x1073 327
nu"v ( <1.5 )% 313
£y (<t.2 )x10-3 118
prnn” ( <4 )x10™4 223
prnTe v ( <4 yx10™4 304
pnuTy ( <4 )x10~4 250
=0e™y (<2.3 )x1073 6
STRANGENESS -3 BARYON®
O o(2*9 1672.22 0.82x10"10 (68.6 £1.3 )% 211
£.31 +.03 (23.4 £1.3 )% 293
m?3=2.7963 cr=2.5 ( 8.0 £0.8 )% 290
( ~1 4 319
(~2 )x1073 15
(<1.3 )x10-3 449
( <3.1 )x1073 314
NONSTRANGE CHARMED BARYON?
At ot 227 ~7x10713 Antatns ( seen ) 798
C 6 c7~0.02 pK-n* ( 2.2 £1.0 )% 814
s=1.6% pk*(892)° ( seen ) 567
m?= 5.17 A(1232)**K™ ( seen ) 700

‘ LIy
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S20 Particle Data Group: Review of particle properties

ADDENDUM TO

Stable Particle Table

Magnetic moment
1.001 159 652 41 =S
€ £.000 000 000 20 2mec u Decay parameters $
Ju  1.001 165 924 2:\hc p =0.752£¢0.003 n = - 0.12 £0.21
£.000 000 009~ H £ =0.972£0.013 6= 0.755$0.009 h = 1.00£0.13
lea’evi=0.86%3:33 ® = 180°£15°
T] Mode Left-right asymmetry Sextant asymmetry Quadrant asymmetry
ntnn0 (0.124.17)% (0.19£0.16)% (~0.17£0.17)%
ntnTy ( 0.88+.40)% 8=0.047£0.062
K:t Mode Partial rate (sec™!) si +
o (51.3320.17)x106 s=1.2* ope parameters for K -+ 3n
w0 (17A10go.13)x10(;s s=1.x: K*sn*n*n~ g=-0.215£.004 s=1.4i See Data Card Listings
amons ( 4.52£0.02)x10 S=1.17 K on~#"nt g=-0.217+.007 S=2.5 for quadratic coefficients.
mmOn®  (1.40£0.04}x108 5=1.3%| K*snOnOn* g= 0.6074.030 s=1.3%
pndy ( 2.58+0.07)x10% S=1. KP»ntn~n® g= 0.670£.014 S=1.6%
e  (3.90£0.04)x108 s=1.1* m
AS$= 0.029:.004 A$= 0.0301+.0016 S=1.2
+ - =1 5¥ Q. = = *
KO m*n=  K(0.7689%.0033)x1010 K,ag M= 0.026+.008 5=1.5% K 3§ Mi= 0.034 £.006 S: 257
S n0x0  k(0.3517+.0029)x1010 S=1.1* A= ~0.003£.007 S=1.5 Mj= 0.020 £.007 S=2.5
See Data Card Listings for ¢, fg, and fy.
KO m97%n0  (4.14 £0.15)x106 s=1.3% k
L ntn~n® (2.39 £0.04)x106 S=1.2* CP violation parameters Y» *
o (5.21 £0.10)x108 5212 Iny-l=(2.274£.022)x10- Ingol=(2.33£.08)x1073 S=1.1
- mev (7.49 £0.11)x106  s=1.1%| P+-=(44.6£1.2)° 2 $00=(54£5)°
mém= k(391 £0.10)x10% Iny_0l?<0.12  Inggol?<0.28  6=(0.3304.012)x10
non®  K( 1.81 £0.35)x10% s=1.5%] as = -aQ
Re x=0.009+.020 S=1.4%¥ Im x = -0.004£.026 S=1.1*
Magnetic Decay parameters?
moment Measured Derived ga/ 8y ay/ga
(efi/2mc) a ¢(degree) Y A(degree)
2.7928456
+.0000011
W -1.91304184 | pe~v ~1.25440.007
N :+.00000088 6=(180.11£0.17)°
Aw -0.614 prT. 0.64280.013  (-6.5¢3.5)° 0.76 (7.7%3:9)°
+.005 nn®  0.646£0.044 *
pev -0.62+£0.05 S=1.2
+ pn®  -0.979£0.016  (36£34)° 0.17  (18746)°
2.33 nmt  +0.068£0.013 (167#20)°  -0.97 (-72*13?)°
+0. SN 3
+.13 pY -1.03%3:25 S=1.1
- nn~  —0.068£0.008 (10%15)° 0.98 (2a9%13,)° .
27 Lia ne~v £(0.385£0.070) S=2.3 <
£.25 Ae~v 0.10£0.22 S=1.5
-0 An® -0.47£0,05  (21£12)° 0.8¢ (216%13)°
S -1.20 S=1.3
+.06
—— —1.85 AmT  -0.403:0.017  (2£6)°, 0.92  (185£13)°
= £.75 S=1.1
— AK™ -0.2620,33
0 S=1.5
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Particle Data Group: Review of particle properties

Stable Particle Table (cont’d)

Indicates an entry in the Stable Particle Data Card Listings not entered in the Stable Particle
Table. This is the case for v, for the charmed-strange meson F#%, and for listings of searches for
heavy leptons other than %, intermediate boson searches, quark searches, magnetic monopole
searches, charm seaches, and other particle searches.
S = Scale factor = \/xz/(N—l). where N ® number of experiments. Sshould be~ 1. IfS> 1, we
have enlarged the error of the mean, 6X; i.e., 6x » S6x. This convention is still inadequate, since
if S>> 1 the experiments are probably inconsistent, and therefore the real uncertainty is
probably even greater than S6x. See text, and ideograms in Stable Particle Data Card Listings.

1 Square brackets indicate a subreaction of the previous (unbracketed) decay mode.

a. The baryon number B, strangeness S, and charm C of the hadrons which.appear in the tables are

as follows:
Mesons (B=0) S
™ 0o
K*,K° +1
K~,K° -1
p*,0° 0
p-,b° 0

b. Quoted upper limits correspond to a 90% confidence level.
c. In decays with more than two bodies, pyax is the maximum momentum that any particle can

have.

d. For simplicity, decay mode charge states are written for the particle shown. For antiparticle

C
0
0
o

+1
-1

Baryons (B=1)
p,n
AT

o
AL

modes all particles must be charge conjugated.

S

-1
-2
-3

o

+

e.
f.
£. Theoretical value; see also Stable Particle Data Card Listings.
h. See note in Stable Particle Data Card Listings.
i
j. The direct emission branching fraction is (1.56:35)”0'5.
k.
experiments.
4.
my=3095 MeV.
m. This is a weighted average of D* (44%) and p° (56%) branching fractions.
n. L'ipmil from neutrality—of-matter experiments. Assumes lqnl-lqpl—lqel.
p. J
q.
r. P for AZ not yet measured. Values shown are SU(4) predictions.
s. lga/eyl defined by g3

S3=S5,
M2 =g 20
mg+

u. The definition for the CP violation parameters is as follows [see also text Section VI B.3}:

Mo = Iny_lei®+= =

_ T(KP»2*)-T(KP-17)
(KP»1*)+T(KQ»17) *

Section VI B]:

2| A
o = Zlsliplcosa 8 = VIaZsing

si2+1pIZ

-2 i
g = Z2slplsind | A e

Isl®+Ipl?

A(Kg >ntnT)
AKY » n*nT)

|77+_o|2 =

(KQsntn™

noo = Ingole!®00 =

n0)CP viol.
F(K?‘-m’n_no)

v. The definition of these quantites is as follows [for more details on sign convention, see text

6 defined by ga/gy = |ga/gyl

w. For limits on electric dipole moment of n and A, see Data Card Listings.
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See Stable Particle Data Card Listings for energy limits used in this measurement. -

Quantum numbers shown are favored but not yet established. See Data Card Listings.
Structure—dependent part with positive (SD+) and negative (SD-) photon helicity.

The K(S) - 7w and KE > nom rates (and branching fractions) are from independent fits and do not
include results of KE—Kg interference experiments. The |n,_| and Inggl values given in the

addendum are these rates combined with the |n,_| and |nggl results from interference

Error does not include 0.13% uncertainty in the absolute SPEAR energy calibration. Assumes

not measured for 0. Assumed same as £* to allow isotriplet association.
P for = and JP for 0~ not yet measured. Values shown are SU(3) predictions.

= |CAR+IC I3, gF = ICy2+IC'yI2, and E(EITlu)uIn; (Ci+Cliys)lv)
¢ defined by cos ¢ = —Re(CAC'y+C'sCY)/gagy [for more details, see text Section VI Al
t. The definition of the slope parameter of the Dalitz plot is as follows [see also text Section VI B.1}:

A(Kol - ﬂoﬂ’o) )
A(Kg > n%a0)

, I'Ioool2 =

ga/gy defined by (Bvalgv—28a75)IB))

[(KQ+n0n0n0)CP viol.
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S22 Particle Data Group: Review of particle properties

Meson Table

April 1980

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
substantial claims for meson resonances. See Contents of Meson Data Card Listings below.

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1978.

Name Partial decay mode
I Full
= w;)d& 3, IGUP]C" Mass Width Hé} ' . p or .
FIM|p +—iestab. M r rM Mode Fraction (%) Pmax

(Mev) (Mev) (Gev)? [Upper limits are lo (3)] (MeV/c)

NONSTRANGE MESONS

nt 17(00)+  139.57 0.0 0.019479 .
o = 134.96 795 eV 0.018215 See Stable Particle Table
+,55 eV
n 548.8 0.85 keV 0.301 Neutral 71.0 See Stable
0.6 *.12 keV +.000 Charged 29.0 Particle Table
p(770)  1'(17)- 776’; 1582 0.602 o ~ 100 362
T +3 +5 +.123 Ty 0.024 +.007 375
ete 0.0043+.0005 (d) 388
o 0.0067+.0012 (d) 373
ny seen 194
M and T' from neutral mode. For upper limits, see footnote (e)
w(783) 07 (17)-  782.4 10.1 0.612 o 89.8+0.5 327
0.2 £.3 +.008 T 1.4+0.2 365
s=1.1" wly 8.8+0.5 . 380
ete” 0.0076+.0017 S=1.9 391
ny seen” _ 199
For upper limits, see footnote (f)
>
n'(958) 0'(07)+" 957.57 0.28 0.917 nmw 65.6+1.6 231
= +0.25 +0.10 +.0003  p° 29.8+1.6 164
wy 2.7+0.5 159
Yy 1.920,2 479
For upper limits, see footnote (g)
5(980)  17(0")+ 981 52 0.962  nm seen 319
+3 8 £.051 KK seen'
S*(980) 0%(0")+  ~ 980()F  gp(c)S 0.960 KK seen'
+108 +10% +.039 w seen 470
See note on mr and KK S-wave'.
5
5(1020) 0 (17)-  1019.6 4.1 1.040 KK 48.6+1.2 127
I 0.1 £.2 +.004 KK 35.2+1.2 111
S=1.3% wrren® (incl. pm) 14.70.7 462
ny 1.5:0.2 362
TTiY 0.14+0.05 . 501
ete” .031£.001  S=1.1 510
T .025+.003 499
N For upper limits, see footnote (i)
3 _
3
A (1100- 175+ 1100"  ~ 3007 1.44 om dominant 329
13000~ to 1300 +.36 T g ave seen 558
B(1235) 1'(a"N)- 1231 129 1.52 wr only mode seen 348
13a)- p y
+10 +108 +.16 [D/S amplitude ratio = .29+.05]
For upper limits, see footnote (j)
N
£(1270) o' @NH+ 1273, 178, 1.62 ™o 83.1#1.9  S=1.4* 621
- 57 +20 +.23 2t 2 2.9:0.3  S=1.1" 558
KK 2.840.3 S=1.3" 397
o 2n° seen 561
For upper limits, see footnote (&)
N
p(1285) 0T(1M)+ 1284, 27, 1.65 KR 102 303
+10 +10 +.03 nmrmw 49+6 483
st 367 ] 239
4m (prob. pmm) 41413 564
€(1300) 07 (0")+ 1300 200-400 w "~ 90 635
— KK n 10 423
See note on mr and KK S wave'.
-t § §
A,(1310) 172+ 1317 102 1.73 ot 70.0%2.2 414
+5° 15% +.13 nm 14.6+1.1 534
wmm 10.6%2.5 360
KK 4.8+0.5 434
n'n <1 285
Yy 0.45+0.11 651
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Particle Data Group: Review of particle properties S23

Meson Table (cont’d)

Partial decay mode

Name
Full
Ihzb ; |G(1P)c" Mass Wigth r:(za‘ @) p or )
- ) M + Y Mode Fraction Pmax
tinle testab. (Mev) (Mev) (Gev}z [ Upper limits are lo (%)] (Mev/c)
E(1420) 0" (1N+ 1418, sog 2.01 KRm (prob. K*K + K*K) seen 423
+10 +10 +.07 naT possibly seen 565
1[54 possibly seen] 350
>
£/(1515) 072+ 1516, 67, 2.30 KK dominant 572
+12 +10 +.10 s seen 745
For upper limits, see footnote (k)
>
' + = T 1 . + -
p’'(1600) 1 (17)- ~ 1600 ~ 300 2.56 41 (incl. om 7 ) v 85 738
- +.48 T ~ 15 788
A (1660) 17(2)+ 16605 2008 2.76 £ ~ 60 320
+10 +50 +.33 pm v 30 640
7T(T'W)S—wavc v 10 802
w(1670) 07 (37)- 1666 166, 2.78 o seen 644
+5 *15 +.28 3 possibly seen 805
S seen 739
H{wnn (prob. Bm) seen]] 614
T+ § §
g(1700)" 13- 17004 200, 2.89 2m 24.0%1.3 838
+20 +20 .34 4n (incl. mmp,pp,Axm,wm) 72.141.6 792
Kkn (incl. K°K) 2.4%0.7 631
b N KK 1.50.3 689
J, Mand T from the 2m and KK modes.
3
3
5(1935)" ‘ 1036, 374 NN seen 236
+5
Not a well established resonance.“
+ 4 8§ §
h(2040) 0 (4)+ 2040§ 150§ 4.16 g seen 1010
N 20 +50 +.31 KK seen 890
3
3
3
3
e
>
J/w(3100) 0 (1 )- 3097+1 0.063+0.009 9.598 e'e” 7+1 1549
+.000 ety 71 1545
hadrons 86+2
1 all stables
2(n* Ym0 3.740.5 1496
2.9+0.7 1433
1.20.3 1368
0.72%0.23 1407
0.9+0.3 1345
0.55%0.06 1107
0.4+0.1 1517
0.4:0.2 1466
0.32%0.08 818
0.31%0.13 1320
0.26+0.07 1440
0.23%0.04 948
0.21*0.02 1174
0.22+0.02 1232
0.18%0.09 1231
0.16+0.06 (n) 1033
0.13%0.04 988
0.11+0.02 1074
ppm® 0.11+0.01] 1176
t[with resonances
om 1.2+0.1 1448
w2nt2n 0.85%0.34 1392
PA, 0.84%0.45 1124
Wt 0.68%0.19 1435
K*0(892)K*°(1430)  0.67+0.26 1007
KK+ KK* 0.61+0.08 1373
B*(1235)n" 0.29+0.07 = 1300
wf 0.23+0.08 S=1.2 1144
ot 0.21£0.09 1365
n'pp 0.18+0.06 596
KK 0.18+0.08 1176
wpp 0.16%0.03 768
wKK 0.16*0.10 1265
on 0.10%0.06] 1320
H radiative decays
“yn! 0.25+0.06 1400
vf 0.15+0.05] 1287

For smaller branching ratios and upper limits
see listing.
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Meson Table (cont’d)

Name Partial decay mode
Full
Hof1 1%(Pic, Mass Width M2 por
~ldd T restab r 11‘M\a)2 Mode Fraction (%) Prmax(®)
tinie (Mev) (Mev) (Gev) [Upper limits are lo (3)] (MeV/c)
x(3415) 070N+ 341424 11.655 2(n*n7) (incl.mmp) 4.6%0.9 1678
mtr KK (incl.mKK*) 3.7:0.9 1580
¥J/p(3100) 2.7+1.0 (m) 302
3(nrT) 1.920.7 1632
i 0.9+0.2 1701
K"K 0.9%0.2 1634
pfnr*ﬁ' 0.6+0.2 1319
N
p. or 0" A+ 3507+4 12.299  yJ/p(3100) 31.5#5.2 $=1.3" 386
x(3510) 3(ntm) 2.741.1 1681
2(m*n7) (incl.mmp)  2.0%0.6 1726
7t KK (incl.nKK®) 1.1#0.4 1630
P e Tt pp 0.17+0.11 1379
J° =1 preferred.
x(3550) 0T+ 355145 12.610  vJ/(3100) 15.4+2.4 425
. 2(mtm=) (incl. mmp) 2.420.6 1748
T KT (incl.wKK*) 2.120.6 1654
HGED! 1.3+0.8 1704
‘N:ﬂ_ and K"K~ 0.27+0.11
T pp 0.37£0.14 1407
P = 2% preferred.
5
w(3685) 07 (1)~ 36851 0.215+0.040  13.579 ete” 0.9%0.1 1842
S=1.1* +.001 T 0.8%0.2 1839
’ hadrons 98.1+0.3
t{I/p 33421 476
- = 0.0
™ (3685) ~ ™p(3100) sgéziz;g.g Iy non 17+2] 480
o /v n 3.7%0.4] 194
20 )n® 0.4%0.2] 1798
KK 0.16+0.04] 1725
t{pprtn 0.080.02] 1490
AGES 0.05%0.01] 1816
Hy x(3415) 7+2] 261
[y x(3510) 7%2] 174
Hy x(3550) 7+2
For smaller branching ratios and upper limits see Listings."
¥(3770) (17)- 3768 25 14.198  efe” 0.0013+0.0002 1884
3 +3 *+.094 DD dominant 243
m -m . = 82.5¢3.7
0 (3770) v (3685) P
v(4030) 17)- 4030%+5° 52+10 16. 241 ete” 0.0014+0.0004 2015
+0.210 hadrons dominant
(4160) 17)-  4159+20 78+20 17.297 e'e 0.0010%0.0004 2079
+0.324 hadrons dominant
V(4415) (17)-  4415#6 43+20° 19.492 ¢e'e” 0.0010+0.0003 2207
+.190 hadrons dominant
T(9460) (17)-  9458+6 N 0.060 89. 454 v 2.242.0 4728
T +0.0006 e*e” 2.5%2.1 4729
T(10020) (17)- 10016t14 <12 100.320 Na'e seen 5007
ete” seen 5008
Mp(10020) T Mr(9460) = 559% )
Additional structure at m = 10410+30 is seen".
N
STRANGE MESONS
+ _
E" 1/200) Zg;’gg 8%2?3 See Stable Particle Table
K* (892) 1/2(17)  891.8 50.3 0.795  Knm ~ 100 288
+0.4 +0.8 +.045  Kim < 0.07 216
S=1.1* Ky 0.15%0.07 309
M and T' from charged mode; m° - m* = 6.7%1.2 MeV.
Qi (1280)  1/2(1%) ~ 1280 n 120 1.64 Krrn dominant 501
+.15
H{XKe large] 62
H K possibly seen] ¢ 307
K possibly seen :
Q2(1400)  1/2(1%) A 1400 ~ 150 1.96 K dominant 576
' 2L ey large] 399
1Ko possibly seen] 286
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Meson Table (cont’d)

Partial decay mode

Name
Full
HJol1 SPye,  Mass Width M2 P or
SRl T eseab. r +rml )2 Mode Fraction (%) Pmax(®)
+inle ' (Mev) (MeV) (Gev) [ Upper limits are lo' (%)] (Mev/c)
K*(1430)  1/2(2%) 1434§ loog 2.06 Kn 49.1%1.6 623
- £5 +10 +.14 K*m 27.0%2.2 424
K*mmw 11.2#2.5 374
Ko 6.6x1.5 S=1.1* 327
K 3.7+1.6 320
Kn 2.5+2.6 492
k(1500) 1/2(0%) ~ 1500 250 2.25 Km seen 661
.36
See note on Kr S waveﬂ.
3
L region 1/2 1600 K seen
- to 2000
Not a well established resonanceﬂ.
K* (1780)" 1/2(37) 1785 126 3.19 Knm large 798
+6 +20 .22 Ke large] 619
LK large] 660
Kn 10255 817
CHARMED, NONSTRANGE MESONS
D" 1/2(07) 1868.3 3.491 See Stable Particle Table
h 1863.1 3.471
D*+(2010) 1/2(17)  2008.6 < 2.0 4.034  DOr* 64xll 40
+1.0 D*n® 28+9 37
Mpey = Mpo = 145.3 + 0.4 MeV Dty 8+7 135
D*°(2010) 1/2(17) 2006.0 <5 4.024 Don® 5515 45
+1.5 D%y 45%15 138
Contents of Meson Data Card Listings
Non-strange (S = 0, C = 0) Strange (|S| =1, C = 0)
entry IG(JP)Cn entry IG(JP) Cn entry - IG(JP)Cn entry I (Jp)
T 17(07)+ A2 (1310) 1725+ -~ ¢"e” (1100-3100) K 1/2(07)
n 0t (07)+ E-(1420) o*(1%)+ > X (2830) ) K*(892) 1/2(17)
o (770) 17(17)- > X (1410-1440) > U (2980) Q:1(1280) 1/2(1%)
w (783) 07 (17)- £/(1515) 0*(2%)+ J/y  (3100) 0 (17)- Q2(1400) 1/2(1%)
b M (940-953) + F1(1540) 1 (A) X (3415) 0" (0*)+ > K’ (1400) 1/2(07)
n’ (958) 0*(07)+ p’'(1600) 17 (27)- > x  (3455) ) K*(1430) 1/2(2%)
§ (980) 17(0M)+ A, (1660) 1*(17)- P. or x(3510) O%(A )+ K (1500) 1/2(0%)
S* (980) 0*(0%)+ w (1670) 07 (37)- x  (3550) ot (N )+ > L (1580) 1/2(27)
> H o (990) g (1700) 1*(37)- > x  (3590) > K*(1650) 1/2(17)
¢ (1020) 0 (A7)~ + X (1690) v (3685) 0" (1)~ -+ Ky(1700) 1/2
> M (1033-1040) > A, (1900) 17 v (3770) @)- L region 1/2(A)
> ny(1080) 0T (N )+ + A, (1900) 17 (4%)+ v (4030) a)- K*(1780) 1/2(37)
b M (1150-1170) S (1935) Y (4160) - + K*(2200) -
Ay (1100- 17 (1%)+ h (2040) 0% (4%)+ Y (4415) a)- ~ 1 (2600)
1300) > T0(2150) 0% (2%)+ T (9460) aH- '
B (1235) 1*(19)- > T1(2190) 1 T (10020) - Charmed (jC| = 1)
b o/ (1250) 17 (17)- > X (2200) T (10400) - D (1870) 1/2(07)
£ (1270) o (2%)+ + U0(2350) 0 D*(2010) 1/2(17)
b n (1275) 0*(07)+ > U1(2400) 1 + F (2030)
D (1285) 0"(1%)+ -+ NN (1400-3600) ~ F* (2140)
e (1300) 0*(0%)+ > X (1900-3600) . ~ Exotics
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(n)

Particle Data Group: Review of particle properties

Meson Table (cont’d)

Indicates an entry in Meson Data Card Listings not entered in the Meson Table. We do not regard
these as established resonances. All the entries in the Listings can be found in the Table of
Contents of Meson Data Card Listings.

See Meson Data Card Listings.

Quoted error includes scale factor S = /?/(N-1). Sce footnote to Stable Particle Table.

Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s).

This is only an educated guess; the error given is larger than the error of the average of the
published values. (See Meson Data Card Listings for the latter.)

TM is approximately the half-width of the resonance when plotted against M2?.

For decay modes into > 3 particles, ppax is the maximum momentum that any of the particles in
the final state can have. The momenta have been calculated by using the averaged central mass
values, without taking into account the widths of the resonances.

From pole position M - ir/2).

The e'e” branching ratio is from e"e” » [t experiments only. The wp interference is then due
to wp mixing only, and is expected to be small. See note in Meson Data Card Listings. The
v branching ratio is compiled from 3 experiments; each possibly with substantial wp inter-
ference. The error retleuts this meertamty, see notes in Meson Data Card Listings. If eu
universality holds, T(p® - vy = r(p® ~ ete ) x 0.99785.

me1rlcal limits on fractions for other decay modes of p(770) are m'n < 0.8%, w'a'n m < 0.15%,
wrtaTnd < 0.2%

Empirical values of fractlons for other decay modes of u£783) are 1y < 5%, wonly < 1%;
n + neutral(s) < 1.5%, y'u™ < 0.02%, %"y = (935) x 10
E.mplrlcal values of fractions for other decay modes of n (9582 T < 2%, TT o’ < 5%,

wretnT T < 1%, rhrtr T n® < 1%, 6 < 1%, nTmete” < 0.6%, nee” < 1.3%, nete” < 1.1%,
p°<4f,,uuy= (8 +4) x 10™°.

The mass and width are from the nm mode only. If the KK channel is strongly coupled, the width

may be larger.

Empirical 1limits on fractions for other docay modes of ¢(1020) are 7"n < 0.03%, 77y < 0.7%,

wy < 5%, py < 2%, 2nt2n w® < 1%, 2m 25 < 0.1%

Empirical limits on fractions for other docay modes of B(1235) o< 15%, KK < 2%, 4m < 50%,

¢m < 1.5%, nm < 25%, (KK)™n° < 8%, KgKg n < 2%, Kgig, m* < 6%.

Empirical limits on fractions for other decay modes of f'(1515) are nn < 50%,

nrm < 30%, Kkmo+ K'K < 35%, 2n"2n” < 32%

Empirical limits on fractions for other decay modes of £(1270) are nnm < 1%, KK 'n" + c.c. < 1%,

nn < 2%.

Preliminary results from the Crystal Ball experiment give an upper limit of 0.007, see Meson

Data Card Listings.

Includes ppr'm y and excludes ppn, ppw, ppn’.

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. (2'). Of the
two 1sosinglets, the "mainly octet' one is written first, followed by a semicolon.

P, ~
J )Ln Nonet members Blin. equadr.
07y T, K, n; n' -24 + 1° -10 + 1°
17)- o, K, ¢; w 38 + 1° 40 + 1°
25y A,, K*(1430), £'; 25 + 4° 26 + 4°
,
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Baryon Table
April 1980

The following short list gives the status of all the Baryon States .in the Data Card Listings.
to the status, the name, the nominal mass, and the qguantum numbers (where known) are shown.

able question.

In addition
States with
three~ or four-star status are included in the main Baryon Table; the others have been omitted because the
evidence for the existence of the effect and/or for it5 interpretation as a resonance is open to consider-

N(939) P11 ***x A(1232) P33 *¥*x A(1115) PO ***+* £(1193) P11 #**x *ohkk
N(1470) P11l **x*x A(1550) P31 ** A(1330) Dead L(1385) P13 **** *hkx
N(1520) D13 **%x* . A(1650) 531 *xkx A(1405) S01 **x*x £(1480) * **
N(1535) S11 **%* A(1670) D33 ***x A(1520) DO3 **** £ (1560) *x *x
N(1540) P13 * A(1690) P33 **x* A(1600) PO1 ** 5(1580) D13 ** >k
N(1650) S11 *** A(1890) F35 *#*x A(1670) S01 **** L(1620) S11 ** *x
N(1670) D15 **%x* A(1900) S31 ** A(1690) DO3 ***x* £(1660) P11l *** *kk
N(1688) F15 **** A(1910) P31 **** A(1800) s01 **x Z(1670) D13 **** *
N(1700) D13 **#* A(1950) F37 *x%* A(1800) pO1 ** £(1670) i *
N(1710) P11 *%%x A(1960) P33 ** A(1800) GO9 * £(1690) *x *x
N(1810) P13 ***x A(1960) D35 *** A(1800) * L(1750) S11 *** *x
N(1990) F17 *#** A(2160) *xk A(1815) FO5 **x* I(1765) D15 ****
N(2000) F15 ** A£(2300) H39 * A(1830) DO5 **#** £(1770) P11 * Q(1672) PO3 **x*
N(2040) D13 ** A(2420) H311%** A(1860) PO3 *** £(1840) P13 *
N(2100) S11 * A(2500) G39 * A(2010) * £(1880) P11 ** A (2260) i
N(2100) D15 ** A(2750) 1313* A(2020) FO7 * L(1915) F15 ***%
N(2190) G17 **** £ (2850) *hk A(2100) GO7 *¥** %(1940) D13 *** I (2430) *x
N(2200) G19 ***x A(2950) K315% A(2110) FO5 *** L(2000) s11 *
N(2220) H19 **** A(3230) *kk A(2325) DpO3 * £(2030) F17 *%*x
N(2600) I111%** A(2350) *hkx £(2070) F15 * Dibaryons
N(2700) K113* A(2585) *hk £(2080) P13 ** *
N(2800) G19 * 20(1780) POl * £(2100) G17 * *x
N(3030) Hxx Z0(1865) D03 * £(2250) ok k ok *
N(3245) * Z1(1900) P13 * 5(2455) * ok
N(3690) * 71(2150) * %(2620) L
N(3755) * 21(2500) * £(3000) **

%(3170) *

**%* Good, clear, and unmistakable.
*** Good, but in need of clarification or not absolutely certain.
** Needs confirmation.
* Weak.

L

[See notes on N's and A's, z*'s, A's and I's,
the Baryon Data Card Listings; also see notes

E*'s, and dibaryons at the beginning of those sections in
on individual resonances in the Baryon Data Card Listings.]

. ) £

Particlea I (JP)a T _or K be,:-:mZj Mass Full M2 Partial decay mod; or
— estab. P, (Gev/c) Mc Wld;h iI‘Mb Mode Fraction ¢ P, d

beam T 2 max
o = 4nx? (mb) MeV)(geyy (VD * (Mev/c)

$=0 1=1/2 NUCLEON RESONANCES (N)
¥

e 272 o382 o-859 See Stable Particle Table
N(1470) 1/2(1/2*’)?11 p = 0.66 1400 to 120 to 2.16 NT 50-65 420
B o= 27.8 1480 350 £0.29 Nn ~18 d
(200) N ~25 368
[ne ~ 7]¢ d
[am ~23]¢ 177
[np ~ 7]¢ d
N(1520) 1/2(3/27)p) 4 p = 0.74 1510 to 100 to 2.31 N ~55 456
———e o = 23.5 1530 140 +0.19 N ~45 410
(125) [ne < s5]¢ d
[np ~19]¢ d
[aw ~23]¢ 228

NN <1 d
N (1535) 1/2(1/27)s};  p = 0.76 1520 to 100 to 2.36 NT ~40 467
e o = 22.5 1560 250 +0.23 NN ~55 182
(150) Nmm ~5 422
[np ~ 3]¢ d
> [ne ~ 2]¢ d
[an ~17]° 243
N(1650) 1/2(1/2‘)51l p = 1.05 1620 to 100 to  2.72 NT ~60 547
e O = 14.3 1680 200 #0.25 NTT ~30 511
(150) [ne <10]¢ d
[np 7-21]1¢ d
[am 4-15] 344
Ax ~10 161
IK 2-7 d
NN ~ 1 346
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Particle Data Group: Review of particle properties

Baryon Table (cont’d)

. P Partial d ae
particle? 1 @H® T or K bean” Mass Full u? T ey ; —
—- estab. Width
es Ppeam (GevV/c) Ma lra iI‘sz Mode Fraction pmaxd
o = 4nx? (mb) (Mev) (Mev) (Gev®) K (Mev/c)
N(1670) 1/2(5/27)p p = 1.00 1660 to 120 to 2.79 NT ~40 560
_— g = 15.6 1690 180 +0.26 N7 ~60 525
(155) [am ~so]z 360
[np ~ 5] d
I < 0.3 200
NN < 0.5 368
s
N(1688) 1/2(5/27)F] p = 1.03 1670 to 110 to 2.85 NT ~60 572
_ o= 14.9 1690 140 +0.22 N ~40 538
(130) [ne ~22]z 340
[np ~13]e d
[am ~18] 375
Nn < 0.3 388
N (1700) 1/2(3/2')1)13 p = 1.05 1670 to 70 to 2.89 NT ~10 580
—_— O =14.3 1730 120 40,20 N7 ~90 547
(120) [ne <4o]: 355
[np < sl d
[an 15-40] 385
Ak <1 250
N1} ~ 4 400
+ "
N(1710) 1721720, p = 1.20 1680 to 100 to, 2.92 Nm ~20 587
— c = 12.2 1740 140 +0.21 N >50 554
(120) [ve 15-40]° d
[Np 40—65]: d
[am 10-20] 393
AK <5 264
K ~10, 138
Nn 2-20 410
+ "
N(1810) 1/2(3/27)p) p=1.26 1690 to 150 to 3.28 N ~17 652
—_— o = 11.5 1800 250 +0.36 N ~70 624
(200) [ne ~20]¢ 468
[np 45—70]2 297
[aw ~20] 471
AK 1-4 386
IK ~ 2 307
Nn <5 503
v
N (1990) 1/2(1/20F,, p = 1.62 1950 to 100 to 3.96 wi ~5 772
R : —_— 0 = 8.35 2050 400 +0.50 Nn ~3 655
: (250) Ak seen 562
3 K seen 506
N (2190) 1/2(7/27)6,, p = 2.07 2120 to <400 4.80 Nm ~15 ‘888
—_— 0 = 6.21 2180 (250) 40.55 NN ~ 2 790
Ax <1 712
N (2200) 1/209/27)6, 4 p = 2.10 2130 to 200 to 4.84 Nm ~10 894
B —— 0= 6.12 2270 350 +0.55 Nn ~ 2 810
(250)
+
N (2220) 1/2(9/27)H 4 p=2.14 2150 to ~300 4.93 N ~20 905
—_— 0= 5.97 2300 (300) +0.67 Nn ~1 811
N (2600) 1/2(11/2)1 ;P = 3.26 2580 to >300 6.76 Nm ~5 1014
N — a 3.67 2700 (400) *1.04
z
N(3030) 1/2( 2 ) p = 4.41 ~3030 ~400 9.18 NT (T +1/2)x 1366
3 — o = 2.62 (400) +1.21 <0.1k
3
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Baryon Table (cont’d)

{ f
P,
particle? I (Jp)a T_or K beam Mass Full M2 artial decay mod: e
— 3 width
estab Ppeam (GeV/C) u® lra 11“sz Mode  Fraction pmaxd
o oAk (mb) (Mev) (Mev) (Gev?) S (Mevre)
$=0 1=3/2 DELTA RESONANCES (A)
A(1232) 3/2(3/2+)P:;3 p = 0.30 1230 to 110 to 1.52 N ~99.4 227
_— o = 94.3 1234 120 £0.14 Nt ~ 0 80
' (115)
A(++) Pole position:’ M -il/2 = (1211.0%0.8) - i(49.9 %0.6)
A(0) Pole position: M -il/2 = (1210.5+1.0) - i(52.9 +1.0)
>
£(1650) 3/2(1/2')551 p = 0.96 1600 to 120 to 2.72 NT ~32 547
_ o = 16.4 1650 160 +0.23 NTT ~65_ 511,
(140) [np <5o]e d
[am ~40] 344
A(1670) 3/2(3/2‘)033 p = 1.00 1630 to 190 to 2.79 NT ~15 560
_— o = 15.6 1740 300 +0.33 NTT ~85__ 525
(200) [wp ~4o]e d
[am <50] 361
$o
A(1690) 3/2(3/27)py, p = 1.03 1500 to 150 to 2.86 NT ~20 573
_— g = 14.9 19007 350 +0.42 NTIT ~80 540
(250) [Np <1o]Z d
[am 30-45] 377
A(1890) 3/2(5/2*)1«*35 p=1.42 1890 to 250 to 3.57 NT ~15 704
—_— o = 9.88 1930 400 +0.47 N ~80 677
(250) [Np ~60]z 403
: [am 10-30] 531
> IK <3 400
A(1910) 3/2(1/2*)93"1 p = 1.46 1850 to 200 to 3.65 N 20-25 716
— c = 9.54 1950 330 +0.42 N7 >40 691
(220) [np <a0]° 429
Lam sma11]¢ 545
IK 2-20 420
A(1950) 3/2(7/2*)?37 p=1.54 1910 to 200 to 3.80 NT ~40 741
_ o = 8.90 1950 340 +0.47 N >30 716
(240) [np ~20]¢ 471
[an ~30]¢ 574
> K <1 460
A(1960) 3/2(5/2'):335 p = 1.56 1890 to 150 to 3.84 N 4-12 748
_— o= 8.75 1940 300 +0.39 K <10 469
(200)
A2160)" 3/2( 27) p = 2.00 2150 ‘to 200 to 4.67 NT (T +1/2)x 870
— o= 6.46 2280 440 £0.65 0.2-1.2
> . (300)
A(2420) 3/2(11/2‘”)1»13 1n p = 2.64 2380 to 300 to 5.86 NT ~10 1023
—_—— o = 4.68 2450 500 +0.73
- (300)
3
£(2850) 3/2( 25 p = 3.85 2800 to ~400 8.12 NT (T +1/2)x 1266
N o = 3.05 2900 (400) +1.14 ~0.25
A(3230) 3/2(2) p = 5.08 3200 to ~440 10.43 NT (T +1/2)x 1475
o= 2.25 3350 (440) +1.42 ~0.05 k
2% Evidence for states with strangeness +1 is inconclusive.
N See the Baryon Data Card Listings for data and discussion.
3
e
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Baryon Table (cont’d)

Particle Data Group: Review of particle properties

. a P.a b . 2 Partial decay modef
Particle I (J) T_or K beam Mass full b or
= eatab. P, (Gev/c) mn¢ Wldcth +rmP Mode Fraction P, d
beam (MeV) r (Gev?) % max
G = 41X° (mb) (MeV) (Mev/c)
I=0 LAMBDA RESONANCES (A)
+
A 0(1/2") 1115.6 1.245 See Stable Particle Table
N -
A(1405) 0(1/2')5[jl Below K p 1405 a0+10° 1.97 m 100 142
—_— threshold *5 (40) +0.06
A (1520) 0(3/2')0(‘)3 p = 0.389 1519.5  15.5+1.5% 2.31 NK 46 +1 234
—_— o = 84.5 +1.5 (16) +0.02 I a2+1 258
A 10+1 250
> T 0.9+0.1 140
A(1670) 0(1/2-’551 p = 0.74 1660 to 20 to 2.79 NK 15-25 410
—_— o = 28.5 1680 60 +0.07 An 15-35 64
(40) I 20-60 393
A(1690) o(3/2')n;3 p=0.78 1690 50 to 2.86 NK 20-30 429
e 0= 26.1 +10 70 £0.10 Im 20-40 409
(60) Amrm ~25 415
Zmm ~20 352
A(1800) 0(1/2')58'l p=1.16 1700 to 200 to 3.50 NK 25-40 525
— o= 14.2 1850 400 +0.56 m seen 488
(300) Z(1385)m seen 346
e NK* (892) seen d
3
A(1815) O(5/2+)F(')5 p = 1.05 1820 70 to 3.29 NK 55-65 542
e C = 16.7 +5 90 +0.15 m 5-15 508
(80) £(1385)T  5-10 362
A(1830) 0(5/27)D4 p = 1.09 1810 to 60 to 3.35 NK <10 554
—_— g = 15.8 1830 110 +0.17 Zm 35-75 519
(95) (1385)m  >15 375
A(1860) 0(3/2+)p<;3 p=1.14 1850 to 60 to 3.46 NK 15-40 576
— o= 14.7 1920 " 200 +0.19 I 3-10 534
R (100) Z(1385)T  seen 396
- NK*(892) seen 162
A(2100) 0(7/2')@07 p=1.68 2080 to 100 to 4.41 NK ~30 748
e 0= 8.68 2120 300 +0.53 m ~5 699
(250) An <3 617
i <3 483
Aw <8 443
NK* (892) 10-20 514
A(2110) 0(5/2+)F(')'5 p=1.70 2080 to 150 to 4.45 NK 5-25 756
—_— o= 8.48 2140 250 +0.42 I <40 709
(200) NK*(892)  20-60 524
Aw seen 454
- L(1385)T seen 589
A(2350) o(9/2") p = 2.29 2340 to 100 to 5.52 NK ~12 913
- c=5.85 2420 250 +0.28 I ~10 865
(120) .
A (2585) o( 2 ) p = 2.91 ~2585 ~300 6.68 NK (J+1/2) x 1058
- o = 4.37 (300) +0.78 ~1.0
Ss=-1 I=1 SIGMA RESONANCES (%)
z 1(1/2%) (+)1189.4 1.415 See Stable Particle Table
—— (0)1192.5 1.422
(-)1197.3 1.434
£(1385) 1(3/2*’)?1‘3 Below K p  (+)1382.320.4 (+)35%2 1.92 At 88 +2 208
—_— threshold s =1.6P s=2.2P x0.05 I 12 %2 117
(-)1387.540.6 (-)40+2 .
s =1.0P s=1.9P
. (0)1382.0%2.5  (35)
- s =1.6P
3
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b
Baryon Table (cont’d)
i f
Parti. decay mod:
particle? 1 @5? T or K bear Mass Full " al decay : =
estab. P, (Gev/c) me Wld;,h +I'Mm b Mode Fraction P d
beam (Mev) r (Gev?) % nax
0 = 41X° (mb) (MeV) (MeV/c)
£(1660) 7 1(1/2*)9{1 p=0.72 1580 to 30 to 2.76 NK <30 402
Emm— o= 30.1 1690 200 £0.17 - Im seen 383
(100) Am seen 440
£(1670) 1(3/2')[)'1'3 p = 0.74 1675 40 to 2.79 NK 5-15 410
—_— o = 28.5 +10° 60 +0.08 X 20-60 387
ke (50) Am < 20 447
£(1750) 1(1/2")511 D = 0.91 1730 to 50 to 3.06 NK 10-40 483
—_— o = 20.7 1820 160 40,13 Am 5-20 507
(75) Im <8 450
n 15-55 54
£(1765) 1(5/2')1315 p = 0.94 1774 105 to 3.12 NK ~41 496
—_— o= 19.6 %79 135 *0.21 Am ~14 518
e (120) A(1520) ™ ~19 187
> Z(1385)m ~ 9 315
Im ~ 1 461
+ -
£(1915) 1(5/27)F ¢ p = 1.25 1905 to 70 to 3.67 NK 5-15 612
R o = 13.0 1930 160 +0.19 Am 10-20 619
(100) I seen 568
I(1385)m < 5 437
£(1940)9 1(3/2')13;'3 p = 1.32 1900 to 150 to 3.76 NK <20 678
R — o = 12.0 1950 300 £0.43 Am seen 680
(220) Im seen 589
A(1520)T  seen 370
A(1232)K  seen 410
NK*(892)  seen 320
> %(1385)m seen 461
+ _
£(2030) 1(7/2)F p = 1.52 2020 to 120 to 4.12 NK ~20 700
 —— o = 9.93 2040 200 +0.37 Am ~20 700
(180) I 5-10 652
EK <2 412
A(1520)m 10-20 429
+ I(1385)m  5-15 530
3 A(1232)K  10-20 498
NK* (892) <s 438
% (2250) 9 12y " p = 2.04 2200 to 50 to 5.06  NK <10 849
- 0=6.76 2300 150 $0.22 Am seen 841
(100) m seen 801
T (2455) 1(2) p = 2.57 ~2455 ~120 6.03 NK (I+1/2)x 979
- o= 5.00 (120) +0.29 ~0.2K
% (2620) 1(2) p = 2.95 ~2600 ~200 6.86 NK (J+1/2) x 1064
- 0 =4.30 (200) £0.52 ~0.3k
N
3
$§=-2 1=1/2 CASCADE RESONANCES (&)
= 17201/2%) (0)1314.9 1.729 See Stable Particle Table
— (-)1321.3 1.746
- +
2(1530) 1/2(3/2 )P13 (0)1531.8%0.3 (0)9.1*0.5 2.34 Em 100 144
E— s =1.3P +0.02
(~)1535.0%0.6 (-)10.1#1.9
3 (10)
o -
£(1820) 1/2(3/2 ) 1823 20113 3.31 Ak ~45 396
— +69 +0.04  E(1530)m ~45 234
(20) Ik ~10 306
. Em small 413
o
£(2030) 1/2( 2 ) 2024 16712 4.12 Ik ~80 524
—_— +6© £0.03 AR ~20 587
(16) small 573
3 Z(1530)T small 418
3
= +
Q 0(3/2") 1672.2+0.3 2.796 See Stable Particle Table
+ +
Ac a(1/27) 2273%6 5.17 See Stable Particle Table
3
3
3
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Baryon Table (cont’d)

For convenience all Baryon States for which information exists in the Baryon Data Card Listings are
listed at the beginning of the Baryon Table. States with only a one or two star (*) rating in that
list have been omitted from the main Baryon Table; each omitted state is indicated by an arrow in the
left-hand margin of the Table. 1In the Listings there is an arrow under the name of each state omitted
from the Table.

’
The names of the Baryon States in Col. 1 [such as N(1470)] contain a nominal mass which is primarily
for purposes of identification. See Col. 4 for actual mass values. The convention for using primes
in the spectroscopic notation for the quantum numbers in Col. 2 (such as Pl'l) is as follows: no prime
is attached when the Data Card Listings include only one resonance in the given partial wave; when
there is more than one resonance, the first has been designated with a prime, the second with a double
prime, etc. The name and the quantum numbers for each state are also given in large print at the
beginning of the Data Card Listings for that state. See footnote a. of the Stable Particle Table for
the strangeness quantum numbers of the baryons; in addition to the names listed there, we also use N
and A for S=0 baryons, and 2* for S=+1 baryons.

The numbers in Col. 3 and Col. 6 are calculated using the nominal mass (see a. above) for M and the
nominal width (see c. below) for T. .

For masses, widths, and branching fractions of most baryons we report here a range instead of an average.
Averages are appropriate if each result is based on independent measurements, but inappropriate where
the spread-in parameters arises because different models or procedures have been applied to a common

set of data. The ranges given in the Table are generally chosen to be comservatively large. See the
Data Card Listings for the individual values obtained in specific analyses. A single value with an
approximation sign (~) indicates that there is not enough data to give a meaningful interval. A nominal
width is included in parentheses in Col. 5; this nominal width is used to calculate the value of TM
given in Col. 6. ’

For two-body decay modes we give the momentum, p, of the decay products in the decaying baryon rest
frame. For decay modes into 23 particles we give the maximum momentum, Ppaxs that any of the particles
in the final state can have in this frame. The momenta are calculated using the nominal mass (see a.
above) of the decaying baryon, and of any isobars in the final state. Some decays which would be
energetically forbidden for the nominal masses actually occur because of the finite widths of the
decaying baryon and/or isobars in the' final state. 1In these cases, the decay momentum is omitted

from Col. 9 and replaced with a reference to this footnote.

Square brackets around an isobar decay mode indicate that it is a sub-reaction of the previous
unbracketed decay mode.

Many of the branching fractions in the Table are -extracted from significantly more accurate results,
on Vxx' type couplings obtained in partial-wave analyses. The original Vxx' values are given in
the Baryon Data Card Listings. For information on radiative decays of N's and A's, see the mini-
review preceding the Baryon Data Card Listings.

The range given here does not include the widths of several hundred MeV reported by LONGACRE 75
and LONGACRE 77. .

The range given here does not include the width of 550 MeV reported by SAXON 80.
The range given here does not include the branching ratio of approximately 80% reported by FELTESSE 75.

This state has been seen only in an energy-dependent fit to total, channel, or fixed angle cross-
section data. J is not known; x is I'el/l".

See note on determination of resonance parameters in the Baryon Data Card Listings. Values of mass
and width are dependent upon resonance shape used to fit the data. The pole position is much less
dependent upon the parametrization used. The pole positions given here are taken from results (in the
Data Card Listings) of fits to phase shifts without Coulomb corrections.

There may be more than one P33 resonance in or near this mass range.

There is probably more than one A resonance near 2160 MeV. The parameter ranges in the Table include
the various possibilities. See the Baryon Data Card Listings. -

The error given here is only an educated guess; it is larger than the error of the average of the
published values (see the Baryon Data Card Listings for the latter).

Quoted error includes a S (scale) factor. See second footnote to Stable Particle Table.
Because the elastic branching fraction of this resonance is poorly determined, it is not possible to
extract inelastic branching fractions from partial-wave couplings. See the Baryon Data Card Listings

for the partial-wave couplings.

Recent partial-wave analyses of the College de France-Saclay group find evidence for a 5/27 and a
9/2” I resonance at this mass. See the Baryon Data Card Listings.
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PHYSICAL AND NUMERICAL CONSTANTS*

PHYSICAL CONSTANTS
Uncert. (ppm)
CNpA = 6.022 045(31)x10°3 mole™! . ... ... ... ... 5.1
Vim - - = 22413.83(70) cm3 mole~! = molar volume of ideal gas at STP 31
C = 2.997 924 58(1.2)x1010 cm sec™! .. .. . U 0.004
e . ... .. = 4.803 242(14)x10~10 esu = 1.602 189 2(46)x10~1? coulomb . . 2.9; 2.9
1 MeV . =1.6021892(46)x107 S erg . ... ... ... ... ... ...... 2.9
h=h/2n : = 6.582 173(17)x10~22 MeV sec = 1.054 588 7(57)x10~2%7 erg sec  2.6; 5.4
e .. ..... = 1.973 285 8(51)x10"!1 MeV cm = 197.32858(51) MeV fermi . . . 2.6; 2.6
(hc)? . . . .. =0.3893857(20) GeVemb . . . ... ... ... ... 5.2
a ... =e2/fic = 1/137.03604(11) . . . . . . ... 0.82
KBoltzmann - = 1.380 662(44)x10" 6 erg°k=1 . .. ... .. ... ... 32
= 8.61735(28)x10™ 11 MeV °K~! = 1 eV/11604.50(36) °K . . . . . 32; 31
OStef. Boltz. - = 5-67032(71)x10 3 erg sec™lem™2°K™* . . ... ... . ... .. 125
= 3.53911(44)x107 eV sec™t em™2 °K™4¢ .. .. ... .. B 125
me ... =0.511 003 4(14) MeV = 9.109 534(47)x10™%8 ¢ . . . . ... 2.8; 5.1
mp .. = 938.2796(27) MeV = 1836.15152(70) m, = 6.722 795(61) m,+ . 2.8; 0.38; 9.0
=1.007 276 470(11) amu . . . . . . ... 0.011
1 amu .. =1/12myz = 931.5016(26) MeV . . . . ... 2.8
myg ... = 1875.6280(53) MeV . . . ... ... . ... ... ... ... ... .. 2.8
Fe - oo ... = e2/m,c? = 2.817 938 0(70) fermi (1 fermi = 10713 cm) . . . .. 2.5
| = h/mgc = rea”! = 3.861 590 5(64)x10 ' em ... .. ... 1.6
3cBohr = h%/mge? = rea™2 = 0.529 177 06(44) A(1 A= 10"8cm) . . . .. 0.82
OThomson - - = (8/3)nrZ = 0.665 244 8(33)barn (1 barn = 1072* cm?) ... .. 4.9
MBohr - - - - - = efi/2m,c = 0.578 837 85(95)x10™ !4 MeV gauss™! .. ... .. .. 1.6
BN - = eh/2mc = 3.152 451 5(53)x10718 MeV gauss™! ... .. ... .. 1.7
#p/ HBohr =0.001521 032 209(16) . . . . . 0.011
l/zwzyclotron = e/2mec = 8.794 024(25))(106 rad sec~! gauss"1 ......... 2.8
1/2wgyc|°'_r°n = e/2mpc = 4.789 3’78(14)><103 rad sec™! gauss'1 ......... 2.8
Hydrogen-like atom (nonrelativistic, 4 = reduced mass):
¥y _za. g ,&Vz=f_‘(c_zg 2 _n°h
c’‘rms n: n 2 2 n * n Mzca
R., = mge/2h% = m.c2a?/2 = 13.605 804(36) eV (Rydberg) . .. ........ .. 2.6
= meca?/2h = 109 737.3177(83) em™! . . ... ... ... 0.075
pc = 0.3 Hp (MeV, kilogauss, cm)
1 year (sidereal) . ... .. = 365.256 days = 3.1558x107 sec (xnx107 sec)
density of dry air . . . . . . = 1.204 mg cm™3 (at 20°C, 760 mm)
acceleration by gravity = 980.62 cm sec”? (sea level, 45°)
gravitational constant = 6.6'720(41)><10'8 cm?3 g™t sec™® . ... ... ... 615
1 calorie (thermochemical) = 4.184 joules :
1 atmosphere . . .. .. .. = 1.01325 bar (1 bar = 106 dynes cm'z)
1 eV per particle . ... .. = 11604.50(36) °K (from E=kT) . ... ... .... 31
NUMERICAL CONSTANTS
n = 3.141592 7 trad = 57.295 779 5 deg Vr =1.772 45385
e = 2.718 281 8 1/e =0.3678794 VZ =1.4142136
In2 = 0.693 147 2 In10 = 2.302585 1 V3 =1.7320508
logyg2 = 0.301 0300 logjge = 0.434 2945 V10 = 3.162277 7

*Revised April 1980 by Barry N. Taylor. Originally prepared by Stanley J. Brodsky, based mainly on the "1973
Least—Squares Adjustment of the Fundamental Constants,” by E. R. Cohen and B. N. Taylor, J. Phys. Chem. Ref.
Data 2, 663 (1973). The figures in parentheses correspond to the one-standard—deviation uncertainty in the
last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the last
column. Note that the uncertainties of the output values of a least-squares adjustment are in general
correlated, and the general law of error propagation must be used in calculating additional quantities.

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for
international use by CODATA (Committee on Data for Science and Technology), and is the most up-to—date,
generally accepted set currently available. However, since the publication of the 1973 adjustment, a number of
new experiments _have been completed, yielding improved values for some of the constants: N, =
6.022 097 8(63)x1023 mole~! (1.04 ppm); a~! = 137.035 963(15) (0.11 ppm) [obtained using the Josephson effect];
and R, = 109 737.314 76(32) em™! (0.003 ppm). But it must be realized that, since the output values of a
least—squares adjustment are related in a complex way and a change in the measured value of one constant
usually leads to corresponding changes in the adjusted values of others, one must be cautious in carrying out
calculations using both the output values from the 1973 adjustment and the results of more recent
experiments. A new adjustment is planned for completion by early 1982.
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CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS

J T ...
Note: A+ is to be understood over every coefficient; e.g., for —8/15 read -~ 8/15. M M ...
1/2 12 RN [ ~
0 2 X ]/ +5/ Coefficients
f1/2 +1/2 0 1 ff ) ie 5/2 3/2
1z S1/2|1/2 1/2) 1 Y ==—Jg; sinfe Yo 1720 1 fsr2+3/2
-1/2 +1/2{1/2 -1/28-1 +2 -1/2|1/5 4/5} 5/2
-1/2 -1/2] 1 \ +1 +1/2]4/5 -1/5)+1/2
Q. o_ /5 (3 2, 13
Y, = /2= |3 cos G-E) +1 -1/2] 2/5
3/2] " / o+1/2] 3/5
1~ ]/2 +3/2) A 4 5/2 3/2
3/2°1/2 1 15 . 0 oi® -1 -3/2 -3/2
N1 172 1 R1/2+1/2 Y, =—,) g; sinfcosfe =
3/2 ]/2 2 2/5 1/5] 5/2
+1 -1/2 ;ﬁ %/2 _ R 1/5 -4/5Q-5/2
L ZZ= ;11- /; sin®g %1 R:3/2 +1/2] 1f+1 Yz-1/2] !
0-1/2 1/3§ 3/2 "
+3/2 -1/2[1/4 3/4
9 x 1 L r1/2l 1/3 -2/3-3/2 e +1/2 +1/2|3/4 -1/4
x L1 -1/2] 1 / x
3 2 L.—/I—I 3 2 I +5/2] 5/2 3/2 +1/2 -1/2 1
L2t 12 42 sz 1 )37z 4372 -1/2 +1/2 -1
1/3 2/3 1 +3/2 0| 2/5 3/sf 5/2 3/2 1/2

1/ ZI
1/4 -3/44-2

+1 +1{2/3 -1/3 +1 +1/2 +1| 3/5 -2/581/2 +1/2 +1/2
ey +2 -1[1/15 1/3 3/5 +3/2 -1[1/10 2/5 1/2 |-3/z -l/zl 1'
1 x 113 +1 0[8/15 1/6 -3/1003 2 +1/2 0 1/15 -1/3f 5/2
0+1|6/15-1/2 1/10f 0 0 -1/2 +1|3/10 -8/15 1/6f-1/2 -1/2
Lltll 1§+1 Tl -1]1/5 1/2 3/10 +1/2 -1]3/10 8/15
+1 of1/2 1/202 1 0 o{3/5 0o -2/5 302 1 -1/2 o|3/5 -1/15 -1/3f 5/2 3/2
o+1l1/2 -1/200 o -1+1{1/5-1/2 3/10f -1 -1 -1 -3/2 +1]1/10 -2/5 -3/2 -3/2

Yl-m = (-1)

d, =™

m ,m

1/6 1/2

0 o[2/3 0 -1/3

1/6 -1/2

-1

1 -1

0

0 -116/15 1/2 1/10
8/15-1/6 -3/10
-2 +11/15-1/3 3/5

m, m'

m3 -1

£

o

2 x 3/2‘ 72

+7/2 /2 5/2)
+2+3/2| 1 §+5/2 +5/2]

-m, -

3/2 -3/

+3 3 2

3/5 2/sf 5/2

1/24 2 -1 -1
1/2 -1/2§-2 -2 0
- -1l — .
I3 _ 4 m -imdé
Im,0 Nz Yy

2 2/5 -3/5§-5/2
-2 N3z -1 1
1/34 3
1/3-2/34-3 (jijzmimz]jijz.T M)
N-2 -1l 1 3

I+3/2+3/2 | 1 Q+2  +2

=(-1)

-
2, . o
(Jpigmymyli iy M

1/2 __8
4472, 1/2 = €057

+2 +1/2
+1 +3/2

3/7 4/7

/2 5/2  3/2
4/7 -3/7

+3/2 +3/2 +3/2

2> 21

+2+2[1Q+3

2 -1/2

1/7 16/35 2/5
+1 1/2

41 1/35 -2/5f /2
2/7 -18/35 1/5Q +1/2

+3/2 +1/2| 1/2 1/2 2 1 1
+1/2 +3/2) 1/2 -1/2 +1 4+ a;
+3/2 -1/2 1/2  3/10
+1/2 +1/2 0 -2/5 3
-1/2 +3/2|1/5 -1/2 3/10f ©

5/2  3/2 1/2
+1/2 +1/2 +1/2

+2-3/2| 1/35 6/35 2/5
+1 -1/2| 12/35 5/14 0  -3/10

2/5

+3/2 -3/2 [1/20
+1/2 -1/2 19/20
-1/2 +1/2 |9/20 -1/4 -1/20
-3/2 +3/2 |1/20 -1/4 9/20 -1/4

sne

my

ol -
’ N2

1 _1-cosb
d1,—1‘ 2

2 1 1
-1 -1 00

1/5 1/2 3/10
2 +1 [1/2 1/2 32 0 1/2]18/35 -3/35 -1/5 1/5 5/2  3/2 1/2 3/5 é _245 ER
+1 42 |1/2 -1/2 +2 42 -1 3/2| 4/35-27/70 2/5 -1/10 -1/2  -1/2 -1/2 1/5 -1/2 3/10§ -2 -2
+2 0 |3/14 1/2 2/7 +1 -3/2 | 4/3527/70 2/5 1/10
-1/2 -3/2 |1/2 1/2] 3
101 | 4/7 0 -3/7 32 1 0 -1/2 |18/35 3/35 -4/5 -1/5 -3;2 _Jz 1?2 -1?2 -3
0 2 |[3/14 -1/2 2/7 +1 41 +1 -1 1/2 |12/35 -5/14 0  3/10
e 510 37 i) -2 3/2 | 1/35 -6/35 2/5 -2/5 L3/2 -3/2] 1
b1 0 1/5 -1/14 -3/10 0 -3/2
3/2 _ 1+cos@ 0 0 1 -1/5 -1/14 3/10f 4 3 2 1 -1 -1/2 7/2  5/2
d4372,3/2 = — 72— c°sz Q-4 2 |1/14 -3/10 3/7 -1/5 § O 0 0 0 -2 1/2 -5/2 -5/2
> N2 -2 [1/70 1/10 2/7  2/5 4/7  3/14 /2
d3/2 N 1fc0505.‘n§ d2 1+ cos6 +1 -1 | 8/35 2/5 1/14 -1/10 -1/5 - 3/7 -4/78-7/2
3/2,1/2 2 Z 2,2 o O {18/35 0 -2/7 0
-1 1| 8/35-2/5 1/14 1/10 -1/50 4 3 2 | P
d3/2 N§1-cosﬂcosﬁ dZ __1+cos® sind -2 2 |1/70-1/10 2/7 -2/5 -1 -1 -1
3/2,4/2° 2 2 2,1 2 1/14 3/10 3/7
) Ve 3?7 1/5 -1714 -3/10
32 __1-cosf _. B 2 6 . 2 2 _1icosh _ 3/7 -1/5 -1/14 3/10 2
32, o322 =~z sing 0 7 sin’® dy =77 (2cosb-1) 1/14 -3/10 3/7 -2
y , 5 2/7
2 _3cosf-1 0 2 __1-cosf . d :—-‘/: sin@ cos@ -3/74 4 3
di/Z, 125 cosy dZ,-i —s—s8inf 10 > 3/14 -1/2 2/7Q-3 -3
2 -1 -2 [1/2 1/2] 4
3/2 _ 3cosfH+1_. 6 2 1-cosf 2 _1-cosf 0+1 = 2 L -2 -1 |1/2 -1/2}-4
d1/2,4/2 - siny dZ,-Z ) di,—i == (2 cos ) 00 =\ 7z cos 6 - / /

-2 -2 |1

Sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The Theory of
Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957),

and Cohen (Tables of the Clebsch-Gordan Coefficients

North American Rockwell Science Center, Thousand Oaks, Calif,, 1974). The

signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL. (Table
extended April 1974.)
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SU(3) ISOSCALAR FACTORS

The most commonly used isoscalar factors, corresponding to
the singlet, octet, and decuplet content of 8 ® 8 and 10 ® 8, are
displayed at the right. The notation uses particles names to
identify the coefficients, so that the pattern of relative couplings
can be seen at a glahce. We illustrate the use of the coefficients
by example; see J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) for
detailed explanation and phase conventions. i

AV is. understood over every integer in the matrices; the
exponent »15 is a reminder of this. For example, in de Swart's
notation the £ + 0K element of our 10 > 10 ® 8 matrix reads

10 8 10 _ =6
o -2 S 1% -1 oY
Intra-multiplet relative decay strengths can be read directly

from our matrices. Thus, the partial widths for A* +(NN)I=3/2 and
QF > (EK) ;o are in the ratio

* [
r@* > =0 ) 12
[ A < (threshold factors) .

*
r(a* > (N‘n)I=3/2)
Supplying iséspin Clebsch-Gordan coefficients one obtains, e.g.,

r@*” - %) _ 2 12
,n.U

3
X = X tf = = X tf .
rart > pn®) 2/3 6 2

Partial widths for 8 > 8 ® 8 involve a linear superposition of 8
(symmetric) and 8, (anti-symmetric) couplings. For example,

2
- = 9
T(E*>3m) . ~ <—\/Egl+\/%g2> .

The relation between g3, g (with de Swart's normalization) and
the standard D,F couplings appearing in the interaction Lagrangian,

1

£ = -v2p e ([B,Bl, M) + VZ F ([B,B]_m) ,

is
V30 V6
D = — g ’ F = ——g -
40 1 24 °2
Thus,

F(E* » Em) ~ (1 - 20)2

where o = D/(D+F).

1+ 8® 8
(), — (NK Im An EK) = 1 2 3 -1 -2 )}5
1 8®8 g
8,>8®8
: %
N NT Nn IK AK 9 -1 -9 -1
T NK Im Am En EK 1 -6 0 4 4 -6
— = = —
A NK Im An EK V20 2 -12 -4 =2
=) 8 IXx AK Em En s® 8 9 - -9 -1
8,7>8®8 ’
- 2 \%
N NT Nn ZIK AK 3 3 3 3
L —, (MK EIm Am o In Ek) _ 1 2 8 0 0 -2
A NK Im An Ek V12 6 0 0 6
g K AK Em E 3 3 3 -3
g 82 IK AK Em En s ® 8
10 >8® 8 ’
%
A N ZK -6 6 N
z — NK Im AT In EK _ 1 -2 2 -3 3 2
g YK AR Em En Viz 3 -3 3 3
EK 12
210 =K 8® 8
8 > 10® 8
N Am o IK -12 3 %
T AR EIm In EK N 8 -2 -3 2
—_— - =
A B Im EK vis 9 6
E B E 3 -3 -3 6
E/g ZK Em En 0K 10® 8
10> 10® 8
A Am An IK 15 3 -6 5
b AR Em En EK N 8 8 o0 -8
= - K Em En 0K RV R R
e 12 -12

SU(n) Multiplicities

The table below gives the multiplicities of the multiplets
that occur in qg, ggq, and gggq systems in various SU(n). Normal
mesons are gg systems, and normal baryons are qqq systems. Also
given are the multiplets that occur in meson-baryon scattering when
the meson multiplet is the one to which the pion belongs and the

aq

SU(2): 2®2 > 3@ 1

SU(3): 3®3 > 6@3

SU(4): 4®4 > 10@6

SU(n): n®n > n(n+l)/2 @ n(n-1)/2
qq (Mesons)

SU(2): 2®2 > 3@1

SU(3): 3®3 - 8®@1

SU(4): 4®34 > 15@ 1

SU(n): n®A > (n2-1) @1
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baryon multiplet is the one to which the proton belongs.
conjugate representations are indicated by a bar. The two
20-dimensional representations of SU(4) are indicated as 20 (which
contains the SU(3) decuplet) and 20' (which contains the SU(3)

Complex—

octet). The C(N,M)'s are the binomial coefficients N!/[M! (N-M)!].
qqq (Baryons)
SU(2): 2@2®2 > 40292
SU(3): 3®3@®3 > 10988181 _
SU(4): 4®@4®@4 > 200200920' @ 4
SU(n): n®n®n > C(n+2,3) ® 2C(n+l,3)
® 2C(n+1,3) ® C(n,3)
Meson-Baryon Scattering
SU(2): 3®2 > 4@2 _
SU(3): 8®8 >+ 27®10® 10 8@ 81
SU(4): 15 ® 20° —~ 140 @ 60 @ 36 @ 20 @ 20' & 20' @ 2
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PROBABILITY AND STATISTICS

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS

We give here properties of the three probability distributions
most commonly used in high energy physics: Normal (or
Gaussian), Chi-squared, and Poisson. We warn the reader that
there is no universal convention for the term " confidence level"

as used by physicists; thus, explicit definitions are given for
each distribution, and we have attempted to choose definitions
that correspond to common usage. It is explained below how

confidence levels for all three distributions can be extracted

from the following figure.

x2 Confidence Level vs. x2 for np Degrees of Freedom
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x2 (or X2 x100 for——)

A.1. Normal Distribution

The normal distribution with mean X and standard deviation ¢

(variance g¢) is: ) 5
Plo)ax = —L— o~x-R)7/20%,, 1)
NZmo

The confidence level associated with an observed deviation from
the mean, 0, is the probability that |x-x|> &, i.e.,

P

CL =2 dx P(x)
X+b

(2)

-20- -0 0 o 20

[ The small figure in Eq. (2) is drawn with § = 20.] CL is given
by the ordinate of the ny = 1 curve in the figure at X2= (6/0)2.
The confidence level for & = 10 is 31.7%; 20, 4.6%; 30, 0.3%.
The central confidence interval, 1-CL, (which is also some-
times called confidence level) for & = 1¢ is 68.3%; 20, 95.4%:;
36, 99.7%. The odds against exceeding &, (1-CL)/CL, for

6 = 10 are 2.15:1; 20, 21:1; 30, 370:1; 40, 16,000:1; 50,
1,700,000:1. Relations between ¢ and other measures of the
width: probable error (CL = 0.5 deviation) = 0.670 ; mean ab-
solute deviation = 0.80 0 ; RMS deviation = ¢ ; half width at half
maximum = 1.18¢.

A.2. Chi-squared Distribution

The chi-squared distribution for ng degrees of freedom is:
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) 2
2 2 1 2h-1 - 2 2 2
P, (x9ax = e (XX 7ax? x*=0), (3)
D 27T (h)
where h (for "half'') =n /2. The mean and variance are np
and ZnD, respectively. 1?1 evaluating Eq. (3) one ma\(hlj§7z)x

Stirling's approximation: I'(h) = (h-1)!= 2.507 e-hn

(1 + 0.0833/h) which is accurate to = 0.1% for all h= 1/2. The
confidence level associated with a given value of np and an ob-
served value of x ¢ is the probability of chi-squared exceeding
the observed value, i.e.,

Pag

° 2 2
CL = d P (x") (4)
f 5 P

o] 5 10 15
[ The small figure in Eq. (4) is drawn withn =5 and CL=10%.]
CL is plotted as a function of XZ for several values of n in the
above figure. For large np, XZ becomes normally distributed
about npy. Thus, ———

2
vy = &° - np)/N2ng (5)
becomes normally distributed with unit standard deviation. A
better approximation, due to Fisher, ! is that x, not x 2, becomes
normally distributed, specifically
Yy = '\IZXZ - ZnD-’l (6)

approaches normality with unit standard deviation. For small
CL's in particular, yp is much more accurate than y4. Thus,
for np = 50 and x 2 = 80, the true CL = 0.45%, but y4 is 3.0 cor-
responding to a CL of 0.13% , while y, is 2.7 corresponding to a
CL of 0.35%.
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A.3. Poisson Distribution

The Poisson distribution with mean 1 is:

-() - \n .
pom =™ w02, | 7
The variance is equal to the mean. Confidence levels for Poisson
distributions are usually defined in terms of quantities called
""upper limits" as follows: The confidence level associated with
a given upper limit N and an observed value njy of n is the proba-
bility that n > ng if @ = N, i.e.,

o CcL
CL = Z ‘P (n) f
n=n_.+1 N
0
n, 1-CL
=1- = Py) — (8)
n=0 Py
' I Ly f Ly f n
[0} 4 N 8 12

[ The small figure in Eq. (8) is drawn with ny =2 and CL = 90%. ]
A useful relation between Poisson and chi-squared confidence
levels allows one to look up this quantity on the above figure.
Specifically, the quantitg 1-CL is given by the ordinate of the

np = Z(n0+1) curve at x “ = 2N. Thus, 90% confidence level up-
per limits for ng = 0, 1, and 2 are given by half the XZ value cor-
responding to an ordinate of 0.1 on the ny = 2,4, and 6 curves,
respectively; the values are N = 2.3, 3.9, and 5.3.

Tables of confidence levels for all three of these distributions,
the relation between Poisson and chi-squared confidence levels,
and numerous other useful tables and relations may be found in
Ref. 2.

B. STATISTICS

We consider here the situation in which one is presented with N
independent data, y, 0y, and it is desired to make some
inference about the '"true" value of the quantity represented by
these data. For this purpose we interpret each datum Yn @8 2
single sample point drawn randomly (and independently of the
other data) from a distribution having mean ¥, (which we wish to
estimate) and variance 02. (Identification of 1t”he true o, with the
On datum is an approximation which may become seriously inac-
curate when 0, is an appreciable fraction of y,.) Some methods
of estimation commonly used in high energy physics are given
below; see Ref. 3 for numerous applications. Section B.1. deals
with the case in which all ¥, are the same, e.g., several differ-
ent measurements of the same quantity; Sec. B.2. deals with the
case in which ¥, = ¥(x,), where x,, represents some set of inde-
pendent variables, e.g., cross-section measurements at various
values of energy and angle, x, ={E,, 0,}.

B.1. Single Mean and Variance Estimates

(1) If the y, represent a set of values all supposedly drawn from
a single distribution with mean ¥ and variance 0° (i. e., the o, are
all the same, but their common value is unknown) then

1

e " N&EVn 20d (9)
2 _ 1 -2 _ N (=) _ =
O NI EVn T = w3 [<y2)e ye} (10)

are unbiased estimates of ¥ and 02. The variance of §_ is GZ/N.
If the parent distribution is normal and N is large, the variance of
02 is 20%/N.

(2) If the Vn 21l have the common value ¥ and the 0, are known,
then the weighted average

_ 1
Ve W & ¥nVn’ (1)
where w_ = 1/02 and w =Z w,, is an appropriate unbiased esti-

mate of ¥ This choice of weighting factors in Eq. (11) minimizes
the variance of the estimate; the variance is 1/w.

B.2. Linear Least Squares Fit

A least squares fit of the function y(x) = Z; a; fj(x) to independent
data yn * 0, at points x,) (e.g., a Legendre fit in which the f; are
Legendre polynomials and the aj are Legendre coefficients) gives
the following estimates of the parameters a;:
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2
= . 12
%e,i = §Zn Vij f05n) Vn/%% @2)

Here V is the covariance matrix of the fitted parameters

V..=(a_,-3a_ .)(a, .-3a_.), (13)

which is given by

-1 _ 2
v )ij =% § (xn)fj (xn)/an . (14)
The variance of an interpolated or extrapolated value of y at point

X, Ve :Eae,ifi(x)’ is:

=2 _ :
e = ¥)7 =2 V£ (af(x) . (15)

ij -
For the case of a straight line fit, y(x) = a + bx, one obtains the
following estimates of a and b,

a =(S S _-S_S_)/D,
e Vv XX X Xy (16)
b, =5, Sey - Sk Sy)/D,
where
5,,5.,5,5_,S._ _=x(,x %2 ) o? 17
17 "x’ Uy’ Txx’ Pxy P Xnt Yn? Fn? ¥p ¥/’ a7
D=s,5 _ -82.
1xx x
The covariance matrix of the fitted parameters is:
Vaa Vab Sex “S¢
=4 (18)
Vab Vbb/ P\ 5 Sy

The variance of an interpolated or extrapolated value of y at point
x is:

—_— S S
- 2 1
We =¥ = 5,* 5 <x- §’f> 9

C. ERROR PROPAGATION

We consider here the situation in which one wishes to calculate
the value and error of a function of some other quantities with
errors, e.g., in a Monte Carlo program. Let {y} be a set of
random variables with means {¥} and covariance matrix V.
Then the mean and variance of a function of these variables are
approximately (to second order in {y-y} ):

T Ly oy 92f 20

~ f({y 2 mn “mn\dy oy {y} ={7}’ .

T = i o ) ) L e
(v} = (%} vy = {7}

E.g., the mean and variance of a function of a single variable
with mean ¥ and variance ¢“ are:

Tx 1) + 508, @22)
¢ - =t m®. : 23)

Note that these equations will usually be applied by substituting
some measured quantities, {y} say, for the true means, {¥}. If,
as is often the case, ¥, - ¥, is of order N Vinn» then there is no
point in keeping the second order terms in Eq. (20) or (22) since
the substitution itself introduces first order errors.

1. R. A. Fisher, Statistical Methods for Research Workers
(Oliver and Boyd, Edinburgh and London, 1958).

2. M. Abramovitz and I. Stegun, eds., Handbook of
Mathematical Functions (National Bureau of Standards,
Applied Mathematics Series, Vol. 55, Washington, 1964).

3. W. T. Eadie, D. Drijard, F. E. James, M. Roos, and
B..Sadoulet, Statistical Methods in Experimental Physics
(North-Holland, Amsterdam and London, 1971).

Revised and expanded April 1974.
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I. BASICS

(a) Lorentz transformations ~- Let E and _;; be the energy and
3-momentum of a particle or system as seen from a certain
inertial frame, and let E* and -[;* be the same quantities as seen
from a second inertial frame that moves with velocity E relative
to the first. Then starred and unstarred quantities are related

by

i) = (2 () -

Py -¥8 v Py -
Here ¥y = (1 - ﬁz)“/z. and subscripts Il and 1 indicate
components of p or 5* that are parallel or perpendicular to B
(often n is used for yB). The inverse transformation is given by
changing 8 to —B. A particle of mass nlat rest in the second
frame, so that it is moving at velocity B relative to the first, has
E* = m and —;;* = 0, so here

- -
E=ym, p= y8m.

In any frame, the energy, momentum, and mass are related by
E2 = p+ m2.

(b) Four momenta; scalar products —— The 4-momentum \_r’ector

of a particle or system having energy E and 3-momentum p is

q = (E,p) = (E, Py, Py: P,) -

Conservation of energy and the components of 3-momentum for
any processa+ b + ... » 1+ 2 + ... may then be written as

qa"'qb"'"' = ql+q2+. .
Although the components of a 4—-momentum are different in
different frames, the scalar product of any two 4-momenta q
and q', defined as :

q-q' = EE' - pp',
is an invariant; i.e., in numerical calculations the same result is
obtained in any frame, and in algebraic calculations results
obtained in different frames may be equated. For a particle of
mass m, the scalar product q-q is

qq = ¢ = E2-p° = m
The invariant mass M (or total c.m. energy) of an n-particle
system is given by

Ea) = (38) - (53)°

where q; = (E;, Pi) is the 4-momentum of the i

2 .

th particle.

(c) Electric and magnetic forces —— In Gaussian cgs units, the
- >
force on a particle with charge q moving with velocity v in
=3 3
electric and magnetic fields E and B is

F = qE+ qfxB,
where _ﬁ. = ;/c. The units are F in dynes, q in esu, Ein
>
statvolts/cm, and B in gauss. In mksa units, the force is
F = qE + qvxB,
where the units are F in newtons (1 N = 10 dynes), q in
coulombs (1 C o 3x10? esu; each 3 in this section is really
> >
2.9979...), Ein volts/m (1 V > 1/309‘stalvolt). and B in te_sJa (1_’T
= 10% G). The force is zero if E and B are at right angles, 8 (or v)
>
is in the direction ExB, and 8 = E/B (cgs) or v = E/B (mksa).

In a uniform, static magnetic field, the path of a charged
particle is a helix of constant radius R ar_l‘d constant pitch angle
A, with the axis of the helix being along B. The momentum is
related to the other quantities by

p cosA 3x1074 qBR ,
where the units (very mixed!) are p in GeV/c, q in multiples of
the electronic charge e, B in kG, and R in cm. The angular
velocity about the axis of the helix is

w ~ 3x1074 qB/ym ,
where the units are w in rad/sec, q in multiples of the
electronic charge e, B in kG, and the energy ym in GeV.
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II. DECAYS

(a) Survival probabilities —— Let a particle have mass m and
proper mean life 7. In a frame in which its 4—-momentum is
(E, p), the probability that it survives a time greater than t
before decaying is

Prob.(>t) = exp(-t/r7g)
The probability that it goes a distance greater than x before
decaying is

Prob.(>x) exp(-x/yBcTy) = exp(-mx/pcTy) ;
values of ¢7q (in cm) are given in the Stable Particle Table. If
the particle has charge te and is in a uniform magnetic field B
[see I(c)], then the probability that _the projection of its helical
path on the plane perpendicular to B turns through an angle
greater than 6 before decaying is

" Prob.(>8) exp(-Cm8/B7y) ,

where, if m'is in GeV, 6 in deg, B in kG, and 7y in sec, then C is
numerically 1.942x1072. This last distribution is independent of
p or the helical pitch angle A; its only dependence is geometrical.

exp(-mt/ETp) .

(b) Two-body decays —— A particle of mass m decays into two
particles, masses m; and m,. In the rest frame of m, the
energies of m; and m,; are

€ = (m?+ mf— m3)/2m
€2 = (m®+ m3~ m3)/2m .

In this frame, the 3-momenta of m, and m; are equal and
opposite and of magnitude

k (3 - mz)‘/2 = (e - vﬂ%)l/2

$lm® = (m; + my)?] [m? - (my - m2)2]}1/2/2m .
See also the third paragraph of III(b).

(c) Three-body decays —— A particle of mass m decays into
three particles, masses my, m3, and m3. The invariant masses
m;; of the 2-particle systems, where ms = (q; + qj)z, satisfy
the relation

mf; + m¥;+ m3; = m®+ m}+ md+md,

so that only two of the three m,l s are independent. In a
rectangular Dalitz plot, m13 (say) is plotted against m12 The
kinematic boundaries may be calculated as follows: (i) The lower
and upper limits on m%, are (my + m3)? and (m - m3)2. (ii) For
any m$, between these limits, the lower and upper limits on m%
are given by taking the + and - signs in

mfg = (Ey + [‘13)2 ~(py ¢ Pj)z ,
where

E; = (mf; + mf - m3)/2m,,

E3 = (m? - m}; - m3)/2m,,

P = (Ef - mpl/

p3 = (E§- md1/2,
(These are the energies and momenta of particles 1 and 3 in the
rest frame of my,.) The phase-space density is uniform over
the areas of both the above and the following form of the Dalitz
plot.

In a triangular Dalitz plot, the kinetic energies T, T, and Ty
of the final-state particles in the rest frame of m are plotted as
the distances inward from the sides of an equilateral triangle
whose altitude is the energy Q released by the decay:

Q=T +Ta+T3 = m-my; -mp-mj.
The kinetic energies are related to the 2-particle invariant
masses by

2mT; = (m - m;)? - m%; = (MIP*? - m%;,
etc.
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(d) Four-body decays —— A particle of mass m decays into four
particles, masses m;, my, m3, and my. In a triangle (or
Goldhaber) plot, the invariant mass of two of the particles is
plotted agalnst that of the other two, say m3,4 versus m,,, where
mu (q; + qJ) . The kinematic boundaries of this plot are the
sides of the triangle whose vertices are at the points (m,;, ms,)

= (m, + mp, m3+my), (my + my, m-m; - my), and (m - m3-my,
m3+ my). The phase—space density is not uniform over the
enclosed area.

III. REACTIONS (MAINLY 2-BODY)
(a) Initial state —— Two particles, masses m,; and m;, interact.
In the lab frame, where particle 2 is at rest, the 4-momenta are
(Eq, Pl) and (mp, 0). In the c.m. frame, where the 3-momenta
are equal and opposite, the 4-momenta are (e, k) and
(2, —k). Then the total c.m. energy £ is given by
E? = (e; +¢€3)° = m{+ md+2Em,.
The c.m. energies of particles 1 and 2 are
(m? + E;my)/E = (E%+ mi - m3)/2E
ez = (m3+ Emy)/E (E% + m3 - m})/2E .
The c.m. momentum Kk is
k = pymy/E .
See also the expression in II(b) for k, in which replace m with E.

€

The velocity of the c.m. relative to the lab is
B = P1/(E| +my) .
The parameters for the Lorentz transformation between these
frames [see I(a)] are
vy = (E{ + mp)/E
and
8 = py/E.

(b) Two-body final states —— In the reaction 1 + 2 > 3 + 4, let
the masses be m; and the final-state c.m. 4-momenta be
(€3, K ) and (ey4, -k ). Then

(E2 + m3 m3)/RE

€3 =
€y = (E2 + m§ - md)/2E;

and
k' = (e:z; - m%)’/2 = (53 - m,%)v2

]

{IE? - (m3 + my)?] [E2 - (mj - m2}}/%/2E .

Let Olbe the lab production angle of particle 3 (the angle
between p3 and pl). and let 63 be the c.m. production anglc (the
angle between k' and k) These angles are related by

_ Pa _ sin 63
tan @3 = B3 = J(cos 6, ¢ B/By

where p3; and p3y are the components of p3 perpendicular and
parallel to pl. and B3 = k'/e3 is the c.m. velocity of particle 3.

[See III(a) for ¥ and B.] If B > B3, then particle 3 can only go

forward in the lab, the maximum 63 being given'by

_ﬁZ 1/2
(7o 73 )"

The components of p3 satisfy

P — 7Be3 P31
Tk
which is the equation of an ellipse with semi—major axis yk' and
semi-minor axis k'. Thus the possible lab momenta of particle 3

are the vectors to the ellipse from the point a distance yfe;3
back along the major axis from the center of the ellipse.

tan 8% =
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The results of the preceding paragraph also apply to 2-body
decay. Just set m; = 0, in which case £ = m,. [The decay-
product masses are here m3 and m4, not m; and m; as in 1I(b).]

The Mandelstam variables s, t, and u are the Lorentz scalars

-defined in terms of the particle 4-momenta q; as

s = (q+ 2% = (a3 + qq)?

t = (qy - q3)® = (qz - q)?

u = (q; - q% = (92 - q3)%.
They satisfy the relation

2

s+t+u = mj 2 2 2

+ m5+ m§+mg,
so that only two of the three are independent. Evaluating s in
the c.m. frame gives
s = (e, +e3)% = E?,
and evaluating t and u, the 4-momentum-transfer-squared
variables, in this frame gives
t = mf$+ m% - 2ee3 + 2Kk’ cos 65
= tg - 4kk' sin(63/2)
u = m$+ m3 - ey + 2kk' cos 8
= ug - 4kk' sin%(8,/2) ,
where 8, is the c.m. production angle of particle 4 (85 + 8, = m),
and
to = t(63=0) = (e, — €3)° - (k — k')?
up = u(fy=0) = (e - €)% - (k - k2.
The differences At = tg - t, and Au = up — u,, where t, = t(63 =
n) and u, = u(84 = n), are
At = Au = 4kk'.
For elastic scattering, where m; = m3 = m and mz = my = M,
to is zero and

t = —2k%(1 - cos 83) = -4k®sin%(8/2) .
And now
(m? - M3)3/s .
Evaluatirig t in the lab frame gives
t = -2MT,, ‘

where T, = E4 — M is the lab kinetic energy of particle 4. For
small-angle elastic scattering,

(-2 = k63 ~ p,;8; ~ pg,,
where py, 63, and p4 are lab quantities.

IV. OTHER VARIABLES
(a) Rapidity —~ For a system of energy E and momentum B. the

~rapidity y is given by

_1 E+p, —1f Pu E+p,
y = 2ln(E_Pl) = tanh (f) = In ™, N
where p, is the component of —;; along a particular axis (the
"rapidity axis", chosen, for example parallel to the direction of
an incoming beam), and m; = (m? + pa)l/2 Inverting these
equations, we find

E = m,coshy

py = m; sinhy.
The shape of a rapidity distribution is invariant under a Lorentz
transformation between inertial frames with relative motion
parallel to the rapidity axis. Such a transformation is given by

* _ - L (28

y' = y-taly (148)] = y- 5in( 1=5
where the sign of B is positive in the direction of increasing
rapidity and py.
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RELATIVISTIC KINEMATICS (Cont'd)

(b) Scaling variable, hadron reactions —— In the inclusive
reaction h + 2 » 3 + X, with h any hadron, Feynman's x for
particle 3 is defined as

x = k'y/K'max »
where k' is the c.m. momentum of particle 3. k'y .4 is obtained
[see Sec. III(b)] using the smallest mass my [called m4 in ITI(b)]
consistent with quantum conservation laws. At high energies,
~Vs/2. Rapidity and x are related at large Vs by

.
k max

sinh y*,

2m;
X o>
Vs
where y* is evaluated in the c.m.

(c) Scaling variables, lepton reactions —— For the inclusive
reaction £ + 2 » I' + X, with particles ¢ and /' leptons, we define
the 4-vector .

q = (P - Py)
so that
Q% = -q2® = RE[E, - 2lpllpyl cos 8 - m§ - m7 2o

where @ is the L - {' scattering angle, and the preceding relation

Q%, v, and W are Lorentz invariants, and the notation "LAB"
refers to the reference frame with particle 2 at rest. (Note: v is
sometimes written v = pyeq, leading to the replacement of myv
with v throughout.)

Scaling variables in common use include

x = ol = Q¥/2mur , 0 x <1
and

y = mav/pyepr =[(E;—Ep)/Ey laB » osfys<t.
Both x and y are dimensionless. :

Cross sections for inclusive reactions in the energy region
where masses are negligible can be written in terms of E, and
certain pairs of these variables, usually Qz and v, x and y, or Q2
and x. If, in any frame, IB;HP;J = E;Ep and
EEp sin® (8/2) >> m% and m3 (i.e., m;, m, small), then

Q% ~ 4E,E, sin?(8/2)
and
2E,E, sin? (6/2)
X > 7/ mgw -

1.Inequ‘ality sometimes violated unless my 2 m; and my 2 m,.

is valid in any frame. Also useful are

v = pprq/my =[E;-Eplap = [Ex-mzls

and

W = Vpg = (-Q% +2myv + m3)V2 = my .

LORENTZ INVARIANT PHASE SPACE FORMULAE

For a system of n particles with overall four-momentum p and final four momenta Pyt pn[pi = (Ei,ﬁi)] ,

Lorentz Invariant Phase Space is given by

3 =
_ 4 .4 = 1 3 d Pi
4 LIPS(s3py, - 0py) = @M 800 -2 p) —t— ot (1)
(2m) i
- 1 4 4 1 ﬁgml cm
For 2-body: dLIPS(s,p,,p,) = — 8§ (p-p,-p,) d"p ——— - ()
1752 (2_”)2 1 v2 NS 1
For 3-body: d LIPS(s )= —2 8% (pop,-p,-py)dtp —— ds,, ds,.dadcospd (3)
v 'P12Pp0P3 e P=P1"PpP3)e P 7335 985429523 Yo
where @, 8, and y are Euler angles.
For a + b - n particles or X = n particles, in general 11) g ‘f},
= A 2 .
o = qF | | Mygl” dLIPSGsipg ), “
or
S 2 2.
r= mej | et ]” d LIPS(my; pya- - 0py)s (5)
where Mif is an invariant matrix element. F is M;éller's invariant flux factor, FZ = (pa‘ pb)2 - mimé If a

is beam, b, target (ﬁéab= 0), then F = |ﬁ1:b \mb = | ﬁ:m |~f§

For elastic scattering in c. m., ]T:’»;m ‘ = |§§m | , and (2) and (4) yield
do _ M '2 do |t
I 5~ °F = . (6)
(8m)"s

2
64 l pem | s
a
The normalization is such that the optical theorem reads

Im M|t=0=zl'P’:m\'\/'§cm (7)

¢

The choice of Eq. (1) implies a particular normalization of any spinors that may occur in M. The advantage

of this normalization is that it greatly simplifies the structure of o by putting factors such as 3 SE
(2m)
into the phase space where they really belong. In addition, the labels, i,f, refer to specific spin (helicity)

states, so that the usual ''average and sum!'' rule is implicit.

Rev. Mod. Phys., Vol. 52, No. 2, Part I, April 1980
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WEAK INTERACTIONS OF QUARKS AND LEPTONS

. " 2, . N
The "standard" SU(2) & U(1) modell' is described here for six The effective Lagrangian for exchange of W and 2z between two
q\farks and six leptons in left-handed doublets of SU(Z)weak and currents reduces at low g to
right-handed singlets of SU(2),,,x (T3 = third component of weak +
isospin): 2
. Loeor = - 4(JC“J§ + 2pJN°‘J§)
weal N
v V, V. u c t
e H T ; 2 2
) with G/\/—f = TTDL/(2M$JSJ.n29w), o = ez/(ll‘!T), and p = MEJ/(MZcos SW).
Ty =-1/2 e u T 4 a’ s' )Y Assuming the simplest Higgs structure, p=1, and the W and Z masses
L L L L L are related by MZ=Mw/cos€)w. Currently reported values of the weak
interaction parameters are
T=T, =0 - - - =
3 e u e ug dg °x Sp tr by - [cosB | = 0.9737 * 0.0025
Ref. 3 i
- i - n
Mixing occurs between quarks d, s, b of charge -1/3 (by \Slnel cos@B' 0.219 * 0.011
convention the charge 2/3 quarks, u, c, t, are unmixed) and is
expressed by the Kobayashi-Maskaw: KM ixi i x2
P Y y a (KM) mixing matrix |Singl Si“eg‘ = 0.06 £ 0.06 Refs. 3,4 ;
a' c syC
1 1=3 $1°3 d 6, and 6§ not determined without Ref. 5 .
' = - is ié additional theoretical input - ’
s s,¢y ©,C,C3+5,5,@ ©1€,S375,C5e s , s 5
. _ ~ id is | G =G, = (1.16632 * 0.00004) x 10 ~ GeV } Refs. 2,6 ;
b S8, €18,C3C, 858 €18,83%c,cqe b H
sin ew ='0.218 £0.025, p = 0.985%* 0.026
where cj =cos 8., s; =sin 0;, i=1,2,3. In the limit 0,=63=6=0, N Ref. 7
this reduces to the usual Cabibbo mixing with 91 the Cabibbo angle. sin Bw = 0.228%0.010, p = 1 (fixed)

The inte tion L i i :
rae n Lagrangian is The resulting mass estimates for w' and z are My = 37.3 GeV/sanw

= 78.1 * 1.7 GeV, and M, = 88.9 * 1.4 GeV, where the numerical

1 (WHX Js +w e J;:T)] values are obtained using the simplest Higgs structure (p=1).

o
C e e[A J:'“ + sinelco 5 za;rz +
s
W w V2 sin

Lepton-Nucleon Inclusive Scattering

Here Oy is the weak mixing angle in the relations

0

= 2 + i : . . N
W cosew AslnSw For reactions £+N - &'+X, differential cross sections can be
written using several choices of independent variables. These are
B = —Zsinew + Acosew related by
which relate the physical fields A (photon) and Z (neutral weak a2o. P a 2“MEiy' a3c
gauge boson) to W' (Su(2) x partner of W' and W”) and B (U(1) = 2ME,y = 2MEg;x =
X wea. N . dxdy 27 qvao2 27 axao? O AaNaE,,
gauge field). The charged current is written vag *dQ IPLI |Pg{vl 2
- - 2m MERy dzc
€ KM 4 = = 39
c - - - A-vg) - L (1-vg) Eg, aRdE,
g = Gg 9y 9 vy —3 W)+ @EE)|Y, —5 || mixing |{ s
- matrix b where V, Qz, x, and y are defined in the §elativistic
Kinematics section IV(c), Eg, EJL and Eg:, pg: are the incident
and outgoing lepton lab energies and momenta, and M is the
i.e., V-A structure. The neutral current is written target nucleon mass.
v,
N - 1 (1-Yg) € Structure Funct:ionss'9
I = O Wy V) |5 Y —5 ‘
For charged current (C.C.) and neutral current (N.C.)
e reactions, we have
- - - 1 (a-vs) 2
+(euT) -5y, —5— +sin" 8, u
2 o 2 w ‘o \,(\—)) GZME _
T AR 2 (1 oy - ) B (o 0?)
u dxdy -rr YT, ) T2 4
(1-Yg)
- == 1 5 2 .2 2 3 2 5
+ (Gect) [5 Yo —5— - 3 sin“0, Yy || © . 12_ 2xF‘l’(")(x,Q7‘) i( i y_z) xF;(v)(x'Qz)] ,
t
- - 1 (1—Y5) 1 2 d where the upper and lower signs refer to. V and V scattering,
+ (s b) -3 Yo —5 +3 sin ew Yo s ’ . respectively, and F3 is defined as a positive quantity.
The other common structure functions Wj are related by
MWy = Fq, VW, = Fy, and. VW3 = -F3. For electron and

; L 2 2427 (02)2
where for fermion £ the coupling [F;] has a V-A term depending on muon scattering, F3=0, and G? is replaced by 8T°0%/(Q e

Tg and a vector term depending on charge Qg:

(1-v¢)
£ £ 5 L2
.[I‘a] = [’r3 Yo T3 - Q¢ sin Sw Ym]'

Rev. Mod. Phys., Vol. 52, No. 2, Part |1, April 1980
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WEAK INTERACTIONS OF QUARKS AND LEPTONS (Cont'd)

The ratio of the longitudinally to transversely polarized
photon absorption cross section is

[¢] 2,2
Ro= B o L e (6,07 - 2x (x,0%) + B m (x,02) |
T 2xF, (x,0%) e

To compare with the parton-model predictions below, we write
for Eg >> M: :

2 Vv(V)  G°ME - - I -
d%o _ 2l vv) v(v)) 1,2 ( V) T N(v))
andy = - 3 (fo.‘l + xE‘3 + > (1-y) 2XFl + x13

oo (59 - 2y ®)],

dxdy 2.2 2

2
2. e,u 8M0 ME _ 2
d‘o _ 2| 1+ (1-y) ZxFe,u . (l—y)(Fe'u _ 2xFe’u) .
© . 2 .

The Free-Quark-Parton-Model Predictionslo

For this model in the Bjorken limit (Q%, v+« with x fixed),

Fi(x,QZ) > F,(x).8/9 For spin—% qguark partons, we have

2xFy(x) = Fy(x), the Callan-Gross relation. Thus, in this
approximation, R=0 and there is no (l-y) term in the cross section.

2 uN - u X G%ME )
a‘o TR 2
. .C. —_—— = 2 + f_ -
(c.c.) Axdy = x 3 I:fq(x) g -y :|
q

For VN -+ u+x, interchange fq(x) and f=(x) in the formula. Here
f. (x)dx is the number of quarks g in the target nucleon with
momentum fraction x to x+dx. We include f (x) and f@(x) in the
sum only for negative (positive) charged quarks and antiquarks
in V(V) reactions.

32gVN 7 Vx G2ME
® (N.C.)

v (eDH? [fq(x) (1-p? + fa(x)]} ,

and the sum runs over all guarks. Here the neutral-current
coupling is decomposed according to

f9 - 9y (1-yg) bedy (1+Yg)

o L 'a 2 R ‘o 2
with left- and right-handed coupling constants ag and E%. In the
"standard" SU(2) @ U(1l) model

-2 _ 2 2 qa _ .2
e = 'I‘3 Qqsln Gw ’ €r Qq51n 6w

For UN - \_)X, interchange Scé and Eg in the cross-section formula.

2 e, 8maME
o mmy $ . L x5 02LE (0 +£00
q

] Lix (1-y)?
dxdy (Qz)z 2 N

Comparison with earlier structure function formulas gives:

(c.c.) Fy(x) = Zqu:[fq(x) +fc—1(x)],
xF3(x) = 2x§[fq(x) _f§(X)];

Rev. Mod. Phys., Vol. 52, No. 2, Part Il, April 1980

a‘e” T L. 2 ay2 32
i = — 2p°x Ec }(eL) [fq(x) + £5(x) (1-y) ] .

. 2 a,2 q,2
(n.C.) P00 = 2p x%[(eL) + ()] [fq(x)+f§(x)] ,
)y = 20°x YLD - D] [£ 0-£20]
3 P & 1, R q 3 X ’
F\i)(x) = F\i)(X) i
2
(E.M.) Fy(x) = xé:Qq [fq(x) + fa(x)}

In the examples below, u(x), u(x), d(x), d(x), etc., mean
fq (f5) for the individual quark (antiquark) in the proton (for
neutron, interchange u(x) and d(x)). Charm production is taken
into account.

o CORPTHE o oxfato +st0 #0300 +S]
Ip > utx - _
¢ = 2x[ux) + c(x) +dx) +s5(x)]
)P T o oxfao +st0 -GG -E0]
p > +x —
xF;jp H = 2x[u(x) +c(x)-d(x) -s(x)]

Hereafter we neglect small contributions of the s, §, c, c quarks
in the sea.

e For chafgé—syymetric nuclei with gq(x) = u(x) +d(x),
q(x) = u(x) +d(x) ,

VN > U7X v utx = xlax) +qe0]
F2 Fy
VN> X on > utx -
xFy XFy = x[ax) - amx]
4 - -
® sz'up(x) = x|:—9~ (ux) +a(x) + % (ax) +d(x))]
ed . 5 va
0% 15 e,
5
(Ig : average squared charge of u,d quarks)
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PARTICLE DETECTORS, ABSORBERS, AND RANGES*

A. DETECTOR PARAMETERS

In this section we give various parameters for common detectors.
The quoted numbers represent at best an order of magnitude, and
are useful only for preliminary design. A more‘detailed intro-
duction to detectors can be found in "A Consumer's Guide to
Particle Detectors," by ‘D. J. Miller, Rutherford Lab Report
RL-76-072, July 1976.

A.l Scintil%ators: Photon yield = 1Y/100 eV in plastic
scintillator™ and = 1Y/25 eV in Nar.l.,2

A.2 Cerenkov:3 Half-angle ec of cone aperture in terms of
velocity B and index of refraction n:

BC = arc cos (-Bl?) ~ \/2(1 _Bin) .
YA

t t

Therefore, BpYy = 1/V28 +62, where § = n-1. Values of § for
various commonly used gases are given as a function of pressure
and wavelength in Ref. 4; for values at atmospheric pressure,
see the Table of Atomic and Nuclear Properties following.

Threshold velocity: Bt =1/n; Yy

Number of photons N per cm:

_ o _ 1 _ 0 52 1 _ 1
N = C/(l > 2) 2mdv = thf( ) 3 2>27rd\)
Bn BLYe By

~ 500 sinzec/cm (visible spectrum) .

A.3 Photon Collection: In addition to the photon yield, one
should take into account the light collection efficiency
(S10% for typical l-cm-thick scintillator), attenuation
length (¥1 to 4 m for typical scintillators®), and quantum
efficiency of the photomultiplier cathode (S 25%).

A.4 Bubble, Streamer, Wire Chambers:

Resolution Dead

Chamber Type Accuracy (rms) Time Time
Bubble + 751 ~ 1 ms ~1/20 %
Streamer +300p ~ 2 us ~100 ms
Optical spark t200ub ~ 2 us ~ 10 ms
Magnetostrictive

Spark +500u ~ 2 us ~ 10 ms
Proportional >i300uc’d ~50 ns ~200 ns
Drift +£50 to 300 ~2ns® =100 ns

ZMultiple pulsing time.
c6011 for high pressure.
d300u is for 1 mm pitch.
Delay line cathode readout can give *+150u
parallel to anode wire.
For two chambers.
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A.5 Shower Detectors: Typical energy resolutions (FWHM) for
incident electron in the 1 GeV range, E in GeV. For a fixed
number of radiation lengths, FWHM in the last three detectors
would be expected to be proportional to vt for t (= plate
thickness) > 0.2 radiation lengths.

2%

NaI (20 rad. 1engths):7
E1/4

8 -
Lead Glass (14 rad. lengths): _lg_:égi
VE
Lead-Liquid Argon (15.75 rad. lengths):6 RLLR
(42 cells: lead, 2 mm liquid argon, V
lead-G1l0, 2 mm liquid argon)

Lead-Scintillator Sandwich (14 rad. 1engths):9 223
(35 cells: 2 mm lead, VE
12.7 mm scintillator)

Proportional Wire Shower Chamber (17 rad. lengths):lo _40%
(36 cells: 0.474 rad. length type-metal +Al, VE
9.5 mm 80% Ar - 20% CH, gas)

A.6 Proportional Chamber Wire Instability: The limit on the
voltage V for a wire tension T, due to mechanical effects
when the electrostatic repulsion of adjacent wires exceeds
the restoring force of wire tension, is given by

1/2
ST
VoS T

where s, %, and C are the wire spacing, length, and capacitance
per unit length. An approximation to C for_ chamber half-gap t
and wire diameter d (good for s < t) gives

1/2| t s s

< t = =

v £ 59T [SL A n (ﬂd)] ,
where V is in kV, and T is in grams.

A.7 Proportional and Drift Chamber Potentials: Potential
distributions and fields for an array of parallel line charges
q (coul./m) along 2z and located at y =0, x = 0,*a,*2a,...,
can usually be calculated with good accuracy from (MKSA):

Vix,y) = - '4_”?:0 Zn{z][sinZ(Z—x) + sinh® <1az)] ‘ ‘_Y

B. COSMIC RAY FLUXES

.The fluxes of particles of different types depend on the lati-
tude, their energy, and the conditions of measurement. Some
typical sea-level values are given below:

IV flux per unit solid angle about vertical
direction crossing unit horizontal area

S$43

Jl perpendicular componént of total flux crossing
unit horizontal area from above
J2 total flux crossing unit horizontal area
Total Hard Soft
Intensity Component Component
I 1.1x1072 0.8x1072 0.3x107% en 2 sec”! steraa”!
v -2 2 ) -1
Jy 1.8x10 1.3x10 0.5x 10 cm sec
J, 2.4x1072 1.7x1072 0.7%x107% en™? sec”?

Very approximately, about 75% of all particles at
penetrating, and are muons.
sea-level, in a momentum range 700-1100 MeV/c,

sec™1

sterad"l, or ~0.1% of all particles.

The absolute flux of

is

sea-level are

proton§ at
1.5%10

5 -2
cm
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

C. PASSAGE OF PARTICLES THROUGH MATTER

C.1 Energy Loss Rates for Heavy Charged Projectiles: A heavy
projectile (much more massive than an electron) of charge Z;,.e.
incident at speed Bc (B >> 1/137) through a slowing medium,
dissipates energy principally via interactions with the elec-
trons of the medium. The mean rate of_ such energy loss per
unit path length x may be written as:

2

daE _ o pmed Zmed Zinc

ax/, A B
inc med

2,2 2
2m Y B c
e 2 8 (o]
) Zn(f>-8 B med vk

N

where D = 4ﬂNArgmec2 = 0.3070 MeV cm2/g (see Physical and
Numerical Constants Table) .

Here Zméé and Aneq are the charge and mass numbers of the
medium and pp 4 is the mass density of the medium; I, 8§, C, and
V are phenomenological functions. Frequently, the values of §,
C, and v are negligibly small; the parameter I characterizes

the binding of the electrons of the medium. As a rule of thumb,
we may estimate I for an idealized medium as I =~ 16 (Zmed)o‘gev
when Zmed>>l' For realistic media the value of I will vary at
the 10% level from this estimate; for Hy, I= 20.0 eV. We may
approximately treat media which are chemical mixtures or

compounds by computing N
E @)
’
dx Ao \dx n
chemical constituent

with (dE/dx)n appropriate to the nth
(using %&2& as the partial density).

The function § represents the density effect upon the energy
loss rate; it is non-negligible only for highly relativistic
projectiles in dense media. For ultra-relativistic projec-
tiles, § approaches 28&nY + constant, where the value of the
constant depends upon the density of the medium and its chemical
composition.

The function C represents shell corrections to the energy loss
rate. These effects are non-negligible only for projectiles
with speeds not much faster than the speeds of the fastest
electrons bound in the medium.

The function V represents corrections due to higher-order
electrodynamics. These effects become important when Izinc/B'
is comparable to 137. For relativistic unit-charge projectiles,
|v| is of the order of 1%; positively charged projectiles lose

energy more rapidly than do their charge conjugates.” '’

(dE/dx)inc falls rapidly with B until reaching a minimum around
B = 0.9%6 {almost independent of medium), followed by a slow rise.
Because of the density effect, the quantity in square brackets
approaches #nY + constant for large Y.

The value (dE/dx)incﬁx is the mean total energy loss via inter-
actions with electrons of the medium in a layer of thickness Ox.
For any finite &8x, Poisson fluctuations can cause the actual
energy loss to deviate from the mean. For thin layers, the
distribution is broad and skewed, being peaked below (dE/dx){&x,
and having a long tail toward large energg losses. 19 Only for

a very thick layer [(dE/dx)8x >> 2meB2Y2c ] will the distribution
of energy losses become nearly Gaussian. The large fluctuations
of the total energy loss rate from the mean are due to a small
number of collisions with large energy transfers. The fluctua-
tions are greatly reduced for the so-called restricted energy
loss rate, described in section C.3.
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C.2 Energetic Knock-On Electrons: For a spinless point-charge
projectile, the production of high energy (kinetic energy T >>I)
electrons is given by (neglecting the spin of the electron):

2
dN - ;é b Zmed _Zinc 1
dTdx Amed B Prea 72

2:2 2
ZmQS Y ¢
for I<TS<T ;T = B
max max me m, 2
1+2y +
, Mine Mine

where Mihe is the mass of the incident projectile and all other
quantities are as in section C.l. This formula does not differ
significantly from the precise result, incorporating spin
effects, for any projectile (including et) in the restricted
range I << T<<Tp .. ggrglaccurate formulae are available for
various projectiles.“”’ Our formula is inaccurate for T
close to I; for 2T ST < 101, the 1/T2 dependence above becomes
=7 with 3 $n $5.22 )

C.3 Rates of Restricted Energy Loss for Charged Projectiles:
The variability of energy loss for heavy projectiles is due
primarily to the variability in the production of energetic
knock-on electrons. Bremsstrahlung and pair production
processes make this variability even greater for electrons

than for heavy particles as projectiles. (see, e.g., the figure
"Fractional Energy Loss for et and e~ in Lead"). If an instru-
ment is capable of isolating these high-energy-loss interactions,
then it is appropriate to consider the rate of energy loss
excluding them, i.e., a restricted energy loss rate. The mean
energy loss rate via all collisions which have energy transfer
T such that T < E . << Thax iS¢

‘EE) _D Zmed pmed Zinc
dx 2 A 8

Notice the overall factor of 1/2.

The density effect causes the restricted energy loss rate to
approach a constant, the Fermi plateau value, for the fastest
projectiles.

C.4 Multiple Coulomb Scattering through Small Angles: As a
charged particle traverses a medium it is deflected via many
independent small-angle Coulomb scatterings. ‘The bulk of this
deflection is due to scattering from the nuclei in the medium.
The non-projected (space) and projected (plane) distributions
are given approximately by the Gaussian forms:

2

£(8 Yan = i exp (- —SB2e |gaq ,

space "62 e2

o] [0]
2

g(0 yae ~ 1 exp | - EE&EES

plane plane - 2 plane

Ve, 05

where N

20 MeV/c ' L | 1 L [
6 = =t — + = -
o 8 Z, L 1 5 loglo (L ) (radians) ,
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p, B, and Zinc are the momentum (in MeV/c), velocity, and
charge number of the incident particle, and L/Lp is the thick-
ness, in radiation lengths, of the scattering medium. Ly for
certain materials is given in the Table of Atomic and Nuclear
Properties of Materials. The 1/e angle, 60, is a fit to
Moliere24 theory accurate to about 5% for 1073 < L/Lg < 10
except for very light elements 'or low velocity where the error
is about 10 to 20%. In this Gaussian approximation, 60 has
the meaning

6, = 6> = V2 e°

0 space plane

Beyond angles of about 28, the true distribution function
has a long tail which contributes at the level of roughly 1%
of peak height, slowly descending, beyond the point at which
the Gaussian would be negligible, to the height expected for
single large-angle Rutherford or nuclear scatters.

Other quantities are sometimes used to describe the amount of
multiple Coulomb scattering: the auxiliary quantities
and s (see the figure) obey:

lL'plane' Yplane- 'plane
wrms — 1 grms
plane V3 plane !
Y;T:ne = . L B;T:ne !
v3
Srms - 1 rms
and plane a3 plane
L
L |
2
ﬁ ; 3 ¥
3 \Lane yphne
s

\\\Q?DMne

~N

XBL 782-307

All the quantitative estimates in this section apply only in
the limit of small engne and in the absence of large-angle
scatters.

C.5 Electron Range in Lead, Copper, Carbon, and Hydrogen:
See figure following.

C.6 Fractional Energy Loss for Electrons and Positrons in
Lead: See figure following.

C.7 Contributions to Photon Cross Section in Lead: See figure
following. ‘

C.8 Photon Mass Attenuation Coefficients, Energy Deposition:
See figure following.

D. ATOMIC AND NUCLEAR PROPERTIES OF MATTER

See Table following.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

" Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and
C.indicated, using Bethe-Bloch equation (Section C.1 above) with corrections, Calculated using program of

Hans Bichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication). See also
Joseph F. Janni [Air Force Weapons Laboratory Technical Report No. AFWIL-TR-65-150 (1966)]. The average
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates
total path length; observed range may be smaller (by ~ 1% - 2% in heavy elements) due to multiple scattering,
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally
verified to better than roughly +1% ., For higher energies refer to discussion by Cobb [""A Study of Some Electro-
magnetic Interactions of High Velocity Particles with Matter, " University of Oxford Report HEP/ T/55 (1973)]
and by Turner ['Penetration of Charged Particles in Matter: A Symposium!', National Academy of Sciences,
Washington D.C. (1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by the
expression on the next page.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont’d)

Mean Range and Energy Loss in Liquid Hydrogen
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.1 above),
using an average ionization potential for H, of I=20.0 eV, which is an approximate average of the experi-
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and
Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and
Hyman: parahydrogen of density = 0.0625 g/cm3 (note: range « 1l/density), with vapor-pressure 60.8 lb/in2
(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi-
mentally verified to better than about *1% over large momentum ranges. It should be noted that the number
of bubbles per cm of a track in a bubble chamber is nearly proportional to 1/82, not dE/dx. For the linear

portions of the range curves, R « p>+°. Scaling law for particles of other mass or charge (except electrons):

for a given medium, the range Ry of any beam particle with mass My, charge zp, and momentum py, is given in
terms of the range R, of any other particle with mass M,, charge z,, and momentum p, = PpMy/My, (d.e.,
having the same velocity) by the expression:

Ry, My, 2y, rpy)

2 2] R (M .2 ,p = PpM /M) .

Rev. Mod. Phys:, Vol. 52, No. 2, Part I, April 1980
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)
Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen

Mean range of electrons in the T (keV)
continuous-slowing-down approx- l IO |OO
imation, taking into account 'O‘z ~
energy loss by collisions with —— 4
- atomic electrons and by brems-—
strahlung; strong fluctuations I{‘r;

L

/
4

are to be expected for indi- S /
vidual tracks. This range is 3 T
the total path length; the o
"practical range" — a common
measure of straight-line pene-
tration distance — is shorter
because of multiple Coulomb
scattering, which becomes in-
creasingly important as the
electron slows down. E.g.,
for a fast electron the rms
projected angle due to multi-
ple Coulomb scattering reaches
1 radian by the time the elec-
tron has slowed to 0.4 MeV in
hydrogen, 1.5 MeV in carbon,

9 MeV in copper, and 24 MeV
(off scale) in lead. Electron
energy deposition and penetra-
tion probability vs. range are
discussed by L. V. Spencer, . i
"Energy Dissipation by Fast y 'f{"
Electrons," NBS Monograph #1, SR dr 8 |
1959, and S. M. Seltzer, 05 LU AL /
"Transmission of Electrons ) 0.0 0.l | 10

through Foils," NBSIR 74, 457

(1974). Electrons which have T (MeV) XBI. 762-2273
energy less than 0.2 MeV in Ar,

1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb are likely to deposit 10% of their energy behind their starting plane.

The practical range, RP' is defined as that absorber thickness obtained by extrapolating to zero the linearly decreasing
part of the curve of penetration probability vs. absorber thickness. Data for Al in the T range of the figure are available,
and fit (to ~*10%) Ry =AT[1-B/(1+cT)] mg em 2 [a form suggested by K.-H. Weber, Nucl. Inst. Meth. 25, 261 (1964)],

with A=0.55 mg cem™2 kev~l, B=0.9841, and C=0.0030 kev-l. At this penetration depth, 90 - 95% of the incident electrons

have stopped. Data for other elements are sketchy, but suggest that higher-2 (<50) elements have l:gRP/Rp(Al)S 1.4 below

~10 keV, and 0.6:§RP/RP(A1)5 1 above ~100 keV. The "critical energy" (above which the energy loss due to bremsstrahlung
exceeds that due to ionization, and showering becomes important) is 400 MeV for hydrogen, 100 MeV for carbon, 25 MeV for
copper, and 10 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger
and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III, Rev. (1966). 1-10 keVv range was

obtained by linear extrapolation; in this region the true range may actually lie above the curves.
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lengths as a function of photon energy. The intensity
of photons can be expressed as I = Ijexp(-0x), where
0 is read above and x is the path length in radiation
lengths. See also figure following.

Fractional energy loss per radiation length in lead as
a function of electron or positron energy. Electron
(positron) scattering is considered as ionization when
the energy loss per collision is below 0.255 MeV, and
as Moller (Bhabha) scattering when it is above.

These figures are adapted from Fig. 3.2 and Fig. 3.3 from Messel and Crawford, Electron-Photon Shower Distri-

bution Function Tables for L.ead, Copper and Air Absorbers, Pergamon Press, 1970. Messel and Crawford use
L. (Pb) = 5.82 g/cm#¢ , but we have modified the Tigures to reflect the value given in the Table of Atomic and

Nuclear Properties of Materials (following), namely L.(Pb) = 6.4 g/cm?, The development of electron-
photon cascades is approximately independent of absorber when the results are expressed in terms of inverse
radiation lengths (i.e., scales on left of plots).

Rev. Mod. Phys., Vol. 52, No. 2, Part |1, April 1980
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)
Photon Mass Attenuation Coefficiénts, Energy Deposition
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. Total mass atten. coefficient =10
multiplied by fraction of =
primary photon energy loss
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XBL 743-2662
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The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves).
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given

by I=1I, exp(-ut). The accuracy is a few percent. Interpolation to other Z should be done in the cross
section 0 = (W/pP) M/Np cm“/atom, where M is the atomic weight of the absorber material and N is Avogadro's
number. For a chemical compound or mixture, use (W/P)ggr = % 'w; (U/P)y , accurate to a few percent, where wj
is the proportion by weight of the ith constituent. * The dashed curve is the mass energy-

absorption coefficient, giving U/p multiplied by the fraction of photon energy deposited in a small volume
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply
radiation of some of the energy away from the immediate area. From J. H. Hubbell, NSRDS-NBS 29(1969).

Rev. Mod. Phys., Vol. 52, No. 2, Part |1, April 1980
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

Atomic and Nuclear Properties of Materials™®

Material Z A Nuclear  Nuclear collision  Absorption  dE/dx min® Radiation length Densit}j/e Refractive
cross length L, length AP Lradd .[g/cm ] .index n®
section ¢ 2 [ MeV ][MEV] () is for gas () is (n—1)x1
[barns]  [g/cm®] [em] [cm] g/cm’ cm [g/cm?] [em] (e/1t] for gas

H 1 1.01 . . 0.0708 1.112

2 0.039 43.0 607 790 4.12 0.292 63.05 890 (0.090) (140)
02 1 2.01 0.074 45.1 273 342 2.07 0.342 126.1 764 0.163 1.128
He 2 4.00 . i iO.lZS 1.024

' 0.134 49.6 397 478 1.94 0.243 94.32 755 (0.178) (35)

Li 3 6.94 0.215 53.6 100.4 120.6 1.65 0.881 82.76 155 0.534 -

Be 4 9.01 0.270 55.4 30.0 36.7 1.61 2.97 65.19 35.3 1.848 -

C 6 12.01 0.340 58.7 ~37.8 49.9 1.78 =2.76 42.70 ~27.5 %1.55f -

0.808 1.205

N 7 14.0 . . . . . . . .

2 4.01 0.390 59.7 73.8 99.4 1.82 1.47 37.99 47.0 (1.25) (300)

1.207 1.092

Ne 10 20.18 . . . . . . . . .

0.520 64.4 53.7 74.9 1.73 2.08 28.94 24.0 (0.90) (67)

Al 13 26.98 0.650 68.9 25.5 37.2 1.62 4.37 24.01 8.9 2.70 -

’ 1.40 { 1.233

Ar 18 39. . . . . . . . .

9.95 0.890 74.5 53.2 80.9 1.51 2.11 19.55 14.0 (1.78) (283)

Fe 26 55.85 1.160 79.9 10.2 17.1 1.48 11.6 13.84 1.76 7.87 -

Cu 29 63.54 1.270 83.1 9.3 14.8 1.44 12.9 12.86 1.43 8.96 -

Sn 50 118.69 2.040 96.6 13.2 22.8 1.28 9.4 8.82 1.21 7.31 -

w 74 183.85 2.810 108.6 5.6 10.3 1.17 22.6 6.76 0.35 19.3 -

Pb 82 207.19 3.080 111.7 9.8 18.5 1.13 12.8 6.37 0.56 11.35 -

U 92 238.03 3.380 116.9 ~6.2 12.0  1.09 =~20.7 6.00 ~0.32 =~18.95 -

. g 2738

. e e 228 g {0.001205 1.000273

Air 60.2 50000 67500 1.82 0.00225 36.20 30050 (1.29) (293)

HZO 58.3 58.3 78.8 2.03 2.03 36.08 36.1 1.00 1.33

HZ (bubble chamber 26°K)h 43.0 =683 887 4.12 =0.26 63.05 =1000 ﬁ0.063h 1.112

DZ (bubble chamber 31°K) 45.1 =322 403 2.07 =0.29 126.1 ~900 ~0. 140h 1.110

H-Ne mixture (50 mole percenl)i 62.9 154.5 215 1.84 0.75 29.70 73.0 0.407 1.092

i 0.4 { 1.25)

Propane (C3HB)" 55.0 134 176 2.28 0.98 45.38 111 (Z.O)j (1005).

i ~ ~ ~ =1.50 g 1.238!

Freon 13B1 (CF‘3Br) 74.3 49.5 73.5 1.52 2.3 16.53 11 (8.71) (750)

Ilford emulsion 88.1 23.1 36.7 1.44 5.49 11.02 2.94 . 3.815 -

Nal 91.9 25.0 41.3 1.32 4.84 9.49 2.59 3.67 1.775

LiF 61.1 23.1 30.7 1.69 4.46 39.25 14.9 2.64 1.394

Polyethylene (CHZ) 55.7 ~59.6 78.4 2.09 =1.95 44.78 48 0.92-0.95 -

Mylar (CgH,40;) 58.5 42.1 56.1 1.91  2.65 39.95 28.7 1.39 -

Polystyrene, scintillator (CH)k 57.0 55.2 68.5 1.97 2.03 43.8 42.9 1.032 1.581

Lucite, Plexiglas (C5H802) 57.7 48.9 65.0 1.97 =2.32 40.55 ~34.5 1.16-1.20 =1.49

Spark or proportional chamberl 0.030% 0.0227% - 0.034 0.067% 0.019 -

Shielding concrete™ 65.5 26.2 36.8 1.70 4.25 26.7 10.7 2.5 -

‘Cozn ) 60.4 33800 46000 1.82 0.0033 36.2 20210 (1.79)" (410)"

Freon 12 (CCL,F,)" 68.1 13800 20200 1.64 0.0081 23.7 4810 (4.93)"  (1080)"

Freon 13 (CCIF:,)n 66.0 15000 21400 1.70 0.0072 27.15 6380 (4.26)rl (720)"

Silica Aer(:cgelo 62.3 =~311 430 1.82 =0.36 30 ~150 0.1-0.3 1.0+0.235p

*) Table revised April 1980 by J. Engler and F. Monnig. For details, see CERN NP Internal Report 74—1.

a) o of neutrons (® o of protons) at 20 GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei = 1/2
percent/GeV (from 5-25 GeV).

b) Leon = A/(N.o). In the absorption length the elastic scattering is subtracted.

c) For a minimum-ionizing, singly—charged particle in the material. From W.H. Barkas and M.J. Berger, Tables of Energy Losses and Ranges
of Heavy Charged Particles, NASA-SP-3013 (1964).

d) From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974).

€) Values for solids, or the liquid phase at boiling point, except where noted. Values in parentheses for gaseous phase STP (0°C, 1 atm.),
except where noted.

f) Density variable.

g) Gas at 20°C.

h) Density may vary about +3%, depending on operating conditions.

i) Values for typical working condition with H; target: 50 mole percent, 29°K, 7 atm.

j) Values for typical chamber working conditions: Propane ~ 57°C, 8-10 atm. Freon 13B1 ~ 28°C, 8-10 atm.

k) Typical scintillator; e.g. PILOT B and NE 102A have an atomic ratio H/C = 1.10.

1) Values for typical construction: 2 layers 50 um Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or CO,; 2 layers 50 um Mylar/Aclar
foils.

m) Standard shielding blocks, typical composition 0, 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation
length £ = 115 £5 g/cm*®, also valid for earth (typical p = 2.15) from CERN—LRL-RHEL Shielding exp. UCRL 17841 (1968).

n) Used in Cerenkov counters, value at 26°C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916
(1964). .

o) n(Si0;) + 2n(H,0) used in Cerenkov counters, p = density in g/cm3. From M. Cantin et al., Nucl. Instr. Meth. 118, 177 (1974).

Rev. Mod. Phys., Vol. 52, No. 2, Part I, April 1980
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ELECTROMAGNETIC RELATIONS

Maxwell's Equations

CGS (statcoul., MKSA
: i 1
Quantity statamp., sec cm ) (coul., amp., ohm)
: q 1 q
Potentials: v = = V= — —=
chazr:ges x ame, cha‘;ges
> -
PO I ao e I
€ currents ¥ 4T curfénts T
. 1 -9
c = speed of light € = SE;-IO MKSA
in vacuum
u, = 4m 10” " MKsa
> >
. > 1 9a > 2 oA
Fields: E = -V - S 3%t E = -V - 3¢
> > > >
B = VxAa B =Vxa
. > > > > > > > >
Materials: D =€E, B = UH D = €E, B = UH
>
> > v > 5
Force: F=q(E+—XB) F = q(E+v XB)
> > > >
Maxwell: V+D = 4mp VeD=p
> >
T2 1 9B o 9B
VXE = - = =— XE = o2
E c dt VxE ot
> >
VeB=0 VeB =0
4t 19D 5 3B
= 4m , 109D H=134+22
XH = + XH =
vxH c c 9t VXH =3+ ot
. . . > > -y ->
Relativistic E” = E” E" = E"
transforma-
tions: > > 12> = > >
El—YEl+—V><B) El—Y(El+v><B)
B =B B =B
([ (]
>, > 1 -)X-> >, 1 —»X»
B = Y(B - S VXE Bl—yBl—csz
i
Impedances: Alternating Currents (MKSA)
Ohm's law: V = 2I, V = Voelwt .
1. Impedance of self-inductance L: 2 = iwL .
2. Impedance of a capacitor of capacitance C: 2 = i(iC

3. Impedance of a flat conductor of width w at high frequency:
i

P = resistivity in 1078 Om:

~1.7 for Cu ~5.5 for W
~2.4 for Au ~73 for SS 304
~2.8 for Al ~100 for Nichrome
(Al alloys may have up

to double this value.)

8 = effective skin depth

_ ./ 0 ~ 6.6 cm
= Ton Ee—— for Cu

VV(sec1)

4. Impedance of free space: 2 = V uo/e0 = 376.70.

Capacitance C and Inductance L per Unit Length (MKSA)

1. For flat plates of width w, separated by d << w:

Ew d
¢c= 73 7 LosoMy
2. For coax cable of interior and exterior radii T and Tyt
_ 2T € u
c = J?,n(rz/rl) H L = o SLn(rz/rl) ;
€ = dielectric constant 2 to 6 for plaStlc?;
4 to 8 for porcelain, glasses;
U = magnetic susceptibility.

Transmission Lines (No Loss) (MKSA)

Velocity = 1 Vic = 1/\/11&: .
Impedance = VL/C .

L and C are inductance and capacitance per unit length.

Synchrotron Radiation (CGS)

2
. am : .
Energy loss/revolution = — e 83 4 ‘ p = orbit radius

3 P
ror electrons (B~1), “EMV) o 0835 [n(cev)]?/pmeter) .
Critical frequency: W, = 3Y3 % .

Frequency spectrum (for Y >>1):

2 1/3
I = 3.3e—(9’£> , w<<w,
c c c
e2Y
I(w) = (1.0, 1.6, 1.6, 0.5, 0.08) =
w
at o = 0.01, 0.1, 0.2, 1.0, 2.0, respectively;
- .
2 /2 -2w/w
I(w) = /37 ——EY<—9-) e ° ’ w2 .
c W ~ e

The radiation is confined to angles < 1/Y relative to

the instantaneous direction of motion.

See J. D. Jackson, Classical Electrodynamics, 2nd edition

7 = (L+1i)p (John Wiley & Sons, New York, 1975) for more formulae and details
wd ! (Prepared April 1974; revised April 1980.)
RADIOACTIVITY AND RADIATION PROTECTION
Unit of activity = Curie: ' Maximum permissible occupational dose for the whole body:

1 Ci = 3.7x1010 gisintegrations/sec
Unit of exposure dose for x and y radiation = _Roentgen:

1R = 1 esu/cm> = 87.8 erg/g (5.49%X 107 MeV/g) of air
Unit of absorbed dose = rad:

1 rad = 100 erg/g (6.25% 107 MeV /g) in any material
Unit of dose equivalent (for protection) = rem:

rems (Roentgen equivalents for man) = rads XQF,
where QF (quality factor) depends upon the type of radiation
and other factors. For y rays and HE protons, QF = 1; for
thermal neutrons, QF = 3; for fast neutrons, QF ranges up
to 10; and for o particles and heavy ions, QF ranges up to 20.

Rev. Mod. Phys., Vol. 52, No. 2, Part 11, April 1980

5 rem/year (maximum 3 rem/calendar quarter)

Fluxes (per cm?2) to liberate 1 rad in carbon:

3.5 X107 minimum ionizing singly charged particles
1.0 X 109 photons of 1 MeV energy

(These fluxes are correct to within a factor of 2 for all

materials.)

Natural background: 120 to 130 millirem/year .
cosmic radiation (charged particles + neutrons) ~25
cosmic radiation (y rays) ~25}
radiation from rocks and air (y rays) ~73

Cosmic ray background in counters: ~ 1 /min/cm2/ster

mrem/yr
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PBEAM
(GEV/C)

0.10

0.18

&

o
=

¥P, VP
~ep
.938
.958
L9717
2996
1.015

1.033
1.051
1.069
1.087
1.104

l.121
1.137
1.154
1.170
1.186

1.201
1.217
1.232
1.247
1.262

1.277
12292
1.306
1.320
1.335

1.349
1.362
1.376
1.390
1.403

1.416
L.430
1.443
1.456
1.468

1.481
1.4964
1.506
1.519
1.531

1.543
1.555
1.567
1.579
1.591

1.603
1.615
1.626
1.638
1.649

1.660
1.672
1.683
1.694
1.705

1.716
1.727
1.738
1.748
1.759

1.770
1.780
1.791
1.801
1.812

1.822
1.832
1.843
1.853
1.863

1.873
1.883
1.893
1.903
1.913

1.922
1.932
1.942
1.951
1.961

1.970
1.980
1.989
1.999
2.008

C. M.

ENERGY

(GEV)

e

1.078
1.079
1.083
1.089
1.096

1.105
1.116
1.127
1.139
1.152

1.165
1.178
1.192
1.206
1.219

1.233
1.247
1.261
1.275
1.288

1.302
1.315
1.329
1.342
1.356

1.369
1.382
1.395
1.408
1.421

1.434
1.447
1.459
1.472
1.484

1.496
1.509
1.521
1.533
L.545

1.557
1.569
1.580
1.592
1.604

1.615
1.627
1.638
1.649
1.661

1.672
1.683
1.694
1.705
1.716

1.726
1.737
1.748
1.759
1.769

1.780
1.790
1.800
1.811
1.821

1.831
1.841
1.851
1.862
1.872

1.882
1.891
1.901
1.911
1.921

1.931
1.940
1.950
1.959
1.969

1.978
1.988
1.997
2.006
2.016

Kp

1.432
1.432
1.433
1.436
1.436

1.439
1.441
1.445
1.448
1.453

1.457
1.462
1.468
L.473
1.480

1.486
1.493
1.500
1.507
1.514

1.522
1.530
1.538
1.546
1.554

1.563
1.571
1.580
1.589
1.598

1.607
1.616
1.625
1.634
1.643

1.653
1.662
1.671
1.681
1.690

1.699
1.709
1.718
1.728
1.737

1.747
1.756
1.765
1.775
1.784

1.794
1.803
1.812
1.822
1.831

1.840
1.850
1.859
1.868
1.877

1.887
1.896
1.905
1.914
1.923

1.932
1.941
1.950
1.959
1.968

1.977
1.986
1.995
2.004
2.013

2.022
2.031
2.039
2.048
2.057

2.065
2.074
2.083
2.091
2.100

PP

1.877
1.877
1.877
1.878
1.878

1.879
1.880
1.882
1.883
1.885

1.887
1.889
1.892
1.894
1.897

1.900
1.903
1.906
1.910
1.913

1.917
1.921
1.925
1.929
1.934

1.938
1.943
1.947
1.952
1.957

1.962
1.968
1.973
1.978
1.984

1.989
1.995
2.001
2.007
2.013

2.019
2.025
2.031
2.037
2.043

2.050
2.056
2.062
2.069
2.075

2.082
2.088
2.095
2.102
2.108

2.115
2.122
2.129
2.136
2.142

2.149
2.156
2.163
2.170
2.177

2.184
2.191
2.198
2.205
2.212

2.219
2.226
2.233
2.240
2.247

2.254
2.261
2.268
2.275
2.282

2.289
2.296
2.304
2.311
2.318
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM

-MOMENTUM IN C.

Yp.VP
~ep
.000
.020
.038
<056
<074

091
107
123
.138
153

167
182
195
.209
222

<234
247
259
L271
.282

.294
-305
.316
327
-337

348
.358
368
.378
.388

-397
407
L4616
425
<434

<443
<452
L461
<470
L4678

.486
. 495
.503
511
+519

.527
535
542
+550
558

565
573
- 580
.587
-594

.601
-609
.616
<622
629

<636
643
-650
-656
.663

-669
676
-682
.689
.695

.701
.708
714
-720
726

L732
.738
L744
750
.756

<762
768
.773
-779
. 785

E

dE

cm

(GEV/C)
p

.000
017
.035
.052
.068

085
101
117
132
<147

<161
L1175 .
.189 .
.202 .
215 .178
.228
241
.253
265
L2717

<189
.201
.213
224
.235

.288
-300
2311
<322
332

<247
258
.268
279
.290

343
353
-363
373
.383

300
-310
321
331
.341

-393
<402
“412
421
<430

-350
360
-370
379
-388

« 439
<448
- 457
465
L4764

.397
.406
L4158
L4264
.433

482
<490
499
«507
515

<442
+450
459
<467
<475

484
«492
.500
.508
515

523
531
538
<546
<554

.561
+569
576
.583
591

523
531
.538
<546
.553

.598
605
L612
-619
.626

<561
.568
.575
.583
+590
633 .597
-639
-646
653
-660

-666
.673
679
.685
+692

<631

<651
.658

.698
. 704
<710
-717
723

-664
<671
<677
684
-690

729
735
741
L747
753

696
2702
709
L715
«721

<759
<765
.770
-776
782

.727
-733
.739
2745
<751

M-

3

000
.010
.020
.030
<040

.050
-060
.070
.080
.090

.099

.119
.129
.138

.148

177
.186

-196
.205
L2164
224
.233

242
251
+260
269
.278

.287
.296
304
313
.322

330
-339
347
+355
<364

372
.380
-388
396
404

“h12
<420
428
<435
“h43

451
458
<466
473
L4681

488

.559

<579
.585

592
599
+605
L612
618

.624
-631
637
<643
650

.656
662
.668
674
680

= m_dT
cm p ~beam
PBEAM - . M. ENERGY~-
(GEV/C) (GEV)
Yp,Vp
Sep np Xp
1.70 2.018 2.025 2.109
1.72  2.027 2.034 2.117
1.74 2.036 2.043 2.126
1.76 2.045 2.053 2.134
1.78 2.054 2.062 2.143
1.80 2.064 2.071 2.151
1.82 2.073 2.080 2.159
1.84 2.082 2.089 2.168
1.86 2.091 2.098 2.176
1.88 2.100 2.107 2.184
1.90 2.109 2.115 2.193
1.92 2.117 2.124 2.201
1.94 2.126 2.133 2.209
1.96 2.135 2.142 2.217
1.98 2.144 2.151 2.226
2.0 2.153 2.159 2.234
2.1 2.196 2.202 2.274
2.2 2.238 2.244 2.314
2.3 2.280 2.286 2.353
2.4 2.320 2.326 2.392
2.5 2.360 2.366 2.430
2.6 2.400 2.405 2.468
2.7 2.439 2.444 2.505
2.8 2.477 2.482 2.542
2.9 2.514 2.520 2.578
3.0 2.551 2.556 2.613
3.1 2.588 2.593 2.649
3.2 2.624 2.629 2.683
3.3 2.660 2.664 2.718
3.4 2.695 2.699 2.752
3.5 2.729 2.734 2.785
3.6 2.763 2.768 2.818
3.7 2.797 2.801 2.851
3.8 2.830 2.835 2.884
3.9 2.863 2.868 2.916
4.0 2.896 2.900 2.947
4.1 2.928 2.932 2.979
4.2 2.960 2.964 3.010
4.3 2.992 2.996 3.041
4.4 3.023 3.027 3.071
4.5 3.054 3.058 3.101
4.6 3.084 3.088 3.131
4.7 3.115 3.118 3.161
4.8 3.144 3.148 3.190
4.9 3.174 3.178 3.220
5.0 3.204 3.207 3.248
5.2 3.262 3.265 3.305
5.4 3.319 3.322 3.362
5.6 3.375 3.378 3.417
5.8 3.430 3.433 3.471
6.0 3.484 3.487 3.524
6.2 3.538 3.541 3.577
6.4 3.590 3.593 3.629
6.6 3.642 3.645 3.680
6.8 3.693 3.696 3.731
7.0 3.744 3.747.3.781
7.2 3.794 3.797 3.830
7.4 3.843 3.846 3.878
7.6 3.891 3.894 3.926
7.8 3.939 3.942 3.974
8.0 3.987 3.989 4.021
8.2 4.033 4.036 4.067
8.4 4.080 4.082 4.113
8.6 4.125 4.128 4.158
8.8 4.171 4.173 4.203
9.0 4.215 4.218 4.247
9.2 4.260 4.262 4.291
9.4 4.303 4.306 4.335
9.6 4.347 4.349 4.378
9.8 4.390 4.392 4.420
10.0 4.432 4.435 4.462
10.5 4.537 4.539 4.566
11.0 4.639 4.642 4.668
11.5 4.739 4.742 4.767
12.0 4.837 4.839 4.864
12.5 4.933 4.935 4.960
13.0 5.027 5.030 5.053
13.5 5.120 5.122 5.145
14.0 5.211 5.213 5.236
14.5 5.300 5.302 5.324
15.0 5.388 5.390 5.412
15.5 5.474 5.476 5.498
16.0 5.559 5.561 5.582
16.5 5.643 5.645 5.666
17.0 5.726 5.727 5.748
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m_vV dP. =~ m_dP.
p beam = beam p ~ beam
~MOMENTUM IN C. M.~ PBEAM
(GEV/C) (GEV/C)
Yp,vp Yp.vp
PP <ep P Kp pp ~ep
2.325 .791 .788 .756 .686 17.5 5.807
2.332 796 .793 .762 .692 18.0 5.887
2.339 .802 .799 .768 .698 18.5 5.966
2.346 .807 .805 .774 .704 19.0 6.044
2.353 .813 .810 .780 .710 19.5 6.122
2.360 .818 .816 .785 .716 20 6.198
2.367 .824 .821 .791 .721 21 6.347
2.374 .829 .827 .796 .727 22 6.493
2.381 .835 .832 .802 .733 23 6.636
2.388 .840 .837 .808 .739 24 6.776
2.395 .845 .843 .813 .744 25 6.913
2.402 .851 .848 .819 .750 26 7.048
2.409 .856 .853 .824 .756 27 7.180
2.416 -861 .859 .829 .761 28 7.309
2.423 .867 .864 .835 .767 29  7.436
2.430 .872 .869 .840 .772 30 7.562
2.465 .897 .895 .866 .799 31 7.685
2.500 .922 .920 .892 .826 32 7.806
2.534  .947 .944 .917 .852 33 7.925
2.568 .970 .968 .941 .877 34 8.043
2.602 .994 .991 .965 .901 35 8.158
2.636 1.02 1.01 .989 .926 36 8.273
2.669 1.04 1.04 1.01 .949 37 8.385
2.702 1.06 1.06 1.03 .972 38 8.496
2.735 1.08 1.08 1.06 .995 39 8.606
2.768 1.10 1.10 1.08 1.02 40 8.715
2.800 1.12 1.12 1.10 1.04 41 8.822
2.832 1.14 1.14 1.12 1.06 42 8.927
2.863 1.16 1.16 1.14 1.08 43 9.032
2.895 1.18 1.18 1.16 1.10 44 9.135
2.926 1.20 1.20 1.18 1.12 45 9.237
2.957 1.22 1.22 1.20 1.14 46  9.338
2.987 1.24 1.24 1.22 1.16 47 9.438
3.018 1.26 1.26 1.24 1.18 48 9.537
3.048 1.28 1.28 1.26 1.20 49  9.635
3.077 1.30 1.29 1.27 1.22 50 9.732
3.107 1.31 1.31 1.29 1.24 52 9.923
3.136 1.33 1.33 1.31 1.26 54 10.11
3.165 1.35 1.35 1.33 1.27 56 10.29
3.194 1.37 1.36 1.34 1.29 58 10.47
3.223 1.38 1.38 1.36 1.31 60 10.65
3.251 1.40 1.40 1.38 1.33 62 10.83
3.279 1.42 1.41 1.40 1.34 64 11.00
3.307 1.43 1.43 1.41 1.36 66 11.17
3.335 1.45 1.45 1.43 1.38 68 11.34
3.363 1.46 1.46 1.44 1.40 70 11.50
3.417 1.50 1.49 1.48 1.43 72 11.66
3.471 1.53 1.53 1.51 1.46 74 11.82
3.524 1.56 1.56 1.54 1.49 76 11.98
3.576 1.59 1.59 1.57 1.52 78 12.13
3.627 1.62 1.61 1.60 1.55 80 12.29
3.678 1.64 1.64 1.63 1.58 82 12.44
3.728 1.67 1.67 1.65 1.61 84 12.59
3.778 1.70 1.70 1.68 1.64 86 12.74
3.827 1.73 1.73 1.71 1.67 88 12.88
3.875 1.75 1.75 1.74 1.70 90 13.03
3.923 1.78 1.78 1.76 1.72 92 13.17
3.970 1.81 1.81 1.79 1.75 94 13.31
4.016 1.83 1.83 1.82 1.78 96 13.45
4.062 1.86 1.86 1.84 1.80 98 13.59
4.108 1.88 1.88 1.87 1.83 100 13.73
4.153 1.91 1.91 1.89 1.85 150 16.80
4.198 1.93 1.93 1.92 1.88 200 19.40
4.242 1.96 1.95 1.94 1.90 250 21.68
4.286 1.98 1.98 1.96 1.93 300 23.75
4.329 2.00 2.00 1.99 1.95 350 25.65
4.372 2.03 2.03 2.01 1.97 400 27.41
4.415 2.05 2.05 2.03 2.00 450 29.07
4.457 2.07 2.07 2.06 2.02 500 30.65
4.498 2.09 2.09 2.08 2.04 550 32.14
4.540 2.12 2.12 2.10 2.07 600 33.57
4.641 2.17 2.17 2.16 2.12 650 34.94
4.741 2.22 2.22 2.21 2.18 700 36.26
4.839 2.28 2.28 2.26 2.23 750 37.53
4.934 2.33 2.33 2.31 2.28 800 38.76
5.028 2.38 2.38 2.36 2.33 850 39.95
50120 2.43 2.43 2.41 2.38 900 41.11
S.211 2.47 2.47 2.46 2.43 950 42.23
5.300 2.52 2.52 2.51 2.48
5.388 2.57 2.57 2.56 2.53 1000 43.33
2000 61.27
5.474 2.61 2.61 2.60 2.57 5000 96.87
5.559 2.66 2.66 2.65 2.62 10000 137.0
5.642 2.70 2.70 2.69 2.66 20000 193.7
5.725 2.74 2.74 2.73 2.70
5.806 2.79 2.79 2.78 2.75 50000 306.3
100000 433.2
200000 612.6
500000 968.6
1000000 1370

5.809
5.889
5.968
6.046
6.123

6.199
6.349
6.495
6.638
6.778

6.915
7.049
7.181
7.311
7.438

7.563
7.686
7.807
7.926
8.044

8.160
8.274
8.386
8.498
8.607

8.716
8.823
8.928
9.033
9.136

9.238
9.339
9.439
9.538
9.636

9.733
9.924
10.11
10.30
10.48

10.65
10.83
11.00
11.17
11.34

11.50
11.66
11.82
11.98
12.14

12.29
12.44
12.59
12.74
12.89

13.03
13.17
13.32
13.46
13.59

13.73
16.80
19.40
21.68
23.75

25.65
27.41
29.07
30.65
32.14

33.57
34.94
36.26
37.53
38.76

39.95
41.11
42.23

43.33
61.27
96.87
137.0
193.7

306.3
433.2
612.6
968.6

1370

Kp

5.829
5.909
5.988
6.066
6.142

6.218
6.367
6.513
6.655
6.795

6.932
7.066
7.197
7.326
7.453

7.578
7.701
7.822
7.941
8.058

8.174
8.288
8.400
8.511
8.621

8.729
8.836
8.941
9.046
9.149

9.251
9.352
9.451
9.550
9.648

9.745
9.935
10.12
10.31
10.49

10.66
10.84
11.01
11.18
11.35

11.51
11.67
11.83
11.99
12.14

12.30
12.45
12.60
12.75
12.89

13.04
13.18
13.32
13.46
13.60

13.74
16.81
19.40
21.69
23.75

25.65
27.42
29.08
30.65
32.14

33.57
34.94
36.26
37.53
38.76

39.95
41.11
42.24

43.33
61.27
96.87
137.0
193.7

306.3
433.2
612.6
968.6

1370

PP

5.886
5.965
6.043
6.120
6.196

6.272
6.419
6.564
6.705
6.843

6.979
7.112
7.243
7.371
7.497

7.621
7.743
7.864
7.982
8.099

8.214
8.327
8.439
8.549
8.658

8.766
8.872
8.978
9.081
9.184

9.286
9.386
9.486
9.584
9.681

9.778

9.968

10.15
10.34
10.52

10.69
10.87
11.04
11.21
11.37

11.54
11.70
11.86
12.02
12.17

12.32
12.48
12.63
12.77
12.92

13.06
13.21
13.35
13.49
13.63

13.76
16.83
19.42
21.70
23.76

25.66
27.43
29.09
30.66
32.15

33.58
34.95
36.27
37.54
38.77

39.96
1.12
42.24

43.34
61.28
96.87
137.0
193.7

306.3
433.2
612.6
968.6

1370

-MOMENTUM IN C.

20.0

21.1

21.7
30.6
48.4
68.5
96.9

153
217
306
484
685

(GEV/C)

2.83
2.87
2.91
2.95
2.99

3.03
3.10
3.18
3.25
3.32

3.39
3.46
3.53
3.59
3.66

3.72
3.78
3.85
3.91
3.97

4.02
4.08
414
4.20
4.25

4.31
4.36
4.kl
4.47
4.52

4.57
4.62
4.67
4.72
4.77

4.82
4.92
5.01
5.10
5.19

5.28
5.37
5.46
5.54
5.63

5.71
5.79
5.87
5.95
6.03

6.11
6.18
6.26
6.33
6.41

6.48
6.55

12.8
13.7
14.5
15.3
16.1

16.8
17.5
18.1
18.8
19.4

20.0
20.5
21.1

21.7
30.6
48.4
68.5
96.9

153
217
306
484
685

Kp

2.82
2.86
2.90
2.94
2.98

3.02
3.09
3.17
3.24
3.31

3.38
3.45
3.52
3.59
3.65

3.71
3.78
3.84
3.90
3.96

4.02
4.08

4.19
4.24

4.30
4.35
4.41
4.46
4.51

4.56
4.62
4.67
4.72
4.77

4.81
4.91
5.01
5.10
5.19

5.28
5.37
5.45
5.54
5.62

5.71
5.79
5.87
5.95
6.03

6.10
6.18
6.26
6.33
6.40

6.48

12.8
13.7
14.5
15.3
16.1

16.8
17.5
18.1
18.8
19.4

20.0
20.5
21.1

21.7
30.6
48.4
68.5
96.9

153
217
306
484
685

M.-

PP

2.79
2.83

2.95

4.50

4.55
4.60
4.65

4.75

4.80
4.89
4.99
5.08
5.17

5.26

6.01

6.09

6.24
6.32
6.39

6.46
6.54
6.61
6.68
6.75

6.82
8.36
9.66
10.8
11.8

12.8
13.7
14.5
15.3
16.0

16.8
17.4
18.1
18.7
19.4

20.0
20.5
21.1

21.6
30.6
48.4
68.5
96.9

153
217
306
484
685
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PERIODIC TABLE OF THE ELEMENTS

(‘0867 Ttxdy ‘o3epdn dnoan ejeq a1oTiIxRd)

*086T-6L6T ‘'PE U309 ‘SOTSAUd pue AIISTWLYD JO YOOqpueH 8y3 woiy paidepy

‘qusweT® eyl JO 2d030ST STGRIS 3ISOW JO (NWE UT ‘SSew OTWO3e 3yl JO SNTRA 9Y} 3ISSILIU ISqUNU STOYM 8U3}) SISqUNU SSBU

o1e sesayjuaied UT SISQUNN

* (nwe) S3TuUn SSEW OTWO3E (00000 ¢TI JO SSew e paubrsse ATTARAITGAR USSQ SeY UYoTym ‘2do3osT
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CROSS SECTION PLOTS
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Yp total cross section versus photon energy (top scale) and
photon~-plus-nucleon total center-of-mass energy (lower scale).
References: SANTA BARBARA-SLAC: D.O.Caldwell et al., Phys.
Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al., Phys.
Lett. ééﬁj 189 (1970); GLASGOW-SHEFFIELD-DNPL: T.A.Armstrong
et al., Phys. Rev. D5, 1640 (1972); LEBEDEV-YEREVAN-SERPUKHOV :
A.S.Belousov et al., Preprint 19, Moscow (1973), A.S.Belousov
et al., Sov. Phys. Doklady 19, 123 (1974), and A.S.Belousov

et al., Sov. J. Nucl. Phys. 21(3), 289 (1975); SLAC-BERKELEY-
TUFTS: J.Ballam et al., Phys. Rev. D5, 545 (1972); ABBHHM:

H.G.Hilpert et al., Phys. Lett. 27B, 474 (1968); SLAC and
BERKELEY: J.Ballam et al., Phys. Rev. Lett. 21, 1544 (1968),
and H.H.Bingham et al., Phys. Rev. D8, 1277 (1973); CORNELL:

S.Michalowski et al., Phys. Rev. Lett. 39, 737 (1977); SANTA
BARBARA-TORONTO-FNAL: D.0O.Caldwell et al., Phys. Rev. Lett.
40, 1222 (1978). Courtesy Gething M. Lewis, Glasgow.

Yd total cross section versus photon energy (top scale) and
photon-plus-single-nucleon total center-of-mass energy (lower
scale). References: SANTA BARBARA-SLAC: D.O.Caldwell et al.,
Phys. Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al.,
Phys. Lett. 33B, 189 (1970); GLASGOW-SHEFFIELD-DNPL:
T.A.Armstrong et al., Nucl. Phys. B41l, 445 (1972); LEBEDEV-
YEREVAN-SERPUKHOV: A.S.Belousov et al., Sov. J. Nucl. Phys.
EL(3), 289 (1975); CORNELL: S.Michalowski et al., Phys.

Rev. Lett. 39, 737 (1977). Courtesy Gething M. Lewis, Glasgow.
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Op/E,y for the muon neutrino and antineutrino charged-current total cross section as a function of neutrino

energy. The straight lines are averages of all data. (1)
(1979); (2) B.C.Barish et al., Phys. Rev. Lett. 39, 1595

B.Barish et al., Cal Tech preprint CALT 68-734

(1977); (3) J.G.H.de Groot et al., Z. Physik C -

Particles and Fields 1, 143 (1979); (4) S.Ciampolillo et al., Phys. Lett. 84B, 281 (1979); (5) D.C.Colley

et al., Z. Physik C ~ Particles and Fields 2, 187 (1979);

(6) s.J.Barish et al., Phys. Rev. D19, 2521 (1979);

(7) A.E.Asralyan et al., Phys. Lett. 76B, 239 (1978), and A.E.Muklin, Serpukhov preprint SERP-4-45 (1979).

Courtesy D. Theriot, FNAL.
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CROSS SECTION PLOTS (Cont'd)

Structure Functions
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F, structure functions derived2from inelastic electron-nucleon data taken at SLAC}™4 with recoil mass >2 GeV and four-momentum
transfer squared Q“ > 1(GeV/c)“ are shown. For definitions of Fy, x,_and Q2, see the "Relativistic Kinematics" section and the
"Weak Interactions of Quarks and Leptons" section. R = Op/0Op = 0.21 3 was assumed. Systematic errors are comparable in size to
the data point symbols. Corrections for nucleon motion in deuterium have been made. These corrections are small except for x> 0.7.
No error was included to account for uncertainties in this correction. References: 1) A.Bodek et al., Phys. Rev. D20, 1471 (1979);
2) W.B.Atwood, SLAC Report No. 185 (1975); 3) M.D.Mestayer, SLAC Report No. 214 (1978); 4) S.Stein et al., Phys. Rev. D12, 1884
(1975). Courtesy W. B. Atwood, SLAC.
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Nucleon structure functions as measured by the CDHS collaboration in high energy (30-200 GeV) charged-current neutrino- and anti-
neutrino-nucleon scattering [J.G.H.de Groot et al., Z. Physik C - Particles and Fields 1, 143 (1979); reproduced by permission].
Definitions, and a discussion of the significance of these structure functions, may be found in the above reference, and also in
the "Weak Interactions of Quarks and Leptons" section of the present work. See de Groot et al., for a discussion of experimental
details, including corrections, etc. Curves are based on a QCD parametrization of Buras and Gaemers [Nucl. Phys. B132, 249 (1978)).
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CROSS SECTION PLOTS (Cont’d)
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An expanded view of R measurements around charm threshold. See the
caption for the figure below for details (we have not combined any data
points in this figure). We have arbitrarily added a horizontal line at
R=4 as an aid to visual comparison of the three sets of data.
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Measurements of R = O(ete™ + hadrons)/o(e*e™ » ptu~), where the anni-
hilation proceeds via one photon. The denominator is a calculated
quantity:

2
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™
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for e*e™ > u*U7, By = 1 for energies shown. Radiative corrections and,
where important, corrections for two-photon processes have been made.
The J/¥, V', and T values are offscale at the positions indicated.

Note the suppressed zero. The ADONE data is for >3 hadrons only, and
the points in the " region are from the MARK I - Lead Glass Wall (LGW)
experiment. For clarity, some of the data points for E_ < 10 GeV have
been combined by us, and some of the points above 10 GeV have been
shifted slightly (<2%) in E_,. Systematic errors (not included in the
figure) are typically between 10% and 20%. The horizontal extent of
the plot symbols has no special significance. References: ADONE.YY2:
C.Bacci et al., PL 86B, 234 (1979); DASP: R.Brandelik et al., PL 76B,
361 (1978); JADE: W.Bartel et al., PL 88B, 171 (1979); MARK J: D.P.
Barber et al., MIT Laboratory for Nuclear Science report #107 (1979),
submitted to Nucl. Phys. B, H.Newman (private communication); MARK I:
J.-E.Augustin et al., PRL 34, 764 (1975), W.Chinowsky, Ann. Rev. Nucl.
Sci. 27, 393 (1977); MARK I + Lead Glass Wall: P.A.Rapidis et al.,
PRL 39, 526 (1977), P.A.Rapidis, Thesis, SLAC-Report-220 (1979);
PLUTO: A.Bicker, Thesis, Gesamthochschule Siegen, DESY F33~77/03,
C.Gerke, Thesis, Hamburg University (1979), Ch.Berger et al., PL 81B,
410 (1979), Ch.Berger et al., PL 86B, 413 (1979); TASSO: R.Brandelik
et al., DESY 79/74 (1979), submitted to Physics Letters. Courtesy
F.C.Porter, Cal Tech.

Rev. Mod. Phys., Vol. 52, No. 2, Part |1, April 1980

Ec_u_ (GeV)

1.5 2 3 4 6 6 7 8910
| 1 Il ] 1 | L1
T T T rIT |[ T T L ||I T T 17 1T 1711
- y k mp 1
100 1 oror(np) =
~ O r { ]
_E - ! ]
. L _
' bitataan
1 0 A 1 Lol I 1 ] | I 1 1 e
100 [ T T T rrrr \l T T T rrIT |I T T T T VvTITTr
gg i L otonP) ]
i
5 - i
1 o N 1 1 I | 1 1 { Ll L 1 Lot
01 1 10 100

Pheam (GeV/c)

+ .
T'p total cross-section data from the Particle Data Group compilation "TN
Two-Body Scattering Data," LBL-63 (1973).
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Interpolations of TN total cross sections for I=3/2 and 1/2, and the corre-
sponding real parts of the forward amplitudes as calculated from dispersion
relations by A. A. Carter and J. R. Carter (RHEL preprint RL-73-024, 1973;
labeled C above), and by G. Hohler and H. P. Jakob (private communication,

1972; labeled H above). The normalization of the curves for each value of

I is such that the sum of their squares divided by 19.6 gives dg/dt at 0° in
mb/ (Gev/c)2. For visual purposes, these old analyses are fine; for quantita-
tive purposes, refer to G. Hohler et al., Handbook of Pion-Nucleon Scattering,
Physik Daten Series No. 12-1 (1979), Fachinformationzentrum, Karlsruhe, Germany.
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CROSS SECTION PLOTS (Cont'd)
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K p and K d total cross-section data compiled by Li-et al.,
Proc. 1973 Purdue Conf. on Baryon Resonances. The solid - -
curve passes through the Brookhaven data. K'p and K d total cross-section data. Compilation sources: E. Bracci
et al., CERN/HERA 72-2, K p; G.R. Lynch, K d (<3 GeV/c); Particle
Data Group, K d (>3 GeV/c). The BNL data below 1 GeV/c are not
included.
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K N total cross sections for I=0 and I=1 below 3.3 GeV/c.
Compiled and unfolded by Li et al., Proc. 1973 Purdue Conf.
on Baryon Resonances.
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Phases of forward amplitudes for Kbp hd Ksp (open symbols)
and KLd > st (solid symbols). Courtesy S.Aronson,
Brookhaven National Laboratory.
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CROSS SECTION PLOTS (Cont'd)

+ +
Compilation of K p and K d total cross-section
measurements. References can be found in the
Baryon Data Card Listings.
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WW |

SECTION
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i
s, herinnen e,

! I=0
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MOMENTUM (GEU~/C)

Total cross section for isospin zero KN system.
Unfolding of the BUGG 68 and BOWEN 70 and 73

data was done by G. R. Lynch (as in Proc. of 1970
Duke Conference). Tables of 0y were provided

by the BNL authors. Lynch and BNL use the

same method of unfolding; the BOWEN 73 unfolded
distribution is obtained by a different method [see
plot in z* mini-review in the 1976 edition of this
review, Particle Data Group, Rev. Mod. Phys. 48, 1
(1976)].
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CROSS SECTION PLOTS (Cont’d)
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s{x~ Zmpplab), as compiled by U, Amaldi, CERN, compiled by G. Giacomelli, CERN. P
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DATA CARD LISTINGS

Illustrative Key

Particle name, and quantum
numbers (if known).

- —

Name of particle as it
appears in table.

N

XX(1200)

Arrow indicates this particle

omitted from table.

A\

XX _MESON (1200,JPG=_ =) I=1
|Particle code (for internal
fmsxmu_v CALLED XX// 1 use only).
)\ OMITTED FROM TABLE \_{Generél comments on
N particle.

Quantity tabulated below.

Abbreviated reference for
this result; full reference

XX({1200) MASS (MEVY

Code for quantity tabulated 1

(M=mass, W=width, etc.)

Symbols used to key together
data card and related
comments.

given below.

1. HBC 0 3.2 K-P 7/66
LYNCH 67 HBC +- 2.7 PI-P 6/€7 Measurement technique
QUESTIONABLE BACKGROUND SUBTRACTION (see abbreviations on
PIERCE 68 /ASPK/+ 2.1 K—-P 9/68 | next page.)
FENNER 69 HBC 0 4.2 PI+P 9/69
SMITH 70 MMS 3.5 2/79%

TER RESULT
Charge(s) of particle

5.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) detected.
Number of events above
background. | e ———————— . mm—————
Measured values (paren- 74 XX(1200) WIDTH (MEV) Reaction producing particle,
theses indicate value _—//__! or comments.
not used in average). 35. 5. MERRILL 66 HBC 0/3.2 K=p/ 7/66
s 50. 10. PIERCE 68 ASPK + 2.1 K=P 9768 Date this result punched
+ Error in measured value 70. 40. FENNER 69 HBC 0 4.2 PI+P 9/69 (asterisk indicates result
(- field blank if error (60.) OR LESS SMITH 70 MMS - 3.5 PI-P ’ added or changed since
s metric; parentheses N Py
= 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF previous edition).

on error only indicate

data not used in average
due to problems with
error estimation).

(SEE IDEOGRAM BELOW
Scale factor > 1 indicates
inconsistent data.

WEIGHTED AUVERAGE 38.4 £ 6.0

RROR SCALED BY 1. : N
& sc 3 Ideogram to display incon-

Average value (and error) sistent d?lta; curve is sum
of quantity measured. of Gaussians, one for
each experiment (area of
Gaussian = 1/error;
width of Gaussian =
Vertical bar indicates * error).
average; width of hori-
zontal bar on top is error
(scaled) in average.
/ s Contribution of experiment
_ﬁ\ o FENNER 65 HBC LHIsSE to X2 (if no entry present,
. i PLERCE 68 ASPK /173 experiment né)t used in
Value and error for each I - . .MERRILL 66 HBC 0.5 calculating X or scale
experiment. — e factor because of large
(CONLEV error). ’
-20 20 60 100 140 20.179)
XX (1200) WIDTH (MEU)
74 XX{(1200) PARTIAL DECAY MODES
DECAY MASSES Representative masses of
. 3 decay products (used for
Partial decay mode VA XX(1200) INTO 3PI .
c T calculating last column of
(1abeled by Pj). P2 XX(1200) INTO K KBAR 493+ 493 Particle Property Tables)
74 XX(1200) BRANCHING RATIOS
R1 XX(1200) INTO 3PI/TOTAL (P1)
Branching ratio (labeled R1 « 66 . .02 MERRILL 66 HBC 0 3.2 K-P T/€6
by R;). R1 L (.68) (.03) LYNCH 67 HBC +- 2.7 PI-P &/6e7
J R1 L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION
R1 o o o e o s e e @
R1 FIT 0.675 0.012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
(1200) INTO KKBAR/TOTAL (P2)
anti . .05 PIERCE 68 ASPK + 2.1 K-P 9/68
Value (and exrox) of quantity ] R Branching xatio Ry in terms
from constrained fit (using FIT 0.325 0.012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) ?:ap::;‘t:’l:slg.eciy mode
all measured branching XX(1200) INTO KKBAR/3PI (P217(P1) ' one TaEheres
ratios for this particle). . .03 FENNER 69 HBC 0 4.2 Pl+pP 9/69
o4l <04 SMITH 70 MMS - 3.5 PI-P 2/79%
R3 e s o o o e o s o .
R3 AVG 0.468 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OJF 1.8)
R3 FIT 0.480 0.026/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

References listed by year,
then author.

PRL 16 143

Abbreviated reference form

used on data cards above. PL 27B 230

NC 618B 372
Journal, report, preprint,
etc. (see abbreviations

PR 155 610

Author(s)

REFERENCES FOR XX(1200)
Quantum number determina-

tions in this reference

lm”_"{

MERRILL (TORINO+CERN
LYNCH (BNL)
&/_{msmution(s) of author(s)
D. FENNER,B. BEANE (NYSE+AMEX) (see abbreviations on
Je SMITH /LSLATY/ next page).

oot ook
R KK

AetokRORARAK Xk

on next page).
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Abbreviations

Illustrative Key (cont’d)

S61

Geneva, Switzerland
Chicago, Ill., USA
Cincinnati, Ohio, USA
Pasadena, Calif., USA

Boulder, Colo., USA

New York, N. Y., USA
Ithaca, N. Y., USA

Fort Collins, Colo., USA

New York, N. Y., USA

Daresbury, England
Hanover, N. H., USA

Dortmund, Germany
Durham, N. C., USA

Edinburgh, Scotland
Chicago, Ill., USA

Zurich, Switzerland

Nashville, Tenn., USA
Gainsville, Fla., USA
Batavia, Ill., USA

Utrecht, Netherlands

Freiburg, Germany
Tallahassee, Fla., USA

Schenectady, N. Y., USA
Geneva, Switzerland
Glasgow, Scotland

Cambridge, Mass., USA
Honolulu, Hawaii, USA
Heidelberg, Germany
Helsinki, Finland

Houston, Texas, USA
Palo Alto, Calif., USA
Chicago, Ill., USA
Urbana, Ill., USA
Chicago, Ill., USA

Bloomington, Ind., USA
Innsbruck, Austria

Journals Measurement Techniques
APAH Acta Phys. Acad. Hungarica ASPK  Automatic spark chambers
ADVP Advances in Physics cc Cloud chamber
ANP Annals of Physics CNTR Counters
ARNS Annual Review of Nuclear Science DASP DESY double-arm spectrometer
BAPS Bulletin of the Amer. Phys. Soc. DBC Deuterium bubble chamber
CJP Canadian Journal of Physics DLCO SLAC~-SPEAR DELCO detector
JAP Journal of Applied Physics DPWA Energy-dependent PWA
JETP English Transl. of Soviet Physics JETP ELEC Electronic combination
JETPL Letters of Soviet Physics JETP EMUL Emulsions
JPA Journal of Physics A FBC Freon bubble chamber
JPG Journal of Physics G ‘FRAB ADONE BB Group detector
JPSJ Journal of the Phys. Soc. of Japan FRAG ADONE YY Group detector
LNC Letters to Nuovo Cimento FRAM ADONE MEA Gfoup detector
NC Nuovo Cimento HBC Hydrogen bubble chamber
NIM Nuclear Instruments and Methods HEBC Helium bubble chamber
NP Nuclear Physics HLBC Heavy liquid bubble chamber
PL Physics Letters HYBR Hybrid: BC + electromnics
PN - Particles and Nuclei IPWA Energy-independent PWA
PPSL Proc. of the Phys. Soc. of London MMS Missing mass spectrometer
PR Physical Review MPWA Model-dependent PWA
PRAM Pramana NEUL Neuland large-angle Vv spectrometer
PRL Physical Review Letters OMEG CERN OMEGA spectrometer
PRSE Proc. of the Royal Soc. of Edinburgh 0SPK Optical spark chamber
PRSL Proc. of the Royal Soc. of London PBC Propane bubble chamber
PTP Progress of Theoretical Physics PLAS Plastic detector
RMP Reviews of Modern Physics PLUT DESY PLUTO detector
RRP Revue Romaine de Physique PWA Partial-wave analysis
SJNP Soviet Journal of Nuclear Physics RVUE Review of previous data
SPU Soviet Physics - Uspekhi SFM CERN split field magnet
ZNAT Zeitschrift fur Naturforschung SMAG SPEAR magnetic detector
ZPHY Zeitschrift fur Physik SMK2 SLAC Mark II detector
SPEC Spectrometer
SPRK Spark chamber
STRC Streamer chamber
Conferences - WIRE Wire chamber
XEBC Xenon bubble chamber
Conferences are referred to by the location in which
they were held (e.g., DUBNA, BOULDER, LUND, etc.).
Institutions
AACH Technische Univ. Aachen Aachen, Germany CERN European Org. for Nuclear Research
AARH Aarhus Univ. Aarhus, Denmark CHIC Univ. of Chicago
ABO Abo. Akademi Abo, Finland CINC Univ. of Cincinnati
ADEL Adelphi Univ. Garden City, N. Y., USA CIT Calif. Inst. of Technology
AERE Atomic Energy Res. Estab. Harwell, Berks., England CNRC Canadian National Research Council Ottawa, Canada
AICH Aichi Educational Univ. Toyota, Aichi Pref., Japan COLO Univ. of Colorado
ALBA State Univ. of New York at Albany Albany, N. Y., USA COLU Columbia Univ.
ALBE Alberta Univ., NRC Edmonton, Canada CORN Cornell Univ.
AMST “Univ. of Amsterdam Amsterdam, Netherlands Ccosu Colorado State Univ.
ANKA Middle East Technical Univ. Ankara, Turkey CRAC Inst. for Nuclear Research Cracow, Poland
ANL Argonne National Lab. Argonne, Il1l., USA CUNY City Univ. of New York
ARIZ Univ. of Arizona Tucson, Ariz., USA CURL Laboratoire Joliot-Curie Paris, France
ATEN Nuclear Res. Centre Demokritos Athens, Greece DARE Daresbury Nuclear Physics Lab.
ATHU Univ. of Athens Athens, Greece DART Dartmouth College
AUCK Univ. of Auckland Auckland, New Zealand DESY Deutsches Elektronen-Synchrotron Hamburg, Germany
BARC Univ. de Barcelona Barcelona, Spain DORT Univ. Dortmund
BARIL Univ. di Bari Bari, Italy DUKE Duke Univ.
BART Bartol Research Foundation Swarthmore, Pa., USA DURH Univ. of Durham Durham, England
BASL Basel Univ. Basel, Switzerland DuUuC University College Dublin, Ireland
BEDF Bedford College London, England EDIN Univ. of Edinburgh
BELG Inst. Interuniv. des Sci. Nuc. Bruxelles, Belgium EFIL Enrico Fermi Inst. for Nucl. Studies
BELL Bell Labs. Murray Hill, N. J., USA EPOL Ecole Polytechnique Paris, France
BERG Univ. of Bergen Bergen, Norway ETH Swiss Federal Inst. of Technology
BERL Inst. Hochenergiephys. DAW Zeuthen/Berlin, DDR FIRZ Univ. di Firenze Firenze, Italy
BERN Univ. Bern Bern, Switzerland FISK Fisk Univ.
BGNA Univ. di Bologna Bologna, Italy FLOR Univ. of Florida
BING State Univ. of New York at Binghamton Binghamton, N. Y., USA FNAL Fermi National Accelerator Lab.
BIRM Birmingham Univ. Birmingham, England FOM Found. for Fundamental Res. on Matter
BNL Brookhaven National Lab. Upton, L.i., N. Y., USA FRAS Lab. Nazionali del C.N.E.N. Frascati, Italy
BOHR Niels Bohr Inst. Copenhagen, Denmark FREL Univ. of Freiburg
BOIS Boise State Univ. Boise, Idaho, USA FSU Florida State Univ.
BONN Univ. Bonn Bonn, Germany GENO Univ. di Genova Genova, Italy
BORD Univ. de Bordeaux Bordeaux, France GESC General Electric Res. and Dev. Center
BOST Boston Univ. Boston, Mass., USA GEVA Univ. de Geneve
BRAN Brandeis Univ. Waltham, Mass., USA GLAS Univ. of Glasgow
BRCO Univ. of British Columbia Vancouver, Canada GRAZ Univ. Graz Graz, Austria
BRIS H. H. Wills Phys. Lab., U. of Bristol Bristol, England GREN Inst. des Sci. Nuc., Univ. de Grenoble Grenoble, France
BROW Brown Univ. Providence, R. I., USA GSco Geological Survey of Canada Ottawa, Canada
BRUX Univ. Libre de Bruxelles Bruxelles, Belgium HAIF Technion -~ Israel Inst. of Technology Haifa, Israel
BUCH Bucharest State Univ. Bucharest, Romania HAMB Univ. Hamburg Hamburg, Germany
BUDA Central Research Inst. of Physics Budapest, Hungary HARV Harvard Univ.
BUFF State Univ. of New York at Buffalo Buffalo, N. Y., USA HAWA Univ. of Hawaii
CAEN Lab. de Phys. Corpusculaire Caen, France HEID Univ. Heidelberg
CAMB Cambridge Univ. Cambridge, England HELS Helsingin Yliopisto
CANB Australian National Univ. Canberra, Australia HIRO Hiroshima Univ. Hiroshima, Japan
CARL Carleton Univ. Ottawa, Canada HOUS Univ. of Houston
CARN Carnegie-Mellon Univ. Pittsburgh, Pa., USA IBM International Business Machines
CASE Case Western Reserve Univ. Cleveland, Ohio, USA IIT Illinois Inst. of Tech.
CATH Catholic Univ. of America Washington, D. C., USA ILL Univ. of Illinois
CAVE Cavendish Lab., Cambridge Univ. Cambridge, England ILLC Univ. of Illinois at Chicago
CccAC Community College of Allegheny County Pittsburgh, Penn., USA ILLG Inst. Laue-Langevin Grenoble, France
CDEF College de France Paris, France IND Univ. of Indiana
CEA Cambridge Electron Accel. Cambridge, Mass., USA INNS Phys. Inst., Univ. Innsbruck
CENG CEN, Grenoble Grenoble, France I0WA Univ. of Iowa
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IPN

IPNP
IPPC
" IRAD
1sU

ITEP
IUPU
JAGL
JHU

JINR
KANS
KARL
KEK

KENT
KEYN
KIAE
KIEV
KINK
KNTY

KONS
LALO
LANC
LAPP
LASL
LAUS
LBL

LCGT
LEBD
LEED
LEHIL
LEID
LENIL
LIBH
LINZ
LIVP
LLL

LOIC
LOQM
LOUC
LOWC
LPNP
LPTP
LRL

LSU

LUND

MADU
MANH
MANI

MASA
MASB
MCGI
MCHS
MELB
MHCO
MICH
MILA
MINN
MIOH
MIT

MODE
MONP
MONS
MONT
MOSU
MPEL
MPIH
MPIM
MSNA
MSsU

MTHO
MULH
MUNC

NAGO
NAPL
NASA
NDAM
NEAS
NEUC
NEVI
NIJM
NIU

NORD
NOVO
NPOL
NRL

NWES
NYU

OHIO
OREG
ORNL
ORSA
0SAK
0SKC
0SLO
0osu

OTTA

Particle Data Group: Review of particle properties

Inst. de Phys. Nucleaire

Inst. de Physique Nucleaire

Inst. for Particle Physics of Canada
Inst. du Radium

Iowa State Univ.

Inst. for Teor. and Exp. Phys.
Indiana U. - Purdue U. at Indianapolis
Jagellonian Univ.

Johns Hopkins Univ.

Joint Inst. for Nucl. Research
Univ. of Kansas

Univ. Karlsruhe

Nat. Lab for High Energy Phys., Japan
Kent Univ. at Cantebury, Kent

Open Univ.

Kurchatov Inst. of Atomic Energy
Physical-Technical Inst.

Kinki Univ.

Univ. of Kentucky

Konan Univ.

B. P. Konstantinov Inst. of Nucl. Phys.
Linear Accelerator Lab, Orsay
Lancaster Univ.

Lapp Univ.

U. C. Los Alamos Scientific Lab.
Univ. of Lausanne

U. C. Lawrence Berkeley Lab.

Lab. di Cosmo-Geofisica del CNR
Lebedev Physics Inst.

Univ. of Leeds

Lehigh Univ.

Inst. Lorentz

Inst. of Nucl. Phys., USSR Acad. Sci.
Lab. Interuniv. Belge High Eng.
Linz Inst. fur Physik, Kepler Hoch.
Liverpool Univ.

Lawrence Livermore Lab.

Imperial Col. of Sci. and Tech.
Queen Mary College

University College

Westfield College

Lab. de Phys. Nucl. et Hautes Energies
Lab. de Phys. Theor. et Hautes Energies
U. C. Lawrence Berkeley Lab.
Louisiana State Univ.

Univ. I Lund

Junta de Energia Nuclear

Univ. Autonome de Madrid

Manhattan College

Univ. of Manitoba

Univ. Mainz

Univ. of Massachusetts

Univ. of Massachusetts

McGill Univ.

Univ. Manchester

Univ. of Melbourne

Mount Holyoke College

Univ. of Michigan

Univ. di Milano

Univ. of Minnesota

Miami Univ.

Massachusetts Inst. of Technology
Ist. di Fisica dell Univ.

Univ. de Montpellier

Univ. de 1°Etat, Mons

Univ. de Montreal

Moscow State Univ.

Moscow Phys. Eng. Inst.

Max Planck Inst. fur Phys.-Astrophys.
Max Planck Inst. fur Phys.-Astrophys.
Ist. di Fisica dell Univ.

Michigan State Univ.

Mt. Holyoke College

Centre Univ. du Haut-Rhin

Univ. of Munich

Midwestern Univ. Research Assoc.
Nagoya Univ.

Univ. di Napoli

NASA, Goddard Space Flight Center
Univ. of Notre Dame

Northeastern Univ.

Univ. de Neuchatel

Nevis Lab.

R. K. Univ. Nijmegen

Northern Illinois Univ.

Nordisk Inst. for Teor. Atomfys.
Inst. of Nucl. Phys.

Northern Polytechnic

Naval Research Laboratory
Northwestern Univ.

New York Univ.

Ohio Univ.

Univ. of Oregon

Oak Ridge National Lab.

Univ. de Paris, Fac. des Sci.
Osaka Univ.

Osaka City Univ.

Oslo Univ.

Ohio State Univ.

Univ. of Ottawa

Illustrative Key (cont’d)
Abbreviations (cont’d)

Institutions (cont’d)

Orsay, France

Paris, France
Montreal, Canada
Paris, France

Ames, Iowa, USA
Moscow, USSR
Indianapolis, Ind., USA
Cracow, Poland
Baltimore, Md., USA
Dubna, USSR

Lawrence, Kansas, USA
Karlsruhe, Germany
Tsukuba-gun, Japan
Cantebury, England
Milton Keynes, England
Moscow, USSR

Kiev, USSR

Osaka, Japan
Lexington, Ky., USA
Kobe, Japan

USSR

Orsay, France
Lancaster, England
Annecy, France

Los Alamos, N. M., USA
Lausanne, Switzerland
Berkeley, Calif., USA
Torino, Italy

Moscow, USSR

Leeds, England
Bethlehem, Pa., USA
Leiden, Netherlands
Leningrad, USSR
Bruxelles, Belgium
Linz, Austria
Liverpool, England
Livermore, Calif., USA
London, England
London, England
London, England
London, England

Paris, France

Paris, France
Berkeley, Calif., USA
Baton Rouge, La., USA
Lund, Sweden

Madrid, Spain

Madrid, Spain

New York, N. Y., USA
Winnipeg, Canada
Mainz, Germany
Amherst, Mass., USA
Boston, Mass., USA
Montreal, Canada
Manchester, England
Parkville, Australia
South Hadley, Mass., USA
Ann Arbor, Mich., USA
Milano, Italy
Minneapolis, Minn., USA
Oxford, Ohio, USA
Cambridge, Mass., USA
Modena, Italy
Montpellier, France
Mons, Belgium
Montreal, Canada
Moscow, USSR

Moscow, USSR
Heidelberg, Germany
Munich, Germany
Messina, Italy

East Lansing, Mich., USA
South Hadley, Mass., USA
Mulhouse, France
Munich, Germany
Stroughton, Wisc., USA
Nagoya, Japan

Napoli, Italy
Greenbelt, Md., USA
Notre Dame, Ind., USA
Boston, Mass., USA
Neuchatel, Switzerland

Irvington-on-Hudson, N. Y., USA

Nijmegen, Netherlaunds
De Kalb, Ill., USA
Copenhagen, Denmark
Novosibirsk, USSR
London, England
Washington, D.c., USA
Evanston, Ill., USA
New York, N. Y., USA
Athens, Ohio, USA
Eugene, Ore., USA
Oak Ridge, Tenn., USA
Orsay, France

Osaka, Japan

Osaka, Japan

0slo, Norway
Columbus, Ohio, USA
Ottawa, Canada
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OXF

PADO
PATR
PAVI

PISA

PRIN

UCND

UCSB
ucsc
UCsD

UNCS
UNH

UPNJ
UPPS
UTAH
UTRE
VAND
VICT
VIEN
VIRG
VP1

WARS
WASH
WIEN
WILL
WIisC
WOOoD
WUPG
WUPP
WUSL
WYOM
YALE
YOKO
ZEEM
2ZURL

Oxford Univ.

Univ. di Padova

Univ. of Patras

Univ. di Pavia

Univ. of Pennsylvania

Univ. di Pisa

Univ. of Pittsburgh
Princeton-Penn. Proton Accel.
Inst. of Physics, CSAV
Princeton Univ.

Physical Science Lab.

Purdue Univ.

Weizmann Inst. of Sci.
Rutherford High Energy Lab.
William Marsh Rice Univ.
Research Estab. Riso
Rutherford Lab. (formerly RHEL)
Royal Military College of Science
Univ. of Rochester

Rockefeller Univ.

Univ. di Roma

Rose Polytechnic Inst.

~Rutgers Univ.

Cntr. d’Etudes Nucl. Saclay
Saga Univ.

Ist. Superiore di Sanita

San Bernardino State College
Seattle Pacific College
Research Center Seibersdorf
Inst. of High Energy Physics
Seton Hall Univ.

Univ. of South Florida

Univ. of Sheffield

Univ. of Southampton

Inst. of Nucl. Phys., USSR Acad. Sci.
Gesamthochschule Siegen

Swiss Inst. of Nuclear Research
Stanford Linear Accel. Center
Southeastern Massachusetts Univ.
Bulgarian Acad. of Sci.
Stanford Univ.

Stevens Inst. of Tech.

St. Louis Univ.

Stockholm Univ.

State Univ. of New York at Stonybrook
Centre des Res. Nucleaires
Univ. of Surrey

Univ. of Sussex

Syracuse Univ.

Texas A and M Univ.

Tata Inst. of Fundamental Research
Univ. of Tel-Aviv

Temple Univ.

Univ. of Tennessee

Univ. of Texas

Nucl. Phys. Inst., Tomsk Polytech Inst.
Univ. of Toronto

Tohoku Univ.

Univ. of Tokyo

Univ. di Torino

TRIUMF, Univ. of British Columbia
Univ. di Trieste

Tufts Univ.

Waseda Univ.

Univ. of Belgrade

Univ. of Calif. at Berkeley
Univ. of Calif. at Davis

Univ. of Calif. at Irvine

Univ. of Calif. at Los Angeles
Union Carbide Nuclear Division
Univ. of Calif. at Riverside
Univ. of Calif. at Santa Barbara
Univ. of Calif. at Santa Cruz
Univ. of Calif. at San Diego
Univ. of Maryland

Union College

Univ. of New Hampshire

Upsala College

Gustaf Werner Inst.

Univ. of Utah

Univ. of Utrecht

Vanderbilt Univ.

Univ. of Victoria

Inst. for High Energy Physics, A. A. S.
Univ. of Virginia

Virginia Polytechnic Inst.
Univ. of Warsaw

Univ. of Washington

Univ. Wien

College of William and Mary
Univ. of Wisconsin

Woodstock College
Gesamthochschule Wuppertal
Univ. Wuppertal

Washington Univ.

Univ. of Wyoming

Yale Univ.

Yokohama Univ.

Zeeman Lab., Univ. of Amsterdam
Univ. Zurich

Oxford, England
Padova, Italy

Patras, Greece

Pavia, Italy
Philadelphia, Pa., USA
Pisa, Italy
Pittsburgh, Pa., USA
Princeton, N. J., USA
Prague, Czechoslovakia
Princeton, N. J., USA
Las Cruces, N. M., USA
Lafayette, Ind., USA
Rehovoth, Israel

Chilton, Did., Berks., England

Houston, Texas, USA
Roskilde, Denmark

Chilton, Did., Berks., England

Shrivenham, England -
Rochester, N. Y., USA
New York, N. Y., USA
Roma, Italy

Terre Haute, Ind., USA
New Brunswick, N. J., USA
Gif-sur-Yvette, France
Saga, Japan

Roma, Italy

San Bernardino, Calif., USA
Seattle, Wash., USA
Vienna, Austria

Serpukov, USSR

South Orange, N. J., USA
Tampa, Fla., USA
Sheffield, England
Southampton, England
Siberia, USSR

Huttental, Germany
Villigen, Switzerland
Stanford, Calif., USA
North Dartmouth, Mass., USA
Sofia, Bulgaria
Stanford, Calif., USA
Hoboken, N. J,, USA

St. Louis, Mo., USA
Stockholm, Sweden
Stonybrook, L.i., N. Y., USA
Strasbourg, France
Surrey, England

Falmer, Brighton, England
Syracuse, N. Y., USA
College Station, Texas, USA
Bombay, India

Tel-Aviv, Israel
Philadelphia, Pa., USA
Knoxville, Tenn., USA
Austin, Texas, USA
Tomsk, USSR

Toronto, Canada

Sendai, Japan

Tokyo, Japan

Torino, Italy

Vancouver, Canada
Trieste, Italy

Medford, Mass., USA
Tokyo, Japan

Belgrade, Yugoslavia
Berkeley, Calif., USA
Davis, Calif., USA
Irvine, Calif., USA

Los Angeles, Calif., USA
Oak Ridge, Tenn., USA
Riverside, Calif., USA
Santa Barbara, Calif., USA
Santa Cruz, Calif., USA
La Jolla, Calif., USA
College Park, Md., USA
Schenectady, N. Y., USA
Durham,  N. H., USA .
East Orange, N. J., USA
Uppsala, Sweden

Salt Lake City, Utah, USA
Utrecht, Netherlands
Nashville, Tenn., USA
Victoria, Canada

Vienna, Austria
Charlottesville, Va., USA
Blacksburg, Va., USA
Warsaw, Poland

Seattle, Wash., USA
Wien, Austria
Williamsburg, Va., USA
Madison, Wisc., USA
Woodstock, Md., USA
Wuppertal, Germany
Wuppertal, Germany

St. Louis, Mo., USA
Laramie, Wyoming, USA
New Haven, Conn., USA
Yokohama, Japan
Amsterdam, Netherlands
Zurich, Switzerland
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Data Card Listings

For notation, see key at front of Listings.

BHRH K H R RHK

gk

FRERIE AR BREARAARR AR AOK R

0 GAMMA(O0,J=1)

O GAMMA MASS (IN UNITS OF 10%%-21 MEV)

3 (6.)  OR LESS

6. OR LESS

2.3 OR LESS

F (0.06) OR LESS

10.. OR LESS
(4.E-Y3)MEV OR LESS

0.73 OR LESS

ZTTETTIXTTXTX

0.6 OR LESS CL=.997
INVALID MEASUREMENT.

n

PATEL 65
GINTSBURG 64
GOLDHABER 68
FRANKEN 71
WILLIAMS 71 CNTR
LOWENTHAL 73
HOLLWEG T4
DAVIS 75

SATELLITE DATA
SATELLITE DATA
SATELLITE DATA

10/69
«10/69
10/69
LOW FREQ RES CIR 3/72
TESTS GAUSS LAW 3/71
GENL RELATIVITY 8/77
ALFVEN WAVES /74
JUPITER MAGFIELD 1/78

SEE CRITICISM IN KROLL 71 AND GOLODHABER T1. 3/78

Aok

FHAARHNA RN RAKRRRKIE $AARAAA R

REFERENCES FOR GAMMA

GINTSBUR 64 SOV. ASTR.AJ?7 536 M. A. GINTSBURG

PATEL 65 PL 14 105 Ve L. PATEL

GOLOHABE 68 PRL 21 567 A. GOLDHABER,M. NIETO
FRANKEN 71 PRL 26 115 P A FRANKEN; G W AMPULSKI
WILLIAMS 71 PRL 26 721 +FALLER,HILL

(ACAD SCI,USSR)
(DURHAM)

(STONY BROOK)
(MICH)
(WESLEYAN)

LOWENTHA 73 PR D8 2349
HOLLWEG 74 PRL 32 961
DAVIS 75 PRL 35 1402

D.D. LOWENTHAL (ucn)
J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH)
+GOLDHABERyNIETO (CIT+STON+LASL)

PAPERS NOT REFERRED TO IN DATA CARDS

GOLDOHABE 71 RMP 43 277 A S GOLDHABER, M M NIETO (STON+BOHR+UCSB)
KROLL 71 PRL 26 1395 N M KROLL (SLAC)
BYRNE T7 AST.SP.SC1.46 115 J.C.BYRNE (Lorcy

ERREEE
Aok ok

Note on Neutrino Mass Limits

(by R. Shrock, State Univ. of New York, Stonybrook)

In the conventional case where all neutrinos
are assumed to be massless and hence degenerate,
it is possible to define the neutrino weak-gauge-

and Vv, the states

T
which couple with unit strength to e, Y, and T,

group eigenstates Var vu, (i.e.,
respectively) to be simultaneously mass eigenstates.

However, in the general case of massive (nondegen-

erate) neutrinos, the gauge-group eigenstates have
no well-defined masses, but instead are linear
combinations of mass eigenstates, which may be

labeled Vv and v,.

17 Var 3
U(1l) electroweak theory,

In the standard SU(2)L g

the mixing of the left-
handed components of the mass eigenstates to form
gauge-group eigenstates is specified2 by a 3® 3

unitary matrix U:

ve . Vl
vy = Ul v, .
Yt V3

L

(The right-handed components vi are singlets.)

R
The lepton mixing matrix U depends on four real
parameters, of which three are CP-conserving

rotation angles, and the remaining one is a CP-
violating phase: It is easy to generalize these
remarks to the case of n> 3 neutrino species. One

should note, however, that there are indications

from astrophysics3 that n may not be larger than 3.
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Thus, in the general case of n neutrino

. 3 - .5
species, decays such as 38 > JHe + e +Vg and

S u+-+vu, which have been used to set the best

. ; 4
upper bounds on the respective neutrino masses, !

really consist of incoherent sums of the separate

3 3 and 1t > U+'*Vj:

decay modes “H > “He +e +V,

where the vi’“j are mass eigenstates, and

i=1,...,k<n, j=1,...,k'Sn, with v, and Vv

X'
being the heaviest such states allowed by phase

space in these two respective decays. The coupling

strength for the ith mode is given for the two

2 _ 2

decays by the factors lUl" = [U .| and
5 5 i ei

logs1” = Tul7e

kinematic factors depending on m(vi) which enter in

There are, in addition, certain

R . .th
determining the branching ratio for the i decay

mode. Since the off-diagonal elements of the lepton
mixing matrix U are constrained to be rather small,
the dominant decays are the ones with coupling

3H > 3He +e+\)l

strength |Uij|2’ where i=j, i.e.,
and Tt > u+-kv2.

It follows that: -(l) the o0ld neutrino mass
limits guoted in the literature for "m(Ve)",
"m(vu)", and "m(V;)" are meaningful only as limits
on m(vi), i=1, 2, and 3, respectively; (2) a neutrino
mass limit cannot be given in isolation — it always
contains some implicit dependence on the relevant
lepton mixing angles. Fortunately, however, this
dependence is relatively unimportant for the
i.e., ev

dominantly coupled decay modes, uvz, and

’
TV;, since IUijiZ is close to unity for i=j. Since
these decay modes were the ones responsible for the
mass limits given previously, the latter can be
reinterpreted without significant change or compli-
cation as proper limits on m(vl), i=1,2, and 3.
This has been done in the Table.
Further neutrino mass limits arising from

subdominantly coupled decay modes and other
which

phenomena, such as neutrino oscillations,

involve Uij

unknown lepton mixing angles,

with i #Jj, are dependent upon the
and hence we shall

not consider them in the present edition.
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Stable Particles : Data Card Listings

. ) . .
v, Ve, € V For notation, see key at front of Listings.
1968), p.367. See also S. Glashow, Nucl. Phys. 3 ELECTRON MAGNETIC MOMENT(E/2ME)
. MM SEE RICH 72 FOR A REVIEW OF THEORY AND EXPERI"ENTS. 3/74
22, 579 (1961); S. Glashow, J. Iliopoulos, and MM (1.0011609)  +=(24) *L0%*%~7 SCHUPP 61 CNTR
— MM (1.001159622) +~(27)*1 0%*~9 WILKINSON 63 CNTR - 8/66
: . . MM (1.001168) +-(22)*10%%~6 RICH 66 CNTR + POSITRON 8/66
L. Maiani, Phys. Rev. D2, 1285 (1970); and, MM R (1.001155557) +-1{30) *10%#-9 RICH 68 CNTR - 6768
MM (1.0011596389)+~(31)*10%**%-10TAYLOR 69 RVUE . 2771
—_ 1 MM (1.001159644) +~(7)* 10**-9 WESLEY 70 CNTR 6/70
for the n=3 case, M. Kobayashi and T. Maskawa, i (1.0011596577)+~(35) %1 0¥*~1OWESLEY 71 CNTR - 2772
MM (1.0011603) +~(12)*10%%-7 GILLELAND 72 CNTR + 2/72
Prog. Theor. Phys. 49, 652 (1973). MM (1.0011596567)+~(35)#] 0%%-10COHEN 73 RVUE 3/74
—_— MM (1.001159667) +-(24)*10%*%-9 WALLS 73 CNTR - BOLOMETRIC TECHN 11/77
MM 1.00115965241+~(20)*10%%~11VANDYCK 77 CNTR SINGLE ELECTRON 12/77
2. See, e.g., B. W. Lee and R. E. Shrock, Phys. MM R RICH 68 IS REEVALUATION OF WILKINSON 63.
DMM (E+ ANUNALOUS MAG MOM)- (E- ANOMALOUS MAG MOM)/AVG UNITS 10%%-5
Rev. D16, 1444 (1977). oMM OR LESS CL=.95 SEREDNYAK 77 CNTR 6/77

3. J. Yang et al., Astrophys. J. 227, 697 (1979); ————

N . 3 ELECTRON ELECTRIC DIPOLE MCMENT(UNITS 10%%-23 E-CM)
see also footnote 4 in G. Steigman et al.,
TEST OF P OR T VIOLATICN IN THE EM INTERACTION

Phys. Rev. Lett. 43, 239 (1979). €M (0.3) OR LESS CL=.90 WEISSKOPF 68 MRS 12/79%
EDM 8.1 11.6 VASILEV 78 12/79%
4. K. Berkvist, Nucl. Phys. B39, 317 (1972). eninn
5. M. Daum et al., Phys. Rev. D20, 2692 (1979).
—_ REFERENCES FOR EL ECTRON
SCHUPP 61 PR 121 1 A A SCHUPP,R W PIDD,H R CRANE (MICH)
WILKINSO 63 PR 130 852 D T WILKINSONsH R CRANE (MICH)
COHEN 65 RMP 37 537 COHEN,DUMOND (N.A.AVIATION SCI.CENTER+CIT)
1 E=NEUTRINO(0yJ=1/2) MOE 65 PR 140 B 992 M K MOEs F REINES (CASE INST TECHNOLOGY)
- - - - RICH 66 PRL 17 271 A RICHy H R CRANE (MICH)
RICH 68 PRL 20 967 A RICH (MICH)
1 E-NEUTRINO MASS (KEV) WEISSKOP 68 PRL 21 1645 wnssmpp.cnkmcu.soum,upwomm (BRAN)
L RMP 4 +PAR ANGENBERI (PRIN+UCI+PENN
M (0.25) OR LESS LANGER 52 CNTR ANTI-NEUT.(TRITIUM) TAYLOR 9 1315 KERsL ERG ue !
M (0.50) OR LESS HAMILTON 53 CNTR ANTI-NEUT. (TRITIUM}.11/73 WESLEY 70 PRL 24 1320 J,C WESLEY,A.RICH (MICH)
M (0. 55) (0.28) FRIEDMAN 58 CNTR ANTI-NEUT.(TRITIUM) WESLEY 71 PR A4 1341 J7C WESLEY.A RICH (MICH)
M 4.1 OR LESS BECK 68 CNTR NEUTRINO(SODIUM 22) 11/73 GILLELAN 72 PR A5 38 J GILLELANO, A RICH (MICH)
M D 0.5 OR LESS DARIS 69 CNTR ANTI-NEUT.(TRITIUM) 11/73 RICH 72 RMP 44 250 A RICHsJ C WESLEY (MICH)
M 0.32 OR LESS SALGO 69 CNTR ANTI-NEUT.(TRITIUM) 11/73
M 0.06 OR LESS BERGKVIS 72 CNT ANTI-NEUT.(TRITIUM) 11/73 COHEN 73 J.PHYS. CHEM REF.DATA 2, P.663, E.R.COHEN,B.N.TAYLOR
] 10.008)OR LESS ccwer 72 THEDR.LIM.FROM COSMOLOGY 3/74 WALLS 73 PRL 31 FoL.WALLS, T.S.STEIN (WASH)
M 0.086 OR LESS CL=.90 72 CNTR ANTI-NEUT.(TRITIUM) 11/73 STEINBER 75 PR D12 zsaz STEINBERGy KW IATKOWSK 14 MAENHAUT yWALL  (UMD)
M D DARIS 69 VALUE .075KEV(CL~—.6'I) DlSAGREES WITH FIG.6. WE USE FIG.6. 11/73 SEREDNYA 77 PL 668 102 SEREDNYAKOVsSIDOROV s SKRINSKY + (NOVO)
VANGYCK 77 PRL 38 310 +SCHWINBERG, DEHMELT (WASH)
M C OR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 11/75
MoC LOWE sv LIMIT FROM STRANGENESS CHANGING DECAY 11/75 VASILEV 78 JETP 47 243 +KOL YCHE VA (JINR)
I KOVALCHU 79 JETPL 29 145 KOVALCHUK+ (NUCLEAR RESEARCH INST-USSR)
et ek ol o ook e okokok
1 (E-NEUTRINO) ~ (E~-ANTINEUTRINO) MASS DIFF. (KEV) A
oM 450. OR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 11/75

2 MU-NEUTRINO(0,J=1/2)

1 E-NEUTRINO MEAN LIFE/MASS (UNITS SEC/EV)
2 MU-NEJTRINO MASS (MEV)

T R 3. E 2 OR MORE REINES 74 CNTR ANTI-NEUTRINO 3/78
T STABLE FALK 78 ASTROPHYS ICS 12/79% M 3.5 OR LE BARKAS 56 EMUL
T R REINES 74 LOOKED FOR E-ANTINEUTRING OF NON-ZERO MASS DECAYING TO 3/78 M 4.0 OR ngz DUDZIAK 59 CNTR
T R A NEUTRAL OF LESSER MASS + GAMMA. USED LIQUID SCINT. DETECTOR NEAR 3/78 M 3.6 OR LESS FEINBERG 63 RVUE 1766
T R FISSION REACTOR. FINDS LAB LIFETIME 6.E7 SEC OR MORE. ABOVE VALUE 3/78 M 3.0  OR LESS ALLCOCK 65 RVUE 7766
T R COF MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF 0.2MEV. 3/78 M 2.5 DR LESS BARDON 65 AS PK
. M 2.8  OR LESS SHAFER 65 CNTR 5/71
ek sfesk ek * Skt ok ojokokaokolokok  allokdokok oK M 1.6 DR LESS BOOTH 67 CNTR 3/68
M 2.2 OR LESS HYMAN 67 HEBC 0. K= HE 11767
. ' M OB M (1.2) OR LESS BACKENSTO 71 CNTR M¥k 22—1.28+-1.24 10/71
REFERENCES FOR E-NEUTRINO M-S 1.15 OR LESS SHRUM 71 CNTR M¥*2=—1.55+-1.14 12/71
" (8 EV) OR LESS COWSIK 72 THEOR.LIM.FROM COSMOLOGY 3/74
LANGER 52 PR 88. 689 L M LANGER,R J D MOFFAT {INDIANA) M oB M 1.15 OR LESS BACKENSTO 73 CNTR M#*%2=-0,294-0.90 1773
HAMILTON 53 PR 92 1521 D HAMILTON,W P ALFORD,L GROSS  (PRINCETON) M 0.65 OR LESS CLARK 74 ASPK KMJ3 DECAY 7774
FRIEDMAN 58 PR 109 2214 LEWIS FRIEDMAN,LINCOLN G SMITH (BNL) ¥ oM (1.01 QR LESS DAUM 76 SPEC Ma%2= 0,234-0.54 1/76
BECK 68 ZPHY 216 229 E BECKsH DANIEL (MPIH) M o 0.57 DAUM 78 SPEC M*%k2= 0.13+4-0.14 3/78
DARIS 69 NP A138 545 R DARIS,C ST-PIERRE (LAVAL-QUEBEC) " M WE cucuurs UPPER LIMIT AT CL=.90 FROM M¥#2. 1/76
SALGO 69 NP A138 417 R C SALGO,H H STAUB (ZURICH) M B BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NEW PI- MASS. 1/73
M os SHRUM_ 71 USES SHAFER 67 PI- MASS VALUE AND CRANE 71 MU MASS VALUE. 1/73
gg:g»;\;(xs ;5 gpm.egg 2:; EAEEQET;KJBE‘EGHEHAND (onty STDCKT‘E'&:’ M D DAUM 78 REPLACES DAUM 76. EVALUATED USING M(PI)=139.5675¢-0.0013 3/78
* =105. -0. . . Hy PRI MM. 7
Cons 12 PR 29 o NIk e (MUNICHe i) M D AND M(MU)=105.65948+-0.00035. R. FROSCH, VATE CO 3/78
CLARK 74 PR D9 533 +ELIOFF, FRISCHy JOHNSON, KER THy SHEN+ Ly
REINES 74 PRL 32 180 +SOBEL»GURR ucr)
ALSC 78 PRIVATE COMM. V. BARNES (PURD) 2 (MU-NEUTRINO) - (MU-ANTINEUTRIND) MASS DIFF. (MEV)
FALK 78 PL 798 511 Se FALK, D. SCHRAMM CEFD) oM 0.45 OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 11/75
Ao R BRRARK KK XK AR Hokookxopxx L
ek ok ok R okl Aotk dololokokok ok kol kokok
2 MU-NEUTRINO MEAN LIFE/MASS (UNITS SEC/EV)
3 ELECTRON(0.5,4=1/2) T B 0 3. E-3 OR MORE BELLOTTI 76 HLBC NEU, CERN GARGAMELL 1/78
T B 1 1.3E-2 OR MORE BELLOTTI 76 HLBC ANTINEU, CERN GARG  1/78
- - T B 0 2.2E-3 OR MORE BARNES 77 DBC NEU, ANL 12FT. 1/78
_ T c (1. E17) OR MORE COWSIK 77 RVUE ASTROPHYSICS 12777
3 ELECTRON MASS (MEV) T B 0 2.6E-2 OR MORE CL=.90 BLIETSCHA 78 HLBC NEU,ANEU CERN,GARGA 1/79%
. T STABLE FALK 78 ASTROPHYSICS 12/79%
M (.511006)(.00002) CCHEN 65 RVUE T B THESE EXPERIMENTS LOOK FOR NEU(MU) --> NEU(E) GAMMA. 1778
“ €.5110041(.0600016) TAYLOR €9 RVUE USING NEW E/H 1770 T C COWSIK 77 REFERS TO RADIATIVE DECAY OF EITHER NEUE OR NEUMU. 12/77
M .5110034 .0000014 COHEN 73 RVUE 3/74
2 MU-NEUTRINO VELGCITY-C: ABS((V-C)/C) (UNITS 10%%-4)
3 ELECTRON MEAN LIFE (UNITS 10%%21 YR) EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO
T 2.0 OR MORE HMOE 65 CNTR 6/66 v 77 2.0 OR LESS C ALSPECTOR 76 SPEC >SOGEV NEU, K DECAY 1/78
T s 5.3 OR MGRE STEINBERG 75 CNTR 2/76 v 26 4.0 DR LESS CL ALSPECTOR 76 SPEC <50GEV NEU, PI OCAY 1/78
T (350.)  OR MORE CL=.68  KOVALCHUK 79 CNTR E- —=>NEU GAMMA  1/80% v 9800 0.4 OR LESS CL KALBFLEIS 79 SPEC 12/79%
T s STEINBERG 75 SENSITIVE TO ALL DECAY MODES IN WHICH DECAY PARTICLES  2/76
TS ESCAPE FROM DETECTOR WITHIUT DEPOSITING ENERGY. TEST OF CHARGE 2/76 — KRR AR K
TS CONSERVATION. 2/16
TSI oo s e REFERENCES FOR MU-NEUTR INO
BARKAS 56 PR 101 778 W H BARKAS,W BIRNBAUM,F M SMITH (LRL)
DUDZIAK 59 PR 114 336 W F DUDZIAK,R SAGANE,J VEDDER (LRL)
FEINBERG 63 ARNS 13 431 G FEINBERG. L M LEDERMAN (COLUMBIA)
ALLCOCK 65 PPSL 85 875 G R ALLCOC (LIVERPCOL)
BARDON 65 PRL 14 449 BARDUN.NDRTDN,PEUPLES + (COLU+STONY BROOK)
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Data Card Listings Stable Particles

For notation, see key at front of Listings. Vy M
SHAFER 65 PRL 14 923 R E_SHAFER,CROWE, JENKINS (LRL) MMR F (3.183326)(.000013) FAVART 71 CNTR HES SPLITTING 2/72
BOOTH 67 PL 26B 39 . BODTH, JOHNSCN,WILLIAMS , WORMALD (L IVERPOOL } MMR  H (3.1833467(.0000082) CROWE 72 CNTR + PRECESSION PHASE 2/72
HYMAN 67 PL 258 376 +LOKEN s PEWI TT, MCKENZ TE+ (ANL+CARN+NWES ) MMR R THE RESULTS THROUGH 1972 ARE INCLUDED IN COHEN.73. 3/74
BACKENST 71 PL 368 403 BACKENSTOSS, DANIEL,KOCH+  (CERN,KARLyHEID) MMR R 3.1833402 .0000072 COH 73 RVUE 3/74
SHRUM 71 PL 378 114 E V SHRUMsK O H 210CK (UNIV OF VIRGINIA) MMR 3.1833299 .0000025 CASPERSUN 75 CNTR 2776
COWSIK 72 PRL 29 669 R COWSIK,J MC CLELLAND (ucB) MMR 3.1833403 .0000044 CASPERSON 77 CNTR + HFS SPLITTING 12/77
BACKENST 73 PL 438 539 BACKENSTOSSs DANIEL,KGCH+ (CERN+KARL+MUNICH) MMR 3.1833448 ,0000029 CAMANI 78 CNTR + PRECESSICN STROB 7/79%
- MMR C  CRANE 71 SUPERSEDES THOMPSON 69. THIS IS NOT A DIRECT MEASUREMENT. 1/73
CLARK 74 PR D9 533 +EL IOFF FR ISCHy JOHNSON, KERTHs SHEN +  (LBL) MMR H  CROWE 72 SUPERSEDES HAGUE 70.
ALSPECTO 76 PRL 36 837 ALSPECTOR + (BNL+PURD+C IT+FNAL+ROCK) MMR F  FAVART 71 ASSUMES A ZERO _VALUE FOR THE PROTON POLARIZABILITY. 1/73
BELLOTTI 76 LNC 17 553 +CAVALLI, FIORINI ,ROLLIER (MILA) MMR O DEVOE 71 SUPERCEDES EHRLICH 69. THIS IS NOT A DIRECT MEASUREMENT. 1/73
DAUM 76 PL 608 380 +DUBAL 4 EATCNs FROSCH, MCCULLOCH+ (SIN+ETH) MMR D WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 1/73
MMR D =—7.8+-2.3 PPM, AS DISCUSSED IN FOOTNOTE 35A OF CROWE 72. 1773
BARNES 77 PRL 38 1049 +CARMONY  DAUWEs FERNANDEZ + (PURD+ANL) MMR e e e e e e e e
COWSIK 77 PRL 39 784 R. COWSIK (MPIM+TATA) MMR AVG 3.18333710. 0000039 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3)
ALSO 79 PR D19 2219 R. COWSIK (TATA) MMR STUDENT3.18333820. 0000032 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
ALSD 79 PR D19 2215 GOLDMAN, STEPHENSON (LASL) (SEE IDEOGRAM BELOW )
BLIETSCH 78 NP B133 205 AACH+LIBH+CERN+EPOL+MIL A+OR SA+LOUC WEIGHTED AVERAGE = 3.1833371 * 0.0000039
DAUM 78 PL 748 126 +EATONsFROSCHHIRS CHMANNy MCCULLOCH+ (SIN) ERROR SCALED BY 2.3
FALK 78 PL 798 S11 S. FALK, D. SCHRAMM (EFI) .
KALBFLEI 79 PRL 43 1361 KALBFLEISCHBAGGETT, FOWLER+(FNAL+PURD+BELL)
PP
otorsnk
4 MUON(106,4=1/2)
4 MUON MASS (MEV)
M (105.659)  (0.002) FEINBERG 63 RVUE
M (105.6599) (0.0014) TAYLOR 69 RVUE USING NEW E/H 7/70
" c (105.6597) (0.0005) CRANE 71 CNTR INCLUDED IN CCOHENT3 1/73
M 0 (105.6594) (0.0004) CROWE 72 CNTR INCLUDED IN CCHEN73 2/72
] 105.65948 0.00035 COHEN 73 RVUE 3/74
M A 05.65545 0.00033 CASPERSON 77 CNTR + 12/77 CHISQ
M C CRANE 71 GIVES MU/ME=206.76878(85). WE USE ME=.5110041(16)MEV. 1/73 -CAMANI 78 CNTR 7.1
M D CROWE 72 GIVES MU/ME=206.7682(5) AND USES ME=.5110041(16)MEV. 1/73
M A CASPERSON T7 GIVES MU/ME=206.76850(29).WE USE ME=.5110036(141MEV.  12/77 Tt "CASPERSON 77 CNTR 0.5
: 65946 0.00024 AVERAGE {ERROR INCLUDES SCALE FACTOR GF 1.0) N (CASPERSON 75 CNTR g.2
46 0. LE FACT! .
M SYUbENTION co940 9:00056 AVERAGE USING STUDENTIO(R/I-11) — SEE MAIN TEXT — -COHEN 73 RUVE _0.2
M FIT 105.65946 0.00024 FROM FIT (ERRGR INCLUDES SCALE FACTOR OF 1.0) 2/80% 16.1
_____ - - 3.1B33 3.1833 3.1833 3.1833 3.1834 3.1834 (EgNlég;_)J
4 MUON MEAN LIFE (UNITS 10%%¥-6) MUON TO PROTON MAGNETIC MOMENT RATIO
T 2.198 0.001 0.001 FARLEY 62 CNTR
T 2,203 0.004 LUNDY 62 CNTR CONLEV=.98 11767 4 MUON PARTIAL DECAY MODES
T 2.202 0.003 0.003 ECKHAUSE 63 CNTR
T 2.197 0.005 0.002 MEYER 63 CNTR + DECAY MASSES
T 2.19 0.002 0.002 MEYER 63 CNTR - 1766 P1 MUON INTO E ANTI(E-NEU) (MU-NEU} .5+ 0+ O
Toow (2.200261(0.00081) WILLIAMS T2 CNTR + 2/76 P2 MUON INTO E 2GAMMA L5« 0+ 0
T 2.1973  0.0003 DUCLOS 73 CNTR + 1/76 P3 MUON INTO 3ELECTRONS 5+ .54 .5
T 2.19711 0. 00008 BALANDIN 74 CNTR + 1/76 P4 MUCN INTO E GAMMA s o
T 2.1948  0.0010 BAILEY2 77 CNTR - STORAGE RINGS 2/79% Ps MUON INTO E (E-NEU) ANTI(MU-NEU} 5 o0+ 0O
T 2.1966  0.0020 BAILEY2 77 CNTR + STORAGE RINGS 2/79% Po MUON INTO E ANTI(E-NEU) (MU-NEU) GAMMA . s+ o0+ 0+ O
T W  WILLIAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 1776
T W  THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGD. 1/76 —
T AVG 2.197120 0.000C77 0.000077 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0) 4 MUCN BRANCHING RATIOS
T  STUDENT 2.197123 0.000083 0.000083 AVG BY STUDENT10(H/1.11) -- SEE MAIN TEXT
RL MUON INTO e+zsmm (IN uan OF 10%%-5) (P2)7(P1)
- R1 1. 90  FRANKEL1 63 ospx +
Rl P OR LESS m .90  POUTISSOU T4 CNTR + 12/75
4 MU+/MU- MEAN LIFE RATIO R1 P POUTI ssou 74 LIMIT APPLIES TO SUM OF ALL NEUTR[NDLESS MU+ DECAYS. /76
0T 1.000 0.001 MEYER 63 CNTR MEAN LIFE MU+/MU-  7/66 R2 MUCN INTO 3E “N UN!'(S OF 10%%-7) (P3)/(P1)
o7 1.0008  0.0010 BAILEY 79 CNTR  “STORAGE RING T/79% R2 F 5.0 CL=.90  PARKER 62 CNTR
ot R R2 F 1.3 DR ALIKHANOV 62 OSPK
DT AVG 1.00040 0.00071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) R2 F 1.5 OR FRANKEL2 63 CNTR
DT STUDENT - 1.00040 0.00077 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT R2 F 1.2 OR BABAEV 63 05PK -
R2 K 0.062 OR LESS c1_=.90 KORENCH2 71 OSPK 2/72
------ R2 K 0.019 OR LESS KORENCHEN 76 SPEC + 6/77
R2 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND
4 MUON ANOMALOUS MAGN. MOMENT (10%*-6*E/(2¥MU MASS)) R2 F ORDER V-A NEJTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED
R2 F BY ASSUMING A CONSTANT MATRIX ELEMENT.
MM SEE RICH 72 AND COMBLEY 74 FOR A REVIEW OF THEORY AND EXPERIMENTS. R2 K THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 10777
MM (1162.0) 5.0) CHARPAK 62 CNTR +
MM B (1165.75) l0 111 BAILEY 68 CNTR + STOR. RINGS 5/69 R3 MUCN INTO E+GAMMA (IN UNITS OF 10%%-8) (P4) /(P1)
MM B (1166.25)  (0.24) BAILEY 68 CNTR - STOR. RINGS 5/69 R3 4.3 OR LESS C FRANKEL1 63 0SPK
MM B ERRORS STATZSTICAL. VALUES COMBINED TO GIVE MU+- VALUE BELOW 5/69 R3 2.2 OR LESS PARKER 64 DSPK
MM 1166416 0.31 BAILEY 68 CNTR +- STOR. RINGS 5/69 R3 2.9 OR LESS KORENCH1 71 0SPK + 10/71
MM 1060. 67. HENRY 69 CNTR + /77 R3 0.36 OR LESS DEPCMMIER 77 CNTR + 12777
MM TA (1165.895) (0.027) BAILEY 75 CNTR + STORAGE RING 11/75 R3 0.11 OR LESS POVEL 77 ELEC + 1779%
MM IA (1165.922)  (0.009) BAILEY 77 CNTR +- STORAGE RING 11/77 R3 0.019 OR LESS BOWMAN 79 SPEC + 7779%
MM (1165.911)  (0.011) BAILEY 79 CNTR + STORAGE RING 7/79%
MM T (1165.937) (0.012) BAILEY 79 CNTR - STORAGE RING T/79% R4 MUON+ INTO (E+ (E~ANTINEU) (MU-NEU)) (P5)/7(P1)
MM 1165. 924 0.0085 BAILEY 79 CNTR +- STORAGE RING 1/79% R4 FORBIDDEN BY ADDITIVE CONSERVATIVATION LAW FOR MUON NUMBER..
MM A BAILEY 77 INCLUDES RESULTS OF BAILEY 75. 11/77 R4 MULTIPL ICATIVE LAW PREDICTS R4=0.5
MM I BAILEY 79 IS FINAL RESULT. INCLUDES BAILEY 75 AND 77 DATA. T/79% R4 0.25 OR LESS CL=.90 EICHTEN 73 HLBC + 11775
MM I THIRD BAILEY 79 RESULT IS FIRST TWO COMBINED. 7/79%
MM e . RS MUCN INTO E ANTI(E-NEU) (MU-NEU) GAMMA (P6) /(P1) 1/78
MM AVG 11659242 ~ 0.0085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) RS 27 EVENTS SEEN ASHKIN 59 CNTR 1/78
MM sruosmués 9242  0.0092 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT RS 1 4E<2  0.4E-2 CRITTENDE 61 CNTR T(GAM) GT 10 MEV 1778
R5 .3E-3  1.3E-3 CRITTENDE 61 CNTR T(GAM) GT 20 MEV 1/78
EDM 4 MUON ELECTRIC DIPOLE MOMENT (UNITS 10%*-19 E-CM) 2/79% RS 862 EVENTS SEEN BOGART 67 CNTR T(GAM) OT 14.5 MEV  1/78
EOM B (8.6) (4.5) BAILEY 78 CNTR + STORAGE RINGS 2/79% .
EOM B (0.8) (4.3) PAILEY 78 CNTR — STORAGE RINGS 2/79% .
EDM B 3.7 3.4 BAILEY 78 CNTR +- STORAGE RI 2/79%
EDM B BAILEY 78 YIELDS EDM < 1.05%10%%~18 WITH CL=.95. THIRD RESULT 1s 2/79% 4 MUON DECAY PARAMETERS
EDM B FIRST TWO COMBINED .ASSUMING CPT. 2/79%
. RELATED TEXT SECTION VI A
RHO RHO PARAMETER (V-A THEORY PREDICTS RHO=0.75}
4 MUCN TO PROTON MAGNETIC MOMENT RATIO RHO C (0.741)  (0.027) DUDZIAK 59 CNTR + 20-53 MEV E+ 10769
RHO P9213 0.745 0.025 PLAND 60 HBC + WHOLE SPECTRUM  10/69
MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS. 3/72 RHO P TWQ PARAMETER FIT TO RHO AND ETA.
MMR SEE CROWE 72. 3772 RHO C 2276  (0.751) (0.034) 8LOCK 62 HEBC =~ WHOLE SPECTRUM  10/69
MMR (3.1865) (.0022) COFFIN 58 CNTR + SPIN RESONANCE 2/72 RHO D (0.64)  (0,04) BARLOW 64 CNTR — WHOLE SPECTRUM  10/69
MMR (3.1830)  (.0011) LUNDY 58 CNTR + PRECESSION STROB 2/72 RHO D (0.661)  (0.016) BARLOW 64 CNTR ¢ WHOLE SPECTRUM  10/69
MMR (3.176)  (.013) LUNDY 58 CNTR — PRECESSION STROB 2/72 RHO D (0.867) 10.035) PGNTECORV 64 CC - 10/69
MMR (3.1834) . (.0002) GARWIN 60 CNTR + PRECESSION PHASE 2/72 RHO D RESULTS IN DOUBT. 10/69
MMR (3.18336) (.00007) BINGHAM 63 CNTR + PRECESSION STROB 2/72 RHO C 800K  (0.7503) (0.0026) PECPLES = 66 ASPK + 20-53 MEV E+ 10769
MMR (3.1808) (.0004) BINGHAM 63 CNTR - PRECESSION STROB 2772 RHO C 280K  (0.760) (0.009) SHERWOOD 67 ASPK + 25-53 MEV E+ 10769
MMR (3.18338) (.00004) HUTCHINS 63 CNTR + PRECESSION PHASE 2/72 RHO C 170K  (0.762) (0.008) FRYBERGER 68 ASPK + 25-53 MEV E+ 10/69
MMR D (3.183351)(.000016) EHRLICH 69 CNTR HFS SPLITTING 2772 RHO C  ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER
MMR C (3.183314)(.000034) THOMPSON 69 CNTR HFS SPLITTING 2772 RHO C  FIT TO RHO AND ETA BY DERENZO 69.
MMR (3.183330) (.000044) HUTCHINS 70 CNTR + PRECESSION PHASE 2/72 RHO 0.7518  0.0026 DERENZO 69 RVUE 10/69
MMR H (3.183347)(.000009) HAGUE 70 CNTR + PRECESSION PHASE 2/72 RHO I SN
MMR  C (3.183336)(.000013) CRANE 71 CNTR HFS SPLITTING 2772 RHO AVG 0.7517 0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
MMR D (3.183349) (. 000015) DE VOE 71 CNTR HES SPLITTING 1773 RHO STUDENT  0.7517  0.0028 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
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My Vo, T*

ETA ETA PARAMETER (v- A THEORY PREDICTS ETA=0)
ETA P S213 (-2.0) {0 ANO 60 HBC + WHOLE SPECTRUM
ETA P TWO PARAMETER F[T TD RHC AND ETA— PLAND 60 DOISCOUNTS VALUE FOR ETA
ETA C 800K (0.051) {10.5) PEOPLES 66 ASPK + 20-53 MEV E+
ETA C 280K (-0.7) (0.6) SHERWOOD 67 ASPK + 25-53 MEV E+
ETA C 170K (-0.7) (0.5) FRYBERGER 68 ASPK + 25-53 MEV E+
ETA C RHO CONSTRAINED <75,
ETA 6246 -0.12 0.21 DERENZO 69 HBC + 1.6-6.8 MEV E+
Xxs1 XS1 PARAMETER (V-A THEORY PREDICTS XSI=1)
XS1 9K 0.97 0.05 BARDCN 59 CNTR BROMOFORM TARGET
XSI 8354 0. 93 0. 06 PLANO 60 HBC + 8.8 KGAUSS
XSI1 A (0.903) (0.027) LI- 61 EMUL + 27 KGAUSS
XSI A DEPOLARIZATIGN BY MEDIUM NOT KNDNN SUFFICIENTLY WELL «
XSI 6 66K (0 975) (0 030) GUREVICH 64 EMUL 140 KGAUSS
XS1I GUREVICH 67 EMUL
XSI G GUREVICH 67 SUF’ERSEDES GUREVICH 64
XS1 .
XSI AVG 0-972 0.013 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0)
XSI STUDENT 0.973 0.014 AVERAGE USING STUDENTLIO(H/1.11) == SEE MAIN T
DEL DELTA PARAMETER (V A THEORY PREOICTS DELTA=0.75)
DEL 8354 0.78 0.05 ANC 60 HBC + WHOLE SPECTRUM
DEL 0.782 0.031 KRUGER 61
DEL 490K 0.752 0.009 FRYBERGER 68 ASPK + 25-53 MEV E+
DEL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV
DEL e .
DEL AVG 0.7551 0.0085 AVERAGE (ERRCR INCLUDES SCALE FACTGR OF 1.0)
DEL STUDENT 0.7550 0.0094 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN T
HEL HELICITY OF DECAY ELECTRON.
HEL (v-A THEORY PREDICTS HELICITY=+-1 FOR E+-, RESPECTIVELY)
HEL WE HAVE FLIPPED THE SIGN FOR E— SD OUR PROGRAMS CAN AVERAGE
HEL O 0.2 (0. 63 CNTR + ANNIHILATICN
HEL D IN DOUBT- PUS!TRDNS POSSIBLY DEPDLARIZED lN BE MODERAT Ok~
HEL 1.05 0.3 ER ANNIHILATION
HEL 0. 94 0. BB BLOCM 64 CNTR + BREMS TRANSMISS
HEL 1.04 0.18 oucLes 64 CNTR + BHABHA SCATT
HEL 29K 0.89 0.28 SCHWARTZ 67 OSPK =~ MOLLER SCATT
HEL e e e e e e e e
HEL AVG 1.00 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
HEL STUDENT’ 1.00 0.14 AVERAGE USING STUDENT10(H/1.11) -— SEE MAIN T
GS SCALAR COUPLING CCNSTANT IN MUDN DECAY (IN UNITS OF GV)
GS 0.33 OR LES ERENZO 69 RVUE
GA AXIAL VECTOR COUPLING CGNSTANT IN MUGN DECAY (IN UNITS OF GV)
GA 0.86 0.33 0.11 DERENZO 69 RVUE
FAV PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS (DEGREES)
FAV 80. 15. DERENZO 69 RVUE
GT TENSOR COUPLING CONSTANT IN MUGN DECAY (IN UNITS QOF GV}
GT 0.28 OR LESS DERENZO 69
GP PSEUDOSCALAR COUPLING CONSTANT IN MUGN DECAY (IN UNITS OF GV)
GP 0.33 OR LESS DERENZO 69 RVUE
HopEE R * HEARIR AR R RHKRAOE AR ARRIAA
REFERENCES FOR MUCN
COFFIN 58 PR 109 973 +GARWINs PENMANy LEDERMAN 9 SACHS (COLUMBIA}
LUNDY 58 PRL 1 38 +SENSy SWANSCN, TELEGDT,YOVANOVITCH (CHICAGO)
ASHK IN 59 NC 14 1266 +FAZZINI,FIDECARO, LIPMANSMERRI SON + (CERN)
BARDGN 59 PRL 2 56 M BARDON, D BERLEY, L LEDERMAN (COLUMBIA)
DUCZIAK 59 PR 114 336 W DUDZIAKsR SAGANE, J VEDDER (LRL)
GARWIN 60 PR 118 271 GARWINy HUT CHINSONy PENMAN, SHAPTRO (COLUMBIA)
PLANO 63 PR 119 1400 R J PLANO (COLUMBIA)
ALI-ZADE 61 JETP 13 313 ALI-ZADE,GUREVICH,NIKOLSKI (USSR)
CRITTEND 61 PR 121 1823 CRITTENDEN ; WALKERBALLAM (MSU+MICH)
KRUGER 61 UCRL-9322 (UNPUB) H KRUGER (LRL)
AL IKHANO €2 CERN CONF 423 A I ALIKHANOVsA BABAEV + (ITEP MOSCOW)
BLOCK 62 NC 23 1114 BLOCKs FIORINI,KIKUCHI+( DUKE,BOLUGNA, MI LAND)
CHARPAK 62 PL G CHARPAKy F J M FARLEY,R L GARWIN + (CERN}
FARL EY 62 CERN CCNF 415 FARLEY,MASSAM,MULLER,ZICHICHI (CERN)
LUNDY €2 PR 125 1686 KICHARD A LUNDY (EFIL)
PARK ER 62 NC 23 485 S PARKER S PENMAN (EFI)
BABAEV 63 JETP 16 1397 BABAEV s BALATS, KAFTANDOV, LANDSBERG + CITEP)
BINGHAM &3 NC 27 1352 G.MCD.BINGHAM (LRL)
BUHLER 63 PL 368 +CABIBBO,FIDECAROy MASSAM, MULLER+ (CERN)
DICK €3 PL 7 150 DICK+FEUVRAIS, SPIGHEL (CERN)
ECKHAUSE 63 PR 132 422 M ECKHAUSE,T A FILIPPAS + (CARNEGIE)
FEINBERG 63 ARNS 13 431 GERALD FEINRERG, L M LEDERMAN (COLUMBIA)
FRANKELL 63 NC 27 894 S FRANKEL,W FRATI,J HALPERN + (PENN)
FRANKEL2 63 PR 130 351 S FRANKELsW FRATI,J HALPERN + (PENN)
HUTCHINS 63 PR 131 1351 HUTCHINSONyMENESsPATLACH, SHAPIRO (COLUMBIA}
ME YER 63 PR 132 2693 S L MEYERy ANDERSON, BLES ER, LEDERMAN+ (COLU)
BAFLOW 64 PPS 84 239 +BOOTH,CARROL, COURT, DAVIES, EDWARDS+ (L1IVP)
BLCOM €4 PL 8 87 +DICK,FEUVRAIS, HENRY, MACQ, SPIGHEL {CERN)
DUCLOS 64 PL 9 62 +HEINTZE,DE RUJULA,SOERGEL (CERN)
GUREVICH 64 PL 11 185 GUREVICHy MAKARIYNA+ (KIAE)
PONTECOR 64 DUBNA CONF PCNTECORVC s SULYAEV {MOS COW)
PARKER 64 PR 1338B 768 S PARKERyH L ANDERSON,C REY (EFIL)
PEOPLES 66 NEVIS-147 (UNPUB) J PFEOPLES (COLUMBIA)
BOGART 67 PR 156 1405 +DICAPUAy NEMETHY, STRELZCFF (coLyw
GUREVICH 67 IAE 1297 GUREVICHsMAKARIYNA, MI SHAKOV A+ (KIAE)
SCHWARTZ 67 PR 162 1306 D M SCHWARTZ {EFI)
SHERWOOD 67 PR 156 1475 B A SHERWOOD (EFI)
BAILEY 68 PL 288 237 +BARTL, VCN BOCHMANN, BROWN,FARLEY+ (CERN)
ALSC 72 NC 9A 369 +BARTL, VON BOCHMANN, BROWN, FARLEY+ (CERN}
FRYBERGE 68 PR 166 1379 D FPYBERGER (EFI)
DERENZO 6S PR 181 1854 S DERENZO (EFI)
EHRLICH 69 PRL 23 51 +HOFER yMAGNONy STOWELL y SWANSON+ (CHICAGO)
HENRY 69 NC 63A 995 +SCHRANKy SWANSON {STAN+UCSB+UCSD)
TAYLOR 69 RMP 41 375 +PARKER , LANGENBERG (PRIN+UCI+PENN)
THCMPSON 69 PRL 22 163 +AMATO, CRANE s HUGHE S, MOBLEY + (YALE)
HAGUE 70 PRL 25 628 +ROTHBERGsSCHENCK, WILLIAMS+ (HWASH+LRL )
HUTCHINS 70 PRL 24 1254 HUTCHINSON s LAR SONy SCHOEN, SOBER 4+ (PPA)
CRANE 71 PRL 27 474 +CASPERSUN yCRANE y EGAN, HUGHE S+ (YALE)
DEVOE 71 PRL 25 1779(ER) +MCINT GREy MAGNON, STOWELL y SWANSON+ (CHICAGG)
ALSO 71 PRL 26 21 DEVOE ; MCINTGRE s MAGNON, STOWELL + (CHICAGOD)
FAVART 71 PRL 27 1336 +MCINTYRE s STOWEL L, TELEGDI,DEVOE+ (CHICAGO)
KGRENCH1 71 SJUNP 13 190 KORENCHENKOs KOSTINsMICELMACHER + “(JINR)
KORENCH2 71 SJNP 13 728 KGRENCHENKOs KOSTIN, MICELMACHER+ (JINR)
CROWE 72 PR D5 2145 +HAGUE yROTHBERG SCHENCK + (LBL+WASH)
WILLIAMS 72 PR D6 737 R W WILLIAMS,D L WILLIAMS (WASHINGTON)
COHEN 73 J.PHYS.CHEM.REF.DATA 2,4 P.663, E.R.COHEN,B.N.TAYLOR
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Data Card Listings

For notation, see key at front of Listings.

bucLOs 73 PL 478 491 +MAGNON, PICARD (SACL)
EICHTEN 73 PL 468 281 +DEDEN+(AACH+BELG+CERN+EPOL+MILA+LALO+LOUC)
BALANDIN 74 JETP 40 811 +GREBENYUK yZINOV, KONIN, PONOMAREV (JINR)
POUTISSO 74 NP B8O 221 POUT ISSOUy FELAWKAy INGRAM + (MONT+BRCO)
BAILEY 75 PL 55B 420 +BORER+ (CERN+DARE+BE RN+ SHEF+MANZ+RMCS +B IRM)
CASPERSO 75 PL 59B 397 CASPERSONsCRANE+ (YALE+LASL+HEID+BERN+WYOM)
KORENCHE 76 JETP 43 1 KORENCHENKO, KOSTINy MITS ELMAKHER+ (JINR)
BAILEY 77 PL 678 225 +BORER+ (CERN+CARE+BERN +SHEF+MANZ +RMC S+B IRM)
R 77 PL 688 191 +BORER+/CERN+DARE+BERN+SHEF +MANZ+RMCS +8 IRM
BAILEY2 77 NATURE 268 301 (DARE+BERN+SHEF+CERN+MANZ+RMC S+BIRM)
ALSO 79 BAILEY
CASPERSO 77 PRL 38 S$56 CASPERSON,CRANE+ (BERN+HEIO+LASL+WYUM+YALE)
DEPOMMIE 77 PRL 39 1113 DEPOMMIERy MART IN+(MONT+BRCO +TR IU+VIC T+MELB )
POVEL 77 PL 728 183 +DEY sWALTER, PFEIFFER + (ZURI+ET H+SIN)
BAILEY 78 JPG 4 345 {DARE+BERN+SHEF+MANZ +RMCS+CERN+BIRM)
ALSO 79 BAILEY
CAMANT 78 PL 77B 326 +GYGAXsKLEMPT,RUEGG s SCHENCK+ {ETH+MANZ)
BAILEY 79 NP B150 1 (DARE+BERN+SHEF+MANZ +RMCS+CERN+B IRM+LBL+)
BOWMAN 79 PRL 42 556 +COOPER,HAMM ,HOFFMAN + (LASL+EFI+STAN)
PAPERS NOT REFERRED TO IN DATA CARDS
FISHER 59 PRL 3 349 FISHERy LEONTICy LUNDBY,MEUNIER, STROOT (CERN)
ASTBURY 60 ROCH CCNF 60 542 ASTBURY,HATTERSLEY,HUSSAIN + (LIVERPOOL)
DEVGNS 60 PRL 5 330 DEVONS+GIDAL » LEOERMAN , SHAPTRO (COLUMBIA)
LATHROP 60 NC 17 109 J LATHROP,R A LUNDY,V L TELEGDI + (EFI)
LATHROP 60 NC 17 114 J LATHROPsR A LUNDY,S PENMAN + LEFT)
REITER 60 PRL 5 22 REITER, ROMANGWSKI, SUTTON. + (CARNEGIE)
TELEGDI 60 ROCH CONF 60 713 V L TELEGDI (CERN)
CHARPAK 61 PRL 6 128 CHARPAK s FARLEY s GARWIN, MULLER, SENS + (CERN]
HUTCHINS 61 PRL 7 129 D P HUTCHINSON:J MENES + (COLUMBIA)
SHAPIRO 62 PR 125 1022 G SHAPIRO,L M LEDERMAN (COLUMBIA)
FAIRLEY 66 NC 45A 281 FAIRLEYEAILEY yBROWN,GIESCH + (CERN)
VOSSLER 69 NC 63A 423 C VOSSLER (EFI)
RICH T2 RMP 44 250 A RICHsJ C WESLEY (MICH)
COMBLEY 74 PRPL 14 1 F.COMBLEY,E.PICASSO (CERN)
FARLEY 79 ARNPS - TO BE PUB FARLEY, PICASSC (RMCS+CEKN)
ok sk kR R ARk
TREER ox R R AAK
36 TAU NEUTRINO
NOT YET ESTABLEISHED.
CMITTED FROM TABLE.
36 TAU NEUTRINO MASS (MEV)
M P 144 600. PERL 77 SMAG E+E-3.8-7.8GEV ECM 12/77
M 740. BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78
M (540. 1 ¢ BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78
M B 594 250. OR LESS CL=.95 BACINO 79 OLCO E+E- ECM=3.5-7.4GEV 7/79%
M P PERL 77 IS E+E- TO TAU+ TAU- EXPT. VALUE QUOTED ASSUMES V-A DECAY 12777
M P AND TAU MASS=1S00 MEV. 12777
M B BACINO 79 EXPT RULES OUT V+A DECAY. T/79%
kol * FHERRHAEA HHARRTAK
REFERENCES FOR TAU NEUTRINO
PERL 77 PL 708 487 +FELDMANABRAMS, ALAM,BOYARSKI+ (SLAC+LBL)
BRANDELI 78 PL 73B 109 BRANDELIK + (AACH+DESY+HAMB+MPIM+ TOKY)
BACINO 79 PRL 42 749 +FERGUSON, NOOULMAN+ (UCLA+S LAC+UCI+STON}
Hm R AR A A Fok ook Rk
Fk Ak FARR KK
35 TAU+-(1800,J=1/2) HEAVY LEPTON
E+E~ --> TAU+TAU- CROSS SECTION THRESHOLD BEHAVIOR
AND MAGNITUDE CONSISTENT WITH POINTLIKE SPIN 1/2
DIRAC PARTICLE. BRANDELIK 78 RULES OUT POINTLIKE
SPIN 0 OR SPIN 1 PARTICLE.
35 TAU MASS {MEV)
M P 64(1800.) (200.) PERL 75 SMAG INCL. IN PERL 77 2/78
M B 220(1910.) (30.) BURMEST1 77 PLUT ASSUMES V-A DECAY 12/77
M B.220(1790.) (70.) BURMEST1 77 PLUT ASSUMES V+A DECAY 12777
M P 144(1900.) (100.1) PERL 77 SMAG E+E- 3.8-7.8GEV ECM 12/77
M A 6S2 1782, 2. 7. BACING 78 DLCO E+E- ECM=3,1-7.4GEV 1/79%
M R 299 1787. 10. 18. BARTEL 78 SPEC E+E- 3.6-4.4GEV ECM T7/79%
M 807. 20. BRANDELIK 78 DASP E+E- 3.1-5,2GEV ECM 3/78
M B BURMESTER 77 MASS VALUE ARE FROM EVENTS CONTAINING MU+- PLUS CNE 12/77
M B GTHER PRONG, ORIGINATING FROM E+ E- --> TAU+ TAU-. THE MASS 12777
M B VALUES COME FROM A FIT TO THE SHAPE AND ECM DEPENDENCE OF THE 12/77
M B MU+- SPECTRA, ASSUMING THAT THE TAU SPIN IS 1/2 AND ITS ASSOC 12777
M B NEUTRINO HAS M=0. 12777
M P PERL 77 VALUE COMES FROM E+ E- TO E+- MU-+ ANO NO OTHER DETECTED 12777
M P PARTICLES. ASSUMES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO. 12777
M A BACINO 78 VALUE COMES FROM CS THRESHHOLD. SEE 70 EVENTS BELOW 1/79%
M A CHARM THRESHHOLD. ENERGY DEPENDENCE CUGNFIRMS SPIN 1/2. 1/79%
M R BARTEL 78 FITS ENERGY DEPENDENCE OF CS FOR E+- AND MU+- EVENTS. T/79%
M R MASS VALUE NOT DEPENDENT ON WHETHER V-A OR V+A DECAY ASSUMED. T/79%
M e e e s e e 0 e
M AVG 1783.5 4.2 AVERAGE (ERRCR INCLUDES SCALE FACTOR GF 1.0)
M STUDENT1783.4 4.6 AVERAGE USING STUDENT10(H/1.11) == SEE MAIN TEXT
35 TAU MEAN LIFE (UNITS 10%%~12SEC)
T 77 (9.0} OR LESS CL=.95 ALEXANDER 79 PLUT E+E- 3.9-5 GEV ECM T/79%
T 594 (2.3) OR LESS CL=.95 BACING2 79 OLCO E+E- ECM=3.5-7.4GEV 7/79%
35 TAU PARTIAL DECAY MODES
DECAY MASSES
Pl TAU+- INTO MU+~ NEU(MU) NEU(TAU) 105+ o+
P2 TAU+- INTO E+- NEU(E) NEU(TAU) . 5¢ 0+ 0o
P3 TAU+~ INTO E+— GAMMA(S) 5+ ]
P4 TAU+- INTO MU+- GAMMA(S) 105+ 0
P5 TAU+- INTO E+- CHARGED PARTICLES
P& TAU+- INTO MU+- CHARGED PARTICLES
P7 TAU+- INTO HADRON+- NEUTRALS
P8 TAU+- INTO 3 HADRONS+- NEUTRALS
P9 TAU+- INTO NEU(TAU) RHDO PI+- 0+ 776+ 139
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P10 TAU+- INTO NEU(TAU) Al(lloo)’— 0+1100 R12 TAU+— INTO (NEU A1(11001+-)/TOTAL (P10)
P11l TAU+- INTO K+- NEUTR. R12 A 21 (0.10) (0.03) ALEXAND1 78 PLUY E+E- 4-5 GEV ECM 12/778%
P12 TAU+- INTO NEU(TAU) P]-‘-— 0+ 139 R12 A NOT INDEPENDENT OF ALEXANDER1 78 R11 VALUE ABOVE. ASSUMES THAT ALL 12/78*
P13 TAU+- INTO NEU(TAU) 2PI+- PI-+ (INCL. P9, P10) O+ 139+ 139+ 139 R12 A (NEU RHOO PI+-) EVENTS ARE (NEU Al+-) AND THAT BR(E+- NEU NEU)=.16. 12/78%
PL4  TAU+- INTO NEU(TAU) 2PI+- PI-+ (P10S} (INCL. P13) O+ 139+ 139+ 139
P15 TAUs~ INTO NEU(TAU) AND 3 OR MORE CHGD. PARTICLES RIS TAUs- INTQ (NEU 2p1e= PI-+ (PIOS) IS (MU= NEU NEU) (P41*(p1)
P16 TAU+- INTC NEU(TAU) RHO+- o+ 776 R13 J 33 0.032 0.012 ARO 78 SMAG E+E- ECM > 6 GEV 1/779%
R13 3 32r0s 7 7oNDS BR(NGU 3P1 (PI0STIm s 18+-. 005 ASSUNING BR(MOIZO-TB.  L1/7ow
R13 J WE MULTIPLY TO OBTAIN ABOVE VALUE.
g R13 e o s s e o s e o
R13 FIT 0.032 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS
R14 TAU+= INTO (NEU 2PI+4— PI-+)%*(MU+- NEU NEU) (P13)%(P1)
The matrix below is derived from the error matrix for the fitted partial decay mode R14 J 13 0.013 0.009 JAR 78 SMAG E+E- ECM > 6 GEV 1/79%
. ) . Rie ) Jinos 75 FINDS BRONGU 3P1)=.0Tver05 ASSUNING BRUMUI=0.18.  WE 1/79%
branching fractions, Py, as follows: The diagonal elements are P;+0P;, where R14 J MULTIPLY TC OBTAIN ABOVE VALUE. EVENTS CONSISTENT WITH BEING
Spi =y (5Pi5pi> , while the off -diagonal _elaments are the normalized correlation coeffi- R14 J RHO PI OR Al.
cients (OP,6P;) /(5P - 5P). For the definitions of the individual P}, see the listings DA %0 0130 6.5090 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.00

above; only those P, appearing in the matrix are assumed in the fit to be nonzero and

s R15 TAU+— INTO (NEU(TAU) .GE. 3 CHARGED PARTICLES)/YOTAL (P15)
are thus constrained to add to 1.

R1S 692 0.32 0.05 BACINO 78 DLCO E+E— ECM=3.1-7.4GEV 1/79%
P1 P2 3K P12 P13 P14 P16
P 1 .1791+-.0153 R16 TAU+- INTO (NEU(TAU) PI+-)*(E+- NEUCE) NEU(TAU)) (P12)%(P2)
P2 16 £1668+-.0109 RL6 A 23 0.015 0.006 ALEXAND2 78 PLUT E+E- ECM=3.6-5 GEV  2/79*
(X3 -.2140  .0424+-.0127 R16 B 10 0.013 0.006 BACINOLl 79 DLCO E+E- ECM=3.6-7.4GEV 1/79%
P12 -.2063 L0442  .0824+-.0255 . R16 A ALEXANDER2 78 QUOTE BR(PI)=.090+-.038(STAT.+SYST.ERRORS COMBINED IN 2/79%
P13 .0202 ~.0043 ~.0042 .0726+-.0506 RL6 A GUADRATURE) USING BR(E)=.167+-.010. WE MPY. BY .167 TO GET ABV.VAL. 2/79%
P14 .0366 -.0078 0075 20271  .1787+-.0687 R16 B BACINOL 79 QUOTES BR(PI)=0.080+-0.035(STAT.+SYST.ERRORS COMBINED IN 1/79%
(313 -.1154 . 0247 .0238 .0278 .0504 .2175+-.04 10/70 R16 B QUADRATURE) ASSUMING BRI{E)=0.16. WE MPY. BY 0.16 TO GET ABOVE VAL. 1/79%
R16 e e e e e e e
- R16 AVG 0.0140  0.0042 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R16 STUDENT  0.0140 0.0046 AVERAGE USING STUDENT1O0(H/1.11) —- SEE MAIN TEXT
————— R16 FIT 0.0140° 0.0042 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
35 TAU BRANCHING RATIOS R17 TAu+- INTO (NEU(TAU) RHD*-)*(E*— NEU(YAU) NEU(EH (P16)%(P2) 12/79%
R17 0.0421  0.00 79 SMA 12/79%
RL TAU+- INTO (MU+~ NEUCMU) NEU(TAU))/TOTAL (P1) ! R17 e .
R1 220 0.15 0.03 BURMEST1 77 PLUT ASSUMES V-A DECAY 12777 R17 FIT 0.036? 0.0069 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R1 220 (0.19)  (0.04) BURMESTL 77 PLUT ASSUMES V+A DECAY  12/77
R1 0.175 0.040 PERL 77 SMAG E+E~ TO MU+~ X—+ 12/77 R18 TAU+- INTO (NEU(TAU) RHO+-)%(MU+— NEU(TAU) NEU(MU)) (PLé)*(P1) 12/79%
R1 0.22 0.10 0.07 CAVALLISF 77 SPEC E+E- TO MU+~ X-+ 1/78 R18 0.0329  0.0100 ABRAMS 79 SMAG 12/79%
RL S 11 0.22 0.07 0.08 SMITH 78 SPEC E+E= TO MU+MU-XO T7/79% R18 . .
R1 e e e e e R18 FIT "0.0385 ~ 0.0072 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0)
RL AVG 0.168 0.022  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) :
Rl STUDENT  0.168 0.024  AVERAGE USINC STUDENTLO(H/1.11) ~- SEE MAIN TEXT U ——
R1 FIT 0.179 0.015 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
REFERENCES FOR TAU(1800) HEAVY LEPTON
R2 TAU+~ INTO (E+~ NEU(E) NEU(TAU))/TOTAL (p2)
Rz B 459 0.160 0.013 CIN 78 DLCO E+E- ECM=3.1-T.4GEV 1/79% PERL 75 PRL 35 1489 +ABRAMS ,BOYARSKI \BREIDENBACH +  (LBL+SLAC)
R2 B BACINO 78 VALUE COMES FROM rxr ro EVENTS WITH E+- AND 1 OTHER 1/79% PERL 76 PL 638 466 +F ELDMAN,ABRAMS y ALAM, BOYARSKI + (SLAC+LBL )
R2 B NONELECTRON CHARGED PRONG. 1/79%
R2 LR BARBARO- 77 PRL 39 1058 BARBARD-GALTIERI+ (LBL+NWES+SLAC+HAWA)
R2 FIT 2.170 0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) BRANDELT 77 PL 708 125 BRANDELIK + (AACH+ DESY +HAMB+MPIM+T OKY )
BURMEST1 77 PL 688 297 BURMESTER,CRIEGEE +  (DESY+HAMB+SIEG+WUPG)
R3 TAU+= INTO (L+= NEU(L) NEU(TAU))/TOTAL SQRT (P1%P2) BURMEST2 77 PL 688 301 BURMESTER,CRIEGEE +  (DESY+HAMB+STEG+WUPG)
R3 WHERE L MEANS E OR MU. EQUALITY OF € AND MU MODES IS ASSUMED. CAVALLIS 77 LNC 20 337 CAVALLI-SFORZA,GOGGI + (PAVI+PRIN+UMD)
R3 P 105 0.17 2.06 0.03 PERL 76 SMAG 3/17 PERL 77 PL 708 487 +FELDMANy ABRAMSy ALAMs BOYARSKI+  (SLAC+LBL)
R3 B 144 0.186 0.030 PERL 77 SMAG 12777 '
R3 B 21 0.224 0.055 BARBARO-G 77 SMAG s ALEXANDL 78 PL 738 99 AL EXANDER +CRIEGEE+ (DESY+AACH+SIEG+WUPG)
R3 8 13 0.182 0.031 BRANDELIK 78 DASP ASSUMES V-A DECAY 3/18 ALEXAND2 78 PL 788 162 ALEX ANDE R+ (DESY +AACH+HAMB+S IEG+WUP G )
R3 B 13 (0.206) (0.036) BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78 BACINO 78 PRL 41 13 +FERGUSON s NODULMAN +  (UCLA+SLAC+UCI+STON)
R3 B WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY. 3/78 | BARTEL 78 PL 778 331 +DITTMANN, DU INKER, OL SSONyONEILL+( DESY+HEID)
R3 P ASSUMES V-A COUPLING, TAU MASS=1.8 GEV, TAU NEUTRINO MASS=0.
R3 B ASSUMES V-A COUPLING, TAU MASS=1.9 GEV, TAU NEUTRINO MASS=0. BRANDEL1 78 PL 738 10 BRANDELIK + (AACH+DESY+HAMB+ MPI M+ TCKY)J
R3 R N HEILE 78 NP B138 1&9 +PERLy ABRAMS ;ALAM, BOYARSKI+ (SLAC+LBL)
R3 AVG 0.186 0.018  AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0) JARGS 78 PRL 40 1120 +ABRAMS,ALAM+ (SLAC+LBL+NWES+HAWA)
R3  STUDENT 0.186 0.020 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT SMITH 78 PR D18 1 +FORDy MORSEy MANN,RESVANIS+ (COLO+PENN+WISC)
R3 FIT 0.1744  0.0085 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
: ABRAMS 79 PRL 43 1555 +ALAM, BLOCKER s BOYARSKI + (SLAC+LBL)
R4 TAU+- INTO E+- NEUCE) NEU(TAU)/MU+- NEU(MU) NEU(TAU)(P2)/(P1) ALEXANDE 79 PL 818 84 ALEXANDER + (DESY+AACH+HAMB+SIEG+WUPP )
R4 PREDICTED TO BE 1 FOR SEQUENTIAL LEPTCN, 2 FOR PARAELECTRON, BACINOL 79 PRL 42 6 +FERGUSON+NODULMAN +  (UCLA+SLAC+UCI+STON}
R4 AND 1/2 FOR PARAMUGN. PARAELECTRON ALSO RULED OUT BY HEILE 78. BACINO2 79 PRL 42 749 +FERGUSON y NODULMAN+ (UCLA+SLAC+UC I+ STON)
RG 21 0.92 0.37 BURMEST2 77 PLUT ASSUMES V-A DECAY  12/77 |
R4 21 (c 67) (o za; BURMEST2 77 PLUT ASSUMES V+A DECAY  12/77 REVIEWS
R4 B BRANDELIK 78 DASP E+E— 3.1-5.2GEV ECM 12/78%
R4 B BRANDEUK 78 QUOTES THE INVERSE CF THIS RATIO AS .92+-.32 . 12/78% PERL2 77 HAMBURG SYMP. ALSO ISSUED AS SLAC-PUB-2022, M.PERL (SLAC)
R4 . .. FLUGGE 77 MESON CONF.BOSTON ALSO ISSUED AS DESY 77-35, G.FLUGGE (DESY)
R4 AVG 1100 .27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R4 STUDENT  1.00 0.29 AVERAGE USING STUDENTLO(H/L.11) —- SEE MAIN TEXT AZIMOV 78 SPU 21 225 +FRANKFURT,KHOZE (LENI)
R4 FIT 0.95 0.11  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) FELOMAN 78 SLAC-PUB-2224 G.J.FELDMAN (TOKYO CONF.1978) (SLAC)
PERL 78 SLAC-PUB-2219 M.L. PERL (KARLSRUHE SUMMER INST.1978) (SLAC)
RS TAU+- INTO (MU+- NEU(MU) NEU(TAU))*(E+- NEU(E) NEU(TAU)) (PL)*(P2)
RS 0.034 0.006 ABRAMS 79 SMA 12/79% FLUGGE 79 zP Cl1 121 G.FLUGGE (DESY)
RS B 20 0.034 0.009 BACINOL 79 DLCD E+E- ECM=3.6-7.4GEV 1/79% KIRKBY 79 SLAC-PUB-2419 J.KIRKBY (SLAC)
R5 B BACINOL 79 QUOTES BR(MU)=0.214-0.058(STAT.+SYST. ERRORS COMBINED IN 1/79%
R5 B GUADRATURE) ASSUMING BR(E)=0.16. WE MPY. BY 0.16 TO GET ABOVE VAL. 1/79% ok ok A ARHAA A
RS e e s e e e e e . ok KxAokR Rk SRRk ok KR SRRRRIoR kK R KR
RS AVG 0.034)  0.0050 AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1.0}
RS STUDENT  0.0340  0.0054 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
RS FIT 0.0304  0.0030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 8 CHARGED PION(140JPGe0—-) I=1
R6 TAU+- wm(a— GAMMA(S) + MU+~ GAMMA(S))/TOTAL _ (P3+P4)
R6 B 0. OR LESS CL=.90 BURMEST2 77 PLUT E+E- 4-5 GEV ECM 12/77
R6 B ASSUMES SAME MU,E MOM. SPEC. AS (MU E + NOTHING DETECTED). 12/77 8 CHARGED PION MASS (MEV)
R7 TAU+~ INTO(E+- CHAKGED PRONG + MU+~ CHARGED PRONG)/TOTAL (P5+P6) M 139.37 0.20 CROWE 54 CNTR -
R7 8 0.04 OR LESS CL=.90 BURMEST2 77 PLUT E+E- 4-5 GEV ECM 12/77 M 139.68 0.15 BARKAS 56 EMUL +
R7 B ASSUMES SAME MU, E MOM. SPEC. AS (MU E + NOTHING DETECTED). 12/77 M s (139.577)  (0.013) SHAFER 67 CNTR - MESONIC ATOMS 6768
M8 (139.549) (0.008) BACKENSTO 71 CNTR - MESGNIC ATOMS 10771
R8 TAU+- INTO (HADRDN*- NEUTRALS) /(TOTAL) P7) 11777 M s 139 566 0.013 SHAF ER 72 CNTR - MESONIC ATCMS 1773
R8 19 0.45 BARBARO-G 77 SMAG 11777 M 8 0.008 BACKENSTO 73 CNTR ~ MESONIC ATOMS 1773
R8 0.29 0 ll BRANDELIK 78 DASP ASSUMES V-A DECAY 3778 M 139 571 0.010 BRANDAODO 76 CNTR ~— MESONIC ATCMS 1/78
RS (0.21)  (0.10) BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78 M 139.5686  0.0020 CARTER 76 CNTR ~- MESONIC ATOMS 6/T7
R8 D N e M M 139.5667  0.0024 MARUSHENK 76 CNTR - MESCNIC ATCMS 12777
R  AVG 0.330 0.095  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) M D (139.5652) (0.0019) DAUM 78 SPEC + PI+ --> MU+ NEU 2778
R8 STUDENT  0.33 0.10 AVERAGE USING STUDENT10(H/1.11) -~ SEE MAIN TEXT M S SHAFER 72 UPDATES SHAFER67 WITH NEW ALPHA AND NEW CALIB. LINE ENER. 1/73
M 8 BACKENSTOSS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM POL. CALC. 1/73
R9 TAU#+= INTO (K+- NEUTRALS)/TOTAL (P11) M M THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 3/78
R9- B SMALL BRANDELIK 77 DASP 3.6-5.2ECM E+E-  1/78 M M ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 3/78
R9 B BRANOELIK 77 FINDS 0.07+-0.06 K+- PER EVT IN E+E- --> E+- PRONG-+. 1/78 M M .0017 TO INCLUDE QED CALC. ERROR- OF 0017 (12 PPM). 3/78
M D DAUM 78 VALUE DEPENDS ON ASSUMED MU+ MASS M(MU)=105.65948+-.00035 . 2/78
R10 TAU+= INTO (3 HADRONS+- NEUTRALS)/TOTAL P8l M D  ENTERS OUR FIT VIA PI-MU MASS DIFF. BELOW WHICH IS INDEP. OF M(MU). 2/78
3%} 0.35 0.11 BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78 M e e e e e ae
R10 (0.38)  (0.11) BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78 M AVG 139.5679  0.0015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
M STUDENT 139.5679  0.0016 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R11 TAU+- INTO (NEU RHOO PI+-)*(E+— NEU NEU) (P9)=(P2) M FIT 139.5669  0.0012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/80%
RI1I A 21 0.0072  0.0021 ALEXANDL 78 PLUT E+E- 4=5 GEV ECM 3/78
R11 A ALEXANDERL 78 REPORTS BR(NEU RHOO PI)=0.045+-0.013 FOR 3/78 ——e -
R11 A BR(E NEU NEU)=0.16 AND M(TAU)=1.8 GEV. WE MPY. BY 0.16 TO GET 3/78
RI1 A ABOVE VAL. 3/78
R11 e e e e e e e
R11 FIT 0.0072  0.0021 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0)
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Data Card Listings

For notation, see key at front of Listings.

BACASTOW 65 PR 139 B407 +GHESQUIERE, WIEGANDy LARSEN (LRL+SLAC)
BERTRAM 65 PR 139 B 617 BERTRAM, MEYER,CARRIGAN+ (MICH+CARNEGIE)
DUNAITSE 65 JETP 20 58 DUNAITSEV,PETRUKHIN, PROKOSHKIN + (DUBNA)
ECKHAUSE 65 PL 19 348 ECKHAUSE yHARRIS,,SHULER+ (WILLIAM AND MARY)
BARDCN 66 PRL 16 775 BARDON 3 DOREy DORFAN, KRIEGER + (COLUMBIA)
DUNAITSE 66 PL 23 283 +KUTYINy PROKOSHKI N, RASUVAEV+SIMONOV (DUBNA)
KINSEY 66 PR 144 1132 KINSEY,LOBKOWICZ yNORDBERG (ROCHESTER UNIV)
LOBKOWIC 66 PRL 17 548 LOBKOWICZy MELISSINOSyNAGASHIMA+ (RCCH+BNL )
HYMAN 67 PL 25B 376 +LOKENsPEWITT,DERRICK + (ANL+CARN+NWES)
NORDBERG 67 PL 248 594 NORDBERGs LOBKOWICZ,BURMAN  (ROCHESTER UNIV)
SHAFER 67 PR 163 1451 ROBERT E. SHAFER (LRL)

ALSO 65 PRL 14 923 SHAFERs CROWE,y JENK INS {LRL)
DEFOMMIE 68 NP B4 189 DEPOMMIERsDUCLOSy HEINTZEsKLEINKNECHT+ (CERN)
PETRUKHI 68 JINR~P1-3862 PETRUKHINs RYKALIN, KHAZINS, CIS EK (DUBNA)
BOOTH 70 PL 32B 723 +JOHNSONsWILLIAMS, WORMALD ive)
AYRES 71 PR 3D 1051 +CORMACK, GREENBERGyK ENNEY + (LRL,UCSB)

ALSO 67 PR 157 1288 AYRES,CALDWELL yGREENBERG,KENNEYKURZ+ (LRL)

ALSO 68 PRL 21 261 AYRESsCORMACK s GREENBERG +KENNEY+  (LRL,UCSB)

ALSO 69 UCRL-18369 DAVID S AYRES (THESIS) (LRL)

ALSO 69 PRL 23 1267 GREENBERG s AYRES s CORMACK ,KENNEY+  (LRL,UCSB)
BACKENST 71 PL 36B 403 BACKENSTOSS s DANIEL, KCCH+ (CERN,KARL, HEID)

ALSO 70 THESIS C. VON DER MALSBURG (HEIDELBERG)

+ 0
T,
8 (PI+) - (MU+) MASS DIFFERENCE (MEV)
D 34.00 0.076 BARK AS 56 EMUL N
0 33.89 0.076 BARKAS 56 EMUL
o} 145 33.881 0.035 HYMAN 67 HEBC + K-HE 2/71
0 33.925 0.025 BOQTH 70 CNTR + MAGNETIC SPECT. 2/71
D 33.9057 0.0019 DAUM 78 SPEC + SEE NOTE D ABOVE 2/78
D D R T
D G 33.9058 0.,0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
D STUDENT 33,9058 0.0020 AVERAGE USING STUDENT10(H/1l.11) —-- SEE MAIN TEXT
o T 33.9074 0.0012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/80%
8 ((PI+) — (PI-))/AVG.s MASS DIFFERENCE (PERCENT)
DM 0.02 0.05 AYRES 71 CNTR 3/71
8 CHARGED PION MEAN LIFE (UNITS 10%%-9)
T 25.6 0.5 0.5 CROWE 57 RVUE
T 25.6 0.8 0.8 ANDERSON 60 CNTR
T 8000 25.46 0.32 0.32 ASHKIN 60 CNTR +
T . 26.02 0.04 ECKHAUSE 65 CNTR + 9/66
T 25.6 0.3 BARDON 66 CNTR 6/66
T 25.9 0.3 DUNAITSEV 66 CNTR 6/68
T N (26.40) (0.08) KINSEY TR + 6/66
T N SYSTEMATIC ERRORS IN CALIBR.IN THIS EXP.DISCUSSED BY NORDBERG 67 8/67
T 26.67 0.24 LOBKOWICZ 66 CNTR 9/66
T 26404 0.05 NORDBERG 67 CNTR + 8/67
T 26.02 0.04 AYRES 71 CNTR +- 3/71
T 26. 09 0.08 DUNAITSEV 73 CNTR + 3/74
T e e e . o e .
T AVG 26.03 0.023 0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0)
T STUDENT 26,028 0.025 0.025 AVG BY STUDENT10(H/1.11) —- SEE MAIN TEXT
8 ((PI+) — (PI-))/AVG.y, MEAN LIFE DIFF. (PERCENT)
0T N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I.
or 0.23 0.40 LOBKOWICZ 66 CNTR SEE NOTE L 9/66
o7 L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS 9/66
ot 0.4 0.7 BARDON 66 CNTR 7/66
o1 -0.14 0.2% PETRUKHIN 68 CNTR 8/68
oT 0.055 0.071 AYRES 71 CNTR 3/71
oT e e e e e e e
DT AVG 0.053 0.068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
DT STUDENT 0.053 0.073 AVERAGE USING STUDENTLO(H/1.11) -- SEE MAIN TEXT
8 CHARGED PION PARTIAL DECAY MODES
. DECAY MASSES
Pl CHAR. PION INTO MU (MU-NEU) 105+ o
P2 CHAR. PION INTO E ( E~NEU) . 5+ 0
P3 CHAR. PION INTO MU (MU-NEU) GAMMA 105+ o+ o
P4 CHAR. PION INTO PIO E (E-NEU) 134+ .5+ 0
PS5 CHAR. PION INTO E NEU GAMMA .5+ 0+ o
Pé6 CHAR. PICN INTO E NEU E+ E- .5+ 0+ .5+ .5
8 CHARGED PION BRANCHING RATIOS
R1 CHAR. PICN INTO MU NEU GAMMA (UNITS 10%%-4) (P3)/(P1)
R1 26 1.24 0.25 CASTAGNOL 58 ‘EMUL E(MU}.LT.3.38 MV
R2 CHAR. PION INTO € NEU (UNITS 10%%-4) (P2} /(P1)
R2 1.21 0.07 ANDERSON 60 CNTR
R2 D (1.247) (0.028) DI CAPUA 64 CNTR 11/75
R2 D 1.274 0.024 BRYMA 75 RVUE 9/75
R2 D BRYMAN 75 IS A RECALC. OF DICAPUA 64 EXPT USING LATEST PI LIFETIME. 9/75
R2 R
R2 AVG 1.267 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R2 STUDENT 1.268 0.025 AVERAGE USING STUDENT1O0(H/1.11) -- SEE MAIN TEXT
R3 CHAR. PICN INTO PIO E NEU (UNITS 10*%-8) (P4)/(P1)
R3 D 52 (1.15) (.22} DEPOMMI1 63 CNTR + 2/72
R3 D 36 0.97 0.20 BARTLETT 64 OSPK +
R3 D 38 1.07 0.21 BACASTOW 65 OSPK +
R3 0 . 1.10 0.26 BERTRAM 65 O0SPK + 6/66
R3 0D 43 1.1 0.2 DUNAITSEV 65 CNTR + 7/66
R3 332 1.00 0.08 0.10 ODEPOMMIER 68 CNTR + 3768
R3 PR o ..
R3  AVG 1.023 0. 069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R3  STUDENT 1.023 0.074 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
D DEPOMMIER 68 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEAST 2/72
D 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO 2/72
3] DETECTICN EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUS 2/72
o} MEASUREMENTS ACCORDING TO DEPOMMIER 68 AND V.SOERGELs PRIVATE 2/72
9] COMMUNICAT ION, 1972,
R4 CHAR. PION INTO E NEU GAMMA (UNITS 10%*-8) (P5)/(P1)
R4 E 143 (2.15) N DEPCMMI2 63 CNTR + GAM KE 50-90 MEV 12/77
R4 S 226 5.6 0.7 STETZ 78 SPEC + E MOM >56 MEV/C. 12/79%
R4 E DEPOMMIER 63 VALUE IS CORRECTED FOR THE LATEST VALUE OF THE PIO 12/77
R4 E LIFETIME (0.828+-0.057 E~16). SEE FOOTNOTE 10 OF DEPOMMIER 77. 12/77
R4 S STETZ 78 1S FOR E-GAMMA OPENING ANGLE >132DEG. OBTAINS 3.7 WHEN 12/79%
R4 S USING SAME CUTOFFS AS DEPOMMIER. 12/779%
RS CHAR. PION INTO E NEU E+ E~ (UNITS 10%*-8) (P6)/(P1)
R5 3.4 OR LESS CL=.90 KORENCHEN 71 OSPK + 10/71
RS 0.48 OR LESS CL=.90 KORENCHEN 76 SPEC + 1/78
wEHERE seopleoR ol
REFERENCES FOR CHARGED PION
CROWE 54 PR 96 470 K M CROWEsR H PHILLIPS (LRL)
BARKAS 56 PR 101 778 W H BARKAS,W BIRNBAUMsF M SMITH (LRL)
CROWE 57 NC 5 541 K M CROWE (STANFORD HEPL)
CASTAGNO 58 PR 112 1779 C CASTAGNOLIsM MUCHNIK (RGMA)
ANDERSUN 60 PR 119 2050 H L ANDERSON,T FUJII,R H MILLER + (EFI)
ASHKIN 60 NC 16 490 ASHKIN,FAZZINI,FIDECARO,LIPMAN + (CERN )
DEPOMMIL 63 PL 5 61 DEPOMMIER,HEINTZE 4RUBBI A,SOERGEL (CERN)
DEFCMMI2 63 PL 7 285 P DEPOMMIERy HEINTZEy RUBBIAy SOERGEL (CERN)

ALSO 77
BARTLETT 64
DI CAPUA 64

PRL 39 1113
PR 136B 1452
PR 1238 1333

DEPOMMIER, MARTI N+ ( MONT+BRCO+TRIU+V ICT+MELB )
BARTLETT,DEVONS +MEYER +ROSEN (COLUMBIA)
DI CAPUAy GARLAND,PONDRO M, STRELZOFF (coLu)
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KORENCHE 71
SHAFER 72 PRIVATE COMM.
BACKENST 73 PL 43B 539

ALSO 73 SUBMITTED TO NP
DUNAITSE 73 SJUNP 16 292

SJNP 13 189

BRYMAN 75
BRANDAOD 76
CARTER 76
KORENCHE 76
MARUSHEN 76

PR D11 1337
ZNAT 31A 1150
PRL 37 1380
JETP 44 35
JETPL 23 72

ALSO 76 PRIVATE COMM.
ALSO 78 PRIVATE COMM.
DAUM 78 PL 74B 126

STETZ 78 NP B138 285

CARTHWRIG 53
MERRISCN 62
SHAPIRO 62
CZIRR 63
CARRIGAN 68
WILKIN 80

PR 91 677
ADVP 11 1
PR 125 1022
PR 130 341
NP B6 662
JPG 6 L5

KORENCHENKO, KOST IN, MICELMACHER+ (JINR)
R. SHAFER, 1972 (FNAL)
BACKENSTOSSy DANIELsKOCH+ (CERN+KARL+MUNICH)
L. TAUSCHER

DUNA ITSEV,PROKOSHKINRAZUVAEV+ (SERP}
+PICCICTTO (UNIV OF VICTORIA)
BRANDAC D'OLIVERA,DANIEL,VON EGIDY+ (MUNC)
+DIXIT,SUNDARESAN+ (CARL+CNRC+CHIC+CIT)

KORENCHENKO, KOSTIN,sMICELMACHER+ (JINR)
MARUSHENKGyMEZENTSEV,PETRUNIN+ (LENI)
Re. SHAFER (FNAL)
A. I. SMIRNOV (LENI)
+EATONyFROSCHyHIRSCHMANN, MCCUL LOCH+ (SIN)

+CARROLL sORTENDAHL ,PEREZ-MENDEZ+ (LBL+UCLA)

PAPERS NOT REFERRED TO IN DATA CARDS

CARTWRIGHT yRICHMAN, WHIT EHEAD, WILCOX (LRL)J
A W MERRISON (LIVERPGOL)
G SHAPIROyL M LEDERMAN (COLUMBIA)
JOHN B8 CZIRR (LRL)
R.A.CARRIGAN JR. (CARN) J
Co WILKIN (Lcucip

stk kokaoRoR R Kook
Aok ok

9 NEUTRAL PION(135,JPG=0--)

SRRk okoksololokooR sokob ok ook

I=1

9 (PI+-) —~ (PIO) MASS DIFFERENCE (MEV)
D (5.37) (1.0} PANOFSKY 51 CNTR -
0 4.50 0.31 CHINOWSKY 54 CNTR -
D 4.62 0.05 HADDOCK 59 CNTR -
0 4.60 0.04 HILLMAN 59 CNTR
0 4455 0.07 CASSELS 59 CNTR
D 4.69 0.07 SAMIOS 60 HBC 2/72
D 4.6056 0.0055 CZIRR 63 CNTR
D 4.59 0.03 PETRUKHIN 63 CNTR ~—
D 4.6034 0.0052 VASILEVSK 66 CNTR ~ 9/66
2] e e . P g
D AVG 4.6043 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
D STUDENT 4. 6043 0.0040 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT

9 NEUTRAL PION MEAN LIFE (UNITS 10%%-16)
T N 16 (1.9) (0.5) (0.5) GLASSER 61 EMUL .
T N 45 2.3) (1.1) (1.0} TIETGE 62 EMUL
T N 88 (2.8) (0.9) (0.9)  KOLLER 63 EMUL SEE STAMER 66
T 1.05 0.18 0.18 VON DARDE 63 CNTR
T N 75 (1.7) (0.5) SHWE 4 EMUL
T 0.730 0.105 BELLETTIN 65 CNTR 6/66
T N 67 (l.6) (0.6) (0.5) EVANS 65 EMUL 6/66
T K 232 1.0 0.5 STAMER 66 EMUL 8/67
T 0.56 0.06 BELLETTIN 70 CNTR PRIM.EFF. CN NUC T7/70
T 0.9 0.068 KRYSHKIN 70 CNTR PRIMAKOFF EFFECT 12/70
T B 0.82 0.04 BRGWMAN 74 CNTR PRIMAKOFF EFFECT 7/75
T N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC
T N SHIFT TO LARGER MEAN LIFE VALUES.
T K INCLUDES EVENTS OF KOLLER 63. 8/67
T B BROWMAN GIVES PIO WIDTH=8.02+~.42EV, MEAN LIFE IS HBAR/WIDTH. 11775
T .. . . .
T AVG 0.828 0.057 0.053 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.8)
T STUDENT 0.835 0.028 0.035 AVG BY STUDENT10(H/1.11) —- SEE MAIN TEXT

(SEE IDEOGRAM BELOW )
9 NEUTRAL PION PARTIAL DECAY MODES
DECAY MASSES

P1 PIO INTO 2GAMMA + 0
P2 PIO INTO E+ E—- GAMMA .5+ .5+ o]
P3 PIO INTO 4ELECTRONS «5+ .5+ .5+ .5
P4 PIO INTO 3 GAMMA 0o+ 0+ 4]
PS PIO INTO 4 GAMMA 0+ o+ 0+ 0
P& PIO INTO E+ E- «5+ .5

9 NEUTRAL PION BRANCHING RATIOS
R1 PIO INTO (GAMMA E+ E-)/(2GAMMA) (PERCENT) (p2)/t(p1)
R1 {1.196) THEORET. CALC. JOSEPH 60 QUANTUM ELECT. 9/66
R1 27 1.17 0.15 BUDAGGV 60 HBC
R1 3071 l.166 0.047 SAMIOS 61 HBC PI-P TO PIO N
R1 S SAMIOS VALUE USES PANOFSKY RATIO = 1.62
R1 e e e e . ...
R1 AVG l.166 0. 045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
Rl  STUDENT l.166 0.048 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
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Data Card Listings

For notation, see key at front of Listings.

R2 PIO INTO (3 GAMMA)/TOTAL (UNITS 10%%=6) (P4)
R2 D 0 4.9 OR LESS 90 DUCLOS 65 CNTR 6/66
R2 1} 4.9 OR LESS C 65 CNTR 3/68
R2 O THESE EXPTS. GIVE BR(3GAMMA/2GAMMA)<5.0%10%*-6.
R2 0 1.5 OR LESS CL=.90 AUERBACL 78 CNTR 1/79*
R3 PI0 INTO (E+E+E-E-)/(2 GAMMA) (UNITS 10%%-5) P31 /(P1)
R3 l46 3.1 0.30 62 HBC SEE NOTE N BELOW 6/66
R3 THEORET. CALC. MIYAZAKI 73 QUANTUM ELECT. 2/76
R3 N ABOVE VALJE USES PANOFSKY RATIO = 1.62
R4 PIQ INTO (4 GAMMA)/TOTAL (UNITS 10%*-5) (P5) 8/73
R4 A 6.0 OR LESS CL=.90 ABRAMS 73 ASPK 8/73
R4 A ABRAMS 73 GIVES BR(4GAMMA/2GAMMA )<6.1%10%*~5,
R4 . OR LESS CL=.90 AUERBAC2 78 CNTR 2/79*
RS PIO INTO (E+ E-)/TOTAL (UNITS 10%*-6) (P&) /(P1) 12/75
RS 0 2. CR LESS CL=.90 DAVIES 74 RVUE 12/75
R5 .223 0.240 0.110 FISCHER2 78 SPRK K+ EXPT. CL=.90 6/78%
RS o CAVXES 74 EXTRACTS THIS INFORMATICN FROM BLOCH 75 K+ EXPERIMENT. 12775
UEIGHTED AVERAGE = 1.207 * 0.080
ERROR SCALED BY 1.8
CHISQ
-BROMMAN 74 CNTR 0.0
‘KRYSHKIN 70 CNTR 1.3
‘BELLETTIN 70 CNTR  B.9
-STAMER 66 EMUL
‘BELLETTIN 65 CNTR 0.7
-UON DARDE 63 CNTR _2.3
13.2
(CONLEY
0 1 2 3 =0.:010)
“NEUTRAL PI DECAY RATE(UNITS 10xx16SEC-1)
9 NEUTRAL PION ELECTROMAGNETIC FORM FACTOR
THE AMPLITUDE FOR THE PROCESS PIO —-> E+ E— GAMMA CONTAINS A
FORM FACTOR GAMMA(X%%2) AT THE (PIO GAMMA GAMMA) VERTEX
WHERE X=MASS(E+E-)/MASS(PIO). THE PARAMETER A IN THE LINEAR
EXPANSION GAMMA(X*%2)=1+A*(X:*2) IS LISTED BELCW.
A LINEAR COEFFICIENT OF PIO ELECTRCMAGNETIC FORM FACTOR
A (-0.15) (0.10) KOBRAK 61 HBC NO RAD. CORR. 2/80%
A 3071 (-0.24) (0.16) SAMIOS 61 HBC NO RAD. CORR. 2/80%
A 2200 (+0.01) (0.11) DEVONS 69 0SPK NO RAD. CORR. 2/80%
A F 30K +0.10 0.03 FISCHERL1 78 SPEC RAD. CORR. 2/80%
A F  ERROR STATISTICAL CNLY. RESULT WITHOUT RAD. CORR.=+0.05+-0.03. 2/80%
e e Rk

REFERENCES FOR NEUTRAL PION

PANGFSKY 51 PR 81 565
CHINOWSK 54 PR 93 586
CASSELS 59 PPS T4 92
HADDOCK 59 PRL 3 478
HILLMAN 59 NC 14 887

W K H PANOFSKY,R L AAMODT,J HADLEY (LRL)
W CHINOWSKY,J STEINBERGER (COLUMBIA)
CASSELS;JONES yMURPHY y 0. NEILL (LIVERPQOL )
HADDOCK yABASHIAN yCROWE +CZIRR (LRL)
HILLMANy MIDDELKOOPs YAMAGATA, ZAVATTINI(CERN)

BUDAGOV 60 JETP 11 755 BUDAGOV, VIKTOR,DZHELEPOV,ERMOLOV + (JINR)
JOSEPH 60 NC 16 S97 D w JOSEPH (EFI)
SAMIOS 60 NC 18 154 N P SAMIOS (COLUMBIA)
GLASSER 61 PR 123 1014 R G GLASSER,N SEEMAN,B STILLER (NRL)
KGBRAK 61 NC 20 1115 HeKOBRAK (EFI)
SAMIGS 61 PR 121 275 N P SAMIGS (COLUMBI A+BNL)

SAMIOS 62 PR 126 1844 SAMIOS ,PLANOsPRODELL + (COLUMBIA+BNL)

TIETGE 62 PR 127 1324 J TIETGE,W PUESCHEL (MAX PLANCK INST)
CZIRR 63 PR 130 341 JOHN B CZIRR (LRL)
KOLLER 63 NC 27 1405 E L KCLLERsS TAYLOR,T HUETTER (STEVENS)

ALSO 66 STAME!

PETRUKHI 63 SIENA CONF 208 V I PETRUKHIN,YU D PROKOSHKIN JINR)
VCN DARD 63 PL 51 VON DARDEL s DEKKERSyMERMOD,y VAN PUTTENO(C[RN)
SHWE 64 PR 1368 1839 H SHWE.F M SMITH,W H BARKAS (LRL)
BELLETTI 65 NC 40 A 1139 BELLETTINI yBEMPORAD, BRACCINI+(PISA+FIRENZE}
ouCLOS 65 PL 19 253 DUCLOS sFREYTAGsHEINTZE + (CERN+HEIDELBERG)
EVAN €5 PR 139 82 D A EVANS (OXFORD)
KUTIN 65 JETP LETT 2 243 KUTI Ny PETRUKHI Ny PROKOSHKIN (J INR)
STAMER 66 PR 151 1108 STAMERy TAYLOR ,KOLLERy HUETTER+ (STEVENS)
VASILEVS &6 PL 23 281 VASILE VSKY s VISHNYAKOVsDUNAITSEV + (DUEBNA)

DEVGNS 69 PR 184 1356
BELLETTI 70 NC 66A 243

+NEMENTHY, NISSIM-SABAT, DI CAPUA+(COLU+RGMA)
BELLETTINI ,BEMPORAD, LUBELSMEY+ (PISA+BCNN)

KRYSHKIN 70 JETP 30 1037 +STERLIGOV,USOV (TCMSK POLYTECH.INST.)
ABRAMS 73 PL 45B €6 +CARROLL yKYCIA,LI,MICHAEL,MOCKETT + (BNL)
MIYAZAKI 73 PR D8 2051 T.MIYAZAKI,E.TAKASUGI (TOKY)

BROWMAN 74 PRL 33 1400
CAVIES 74 NC 24A 324

+DEWIRE ;GITTELMAN, HANSON+
+GUY ,2Z1A

(CORN+B ING)
(BIRM+RHEL#+SHMP)

AUERBAC1 78 PRL 41 275
AUERBAC2 78 PL 788 353
FISCHER1 78 PL 738 359
FISCHER2 78 PL 738 364

+AUERBACH ,HIGHLAND, JOHNSON, +
+AUERBACH, HIGHLAND JOHNSON,y + (TEMP+LASL)
+EXTERMANN,GUI SA Ny MERMOD, + (GEVA+SACL)
+EXTERMANN ,GUI SANy MERMOD yMOREL+ (GEVA+SACL)

(TEMP+LASL)
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7To, n

14 ETA(549,JPG=0-+) I=0

14 ETA MASS (MEV)

M 53 549.0 1.2 BASTIEN 62 HBC
M 35 546.0 4.0 PICKUP 62 HBC
M S1 548.0 1.0 ALFF 62 HBC
M 549.3 2.9 DELCOURT 63 CNTR
M 148 549.0 0.7 FOELSCHE 64 HBC
M 325 552.0 3.0 KRAEMER 64 DBC
M 548.2 0.65 FOSTER3 65 HBC 1/66
M 250 555.0 2.0 JAMES 66 HBC 6/66
M DI R )
M AVG 548.82 0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR DOF 1.4)
M STUDENT 548.72 0.44 AVERAGE USING STUDENT1O0(H/l.11) —— SEE MAIN TEXT
(SEE IDEOGRAM BELOW )
WEIGHTED AVERAGE = 548.82 * 0.56
ERROR SCALED BY 1.4
—+— - - -JAMES 66 HBC
FOSTER3 65 HBC
—+—— .- . . -KRREMER 64 DBC
‘FOELSCHE 64 HBC
‘DELCOURT 63 CNTR
‘ALFF 62 HBC
-PICKUP 62 HBC
- ‘BASTIEN 62 HBC
(CONLEV
540 545 550 s55 560 565 20.054)
ETA MASS (MEV)
14 ETA WIDTH
W ETA NXDTH DETER%!NED FROM MASS SPECTRUM (UNITS MEV)
W S1  (10.0) ESS 62 HBC
w 148 (10.0) OR LESS FGELSCHE 64 HBC
W 31 (12.0) OR LESS JAMES 66 HBC 6/66
W (4.0) OR LESS BALTAY 66 DBC 7/66
W (.9) OR LESS CL=.95 JONES 66 CNTR 8767
W ETA WIDTH DETERMINED FROM DECAY RATE (UNITS KEV)
W THIS IS THE PARTIAL DECAY RATE (Wl) FOR THE MODE (ETA INTO 2GAMMA)
L] DIVIDED BY THE FITTED BRANCHING FRACTION (P1) FOR THAT MODE.
Ll e e e e s s e s .
W FIT 0.85 0.12 FROM FIT

14 ETA PARTIAL DECAY MODES

. DECAV MASSES

P1 ETA INTO 2GAMMA 0+

P2 ETA INTO 3PIO0 134+ 134+ 134

P3 ETA INTO PI+ PI- PIO 139+ 139+ 134

P4 ETA INTO PI+ PI- GAMMA 139+ 139+

PS ETA INTO E+ E~ PIO (VIOLATES C IN E.M.I.) 134+ .5+ .5

P6 ETA INTO E+ €- PI+ PI- 139+ 139+ .5+ .5
P7 ETA INTO PIO 2GAMMA 134+ 0+ 0

P8 ETA INVO E+ E- GAMMA .5+ .5+ 0

P9 ETA INTO 2PI0 GAMMA (VIOLATES C) 134+ 134+ 0

PLO ETA INTO PI+ PI- PIO GAMMA 139+ 139+ 134+ 0
P11 ETA INTO PI+ Pl- 2GAMMA 139+ 139+ o+ o
P12 ETA INTO Mu+ MU- 105+ 105

P13 ETA INTO MU+ MU- GAMMA 105+ 105+ ]

P14 ETA INTO MU+ MU- PIO 105+ 105+ 134

P15 ETA INTO PI+ PI- 139+ 139

P16 ETA INTO E+ E- <5+ .5

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The d{agonal elements are Pii 6Pi' where

6P, = \[{8P,6P), while the off-diagonal elements are the normalized correlation coeffi-
cients (8P,0P;) /(8P - 5P)). For the definitions of the individual P

above; only those P; appearing in the matrix are assumed in the fit to be nonzero and

see the listings

are thus constrained to add to 1.

Pl P2 P 3 P 4 P P8
P 1 .3799+-.0098
P 2 2990*-.010
P 3 35 .2358+-.0056
P 4 .8201 .0489+-.0013
P ~.0939 -.0801 .0314+-.010
P8 -.0494 -.0501 -.0036 .0050+~-,0012
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FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate

space; i.e., G ;» in appropriate units. In analogy to the matrix above,

. =1r
i i tota1””
the diagonal elements are G+ 5Gx' where 8G; = \(6G6G,), while the off-diagonal
elements are the normalized correlation coefficients <6Gi55j)/(6ci- BGJ.)A Note that,

because of the error in I} g the errors and correlations here are not directly derivable

tota!
from those above.
G 1 G 3 G 4 G 7 G 8
G 1 +3240+-.C460
G 2 +9386 .2550+4-.0385
G 3 9688 +6513  ,2011+4-.0294
G 4 +9646 9471 1.0097 .0417+-.0061
G 7 3661 .3028 4240 +4226 .0268+-,0104
G 8 .5178 .5C82 «5233 5199 «2318 .0043+-.0012

14 ETA DECAY RATES

W1 ETA INTO 2GAMMA (UNITS KEV) (G1)
Wi 8 (1.00) (0.22) BEMPORAD 67 CNTR PRIMAKOFF EFFECT 11/75
Wl 0.324 0.046 BROWMAN 74 CNTR PRIMAKOFF EFFECT 7/74
Wl B BEMPORAD 67 GIVES W1=1.21+4-.26 KEV ASSUMING THAT W1/TCOTAL=0.214. 11/75
Wl B BEMPORAD PRIVATE COMMUNICATICN GIVES MORE GENERAL RESULT AS 11/75
Wl B8 W1¥W1/TOTAL=.380+-.083. WE EVALUATE THIS USING WL/TOTAL=.38+-.01. 11/75
Wl B NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE 2/76
Wl B8 SEPARATICN OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 2/76
Wl B BEEN UNDERESTIMATED. 2/76
W1 P
WL FIT 324 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

14 ETA BRANCHING RATIGCS
R1 ETA INTO NEUTRALS/CHARGED (PL4+P24PT)/ (P3+P4+P8)
R1 N 10 (2.5) (1.0) PICKUP 62 HBC
R1 N 53 (3.20) (l.261 BASTIEN 62 HBC
Rl N 2.7) (0.8) SHAFER 62 HBC
R1 2.6 .9 BUSCHBECK 63 HBC 7/66
R1 N 280 (4.5) (1.0} AMES 66 HBC 6/66
R N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES
R1 N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3) AND (4)
Rl N FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN
RL N SOME (UNKNCWN) FRACTION OF MCDE (4).
R1 2.64 0.23 BALTAY2 67 DBC 11767
Rl “ e e e e e e e
R1 AVG 2. 64 Q.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
RL  STUDENT 2.64 0.24 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
Rl FIT 2.452 0.081 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R2 ETA INTO 2GAMMA/CHARGED (P1) /(P3+P4+P8)
R2 0.59 .48 CRAWFGRD 63 HBC
R2 D I
Rz FIT 1.311 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR CF 1.1)

Note on n > WOYY

The discrepancies between various measure-
ments of branching ratios involving n - WOYY are
displayed in the ideogram below, in which all rel-
evant experiments have been converted to a com-
mon ratio, ﬂOYY/neutrals. Our branching ratio fit
does not include DIGIUGNO 66, FELDMAN 67, or the
upper limit measurements. See page 43 of "Review
of Particle Properties", Physics Letters 398,
No. 1 (1972) for more discussion.

HEIGHTED AVERAGE = 0.061 % 0.031
ERRDOR SCALED BY 2.3

=
CHISQ
A ©+ ... .SCHMITT 70 OSPK 0.9
F—— - ----. .KANDFSKY 70 OSPK 0.0
. - - - - -DEUDNS 70 DSPK 2.3
—— BRI o 13 70 HBC 1.6
+f - ... . BUTTRAM 70 OSPK 3.4
S+ ... .. .JACQUET 69 HLBC 0.6
- -FELDMAN 67 DSPK 13.4
-« --BALTAY1 67 DBC 0.8

o+« -WAHLIG 66 OSPK

- - -GRUNHAUS 66 OSPK 4.4
-+ 'DIGIUGND 66 CNTR 19.0
46.4
(
-0.2 0.0 0.2 0.4 0.6 0.8 537553,

ETA B.R. INTO (PIO 2GAMMA)/NEUTRALS
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Data Card Listings

For notation, see key at front of Listings.

R3 ETA INTO (PIO ZGAMMAIINEUTRALS (P7)} /7(PL+P2+PT)

R3 S (0.375) 0.07 DIGIUGND 66 CNTR ERROR DOUBLED 6/66
R3 THE ERRORS OF DIGIUGNOO- 66 HAVE BEEN INCREASED BY A FACTOR

R3 OF TWO, TO TAKE INTO ACCOUNY POSSIBLE SYSTEMATIC ERRORSy AS

R3 SUGGESTED BY THE AUTHORS.

R3 .27 .10 GRUNHAUS 66 OSPK 8/67
R3 R ( 028) (.O"‘v) BUNIATOV 67 OSPK 11/67
R3 S «244) (.0 FELDMAN 67 0SPK 8/67
R3S SEE ‘FHE NOTE ON ETA DECAY INTO NEUTRALS ABOVE.

R3 . 026 .0l BUTTRAM 70 OSPK 12/70
R3 .122 .052 + 044 COX 70 HBC 6/70
R3 l.07) OR LESS CL=.90 DEVONS 70 0SPK 12/70
R3 R 047 SCHMITT 70 OSPK 12/70
R3 R SCHNITT 70 IS A REANALVSIS BUNIATOV 67

R3 E (0.11) 10.03) STRUGALSK 71 HLBC 5/71
R3 E THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERROR APPEARS 2/71
R3 E TO BE SERIOUSLY UNDERESTIMATED. 2/71
R3 ... . .

R3  AVG O 04? 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1.4)

R3  STUDENT 0.039 0.019 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT
R3  FIT 0.044 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

R4 ETA INTO (PI+ PI- GAMMA)/(PI+ PI- PIO) (P4) /7 (P2)

R& 0.14 0.08 FOELSCHE 64 HBC

R4 M 24 (0.73) (0.25) PAULI 64

R4 M THIS EXPERIMENT HAS NDT BEEN INCLUDED IN THE AVERAGES SINCE IT IS
R4 M NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FROM ETAS.

R4 0.30 0.06 CRAWFORD 66 HBC 6/66
R4 .10 .10 KRAEMER 64 DBC 7/66
R4 <196 . 041 FOSTER3 65 HBC T/66
R4 .25 .035 LITCHFIEL 67 DBC 8/67
R4 0.28 0.04 BALTAY2 67 DBC 11/67
R4 7250 201 .006 GORMLEY 70 ASPK 6/70
R4 18K 0.209 0.004 THALER 73 ASPK 6/73
R4 T R

R4 AVG 0.2074 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

R4  STUDENT 0.2074 0.,0037 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R4 FIT 0.2075 0.0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

RS ETA INTO (3PI0) + 2/3(PI0O 2GAMMA)/ PI+PI-PIO (P2+2/3PT7)/P3

RS .3 CRAWFORD 63 HBC 7/66
R5 2.0 1.0 FOELSCHE 64 HBC 7/66
RS 0.90 0.24 FOSTERL 65 HBC 7/66
R5 e e s e ..

R5  AVG .91 0.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R5  STUDENT O 9L 0.2 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R5  FIT 57 0.057 FROM FIT (ERROR INCLUDES SCALE FACTCR OF 1.2)

Re ETA INTO 3P I10/2GAMMA N P2y /tpP1)

R6 (.90) OR MORE CHRETIEN 62 PBC

R6 0.88 0.16 BALTAY1 67 DBC 11767
R& 1.1 0.2 CENCE 67 OSPK 1768
R& 0.75 0.09 DEVCNS 70 OSPK 12770
R6 R

R6  AVG 0.824 0.085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

R6  STUDENT 0.821 0.085 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R6 FIT 0.787 0.039 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

-(SEE IDEOGRAM BELOW )

WEIGHTED RUVERRAGE = 0.B24 + 0.08S
ERROR SCALED BY 1.2

Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of X, &%,
and scale factor, which are differ-
ent from the values shown here.

cHISE
—t- : -DEVONS 70 OSPK 0.7
—t - - -CENCE 67 DSPK 1.9
—_—tt— - -BALTAY1 67 DBC 0.1
2.7
(CONLEV
0.4 0.8 1.2 1.6 =0.259)
ETA INTO (3PI0)~ (2GRMMA)
RT ETA INTO ZGAMMA/(P“» PI- PO) (PL)/(P2)
R7 61 0.3 FOSTERL 65 HBC
R7 401 1 72 .25 BAGLIN 69 HLBC 7/69
RT .. o e e e .
R7 AVG 1269 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R7 STUDENT  1.69 0.23 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R7 FIT 1.611 0.065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
R8 ETA INTO NEurRAL/(ph PI- PIO) (P1+P2+P7)/(P3)
R8 50 .6 .8 KRAEMER 64 DBC
R8 3.8 1.1 PAULI 64 DBC 7/66
R8 2.89 0.56 ALFF=STET 66 HBC 9/66
RE 244 3.6 0.6 FLATTE2 67 HBC 1/68
R8 29 3.4 1.1 AGUILAR-B 72 HBC 11/72
R8 B 70 2.8 D.B BLOODWORT 72 HBC 11/72
R8 74 .5 KENDALL 74 0S 12/75
R8 B ERRDR INCREASED FRDM PUBLISHED VALUE 0.5 BY BLDODWRTH. PRIV. COMM. 1/73
R8 ..
RE AVG 3026 0.30"  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R8 STUDENT  3.26 0.33 AVERAGE USING ‘STUDENT10(H/1.11) —- SEE MAIN TEXT
R8 FIT 3.01 0.10  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R9 ETA INTO (BE«PIO)/(PI.P} PI0) (UNITS 10**—&) (P5) /(P3)
R9 110. ss PRICE 65
R9 o 77. uR LESS FOSTER2 65 HBC
RS 42. OR LESS CL=.90 BAGLIN1 67 HLBC 8/67
R9 0 16. OR LESS C 0 BILLING 67 HLEC 11767
R9 1.9 OR LESS JANEL 75 0SPK 12/75




Particle Data Group: Review of particle properties S71

Data Card Listings

For notation, see key at front of Listings.

Stable Particles
n

R10 ETA INTO (E+E-PI+PI-}/TOTAL (UNITS 10%%-2) (P6) R22 ETA INTO (P10 2GAMMA)/TOTAL 7
R10 .7) OR LESS RITTENBER 65 HBC 6/66 R22 .12 OR LESS CL=.95 JACQUET 69 HLBC 6/70
R22 e e e e e
R11 ETA INTO (E+E-PI+PI—1/(PI+P I-GAMMA) (P6) /(P4) R22 FIT 0.031 0.011 FROM FIT
R11 1 0.026 0.026 GROSSMAN 66 HBC 6/66
. ’ R23  ETA INTO MUMU-/TOTAL (UNITS 1o%ks) (P12)
R12 ETA INTO 2 GAMMA/NEUTRALS (P1)/(PL+P2+PT) R23 o 2. LESS CL=.95  WEHMANN = 68 OSPK 4768
R1Z S (0.416)  (0.044) DIGIUGNO 66 CNTR ERROR DOUBLED 6/66
R12 L4s ,07 GRUNHAUS 66 DSPK 8767 R24 ETA INTO MU+MU-PIO/TOTAL (UNITS 10%%-4) (P14)
R12 S (1579 (.0 MAN 67 0SPK 8767 R24 5. OR LESS WEHMANN 68 OSPK 4/68
R12 S  SEE THE NOTE ON ETA DECAV w0 NEUTRALS ABOVE .
R12 T (0.39) (0. 66 CNTR 8/67 Rr25 ETA INTO MUSMU-/ZGAMMA (UNITS 1044-5) (P12)/(P1)
R12 T THIS RESULT FROM ccnemms CRDSS SECT]CINS FROM TWJ DIFFERENT EXPTS. R25 -2 HYAMS 69 0sPK 1769
R12 .59 .033 11767
R12 I35 lois FR T A 12770 R26 ETA INTO (P10 2GAMMA}/(3PI0 + PIO 2GAMMA) (PT1/(P2+PT)
R12 486 T036 cox 70 HBC /70 R26° N 0.1 0.3 KANOFSKY 70 OSPK 2/71
R12 0.57 0.09 STRUGALSK 71 HLBC 5s71 R26 N WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM +0.3,-0.1 2/71
R12 113 0.60 0.14 KENDALL 74 OSPK 12775 R26 N TO THE ABOVE +0.3,-0,3 SINCE IT IS CLEAR FROM FIGURE 7 IN THE 2/71
R12 R R26 N ' ARTICLE THAT A CENTRAL. VALUE OF 0.0 IS ABOUT AS PROBABLE AS THE 2/71
R1Z AVG 0.535 0.018  AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.3) R26 . N CUOTED VALUE OF 0.1. 2/71
R12 STUDENT  0.535 0.016  AVERAGE USING STUDENTLO(H/1.11) -- SEE MAIN TEXT R26 s er s .
R1Z2 FIT 0.535 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) R26 FIT 0.095  0.032 FROMFIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
(SEE IDEQGRAM BELGW ) ’
R27 ETA INTO (21+ PI-)/TOTAL (INITS 10%x-2) (P15) 6/13
R27 0.15 OR LES THALER 73 ASPK CON. LEV. NOT GIVEN 6/73
WEIGHTED RUERAGE = 0.535 = 0.018
R28 ETA INTQ (E+E-GAMMA)/(PL+PI-PIO) (UNITS 1084-2) (PB)/(P3)
ERROR SCALED BY 1.3 R28 4 75 05l 2776
- Koo ) VALUE SHIANGED BY ERRATUM. 2776
R28 e e .
R28 FIT 2.11 0.50" FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
. R29  ETA INTO (E+ E-)/TOTAL (UNITS 10%%-4) P16)
Values above of weighted average, R29 D 3. OR LESS CL=.90 DAVIES 74 RVUE 2/18
error, and scale factor are for the R29 D ODAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN 67. 2/78
reader's convenience only. The - wMA Y/ TOT -
11y processed by a R30  ETA INTO (MU+ MU= GAMMA)/TOTAL  (UNITS 10%¥-4) (P13) 2/79
data were actually p y R30 100 1.5 0.75 BUSHNIN 78 SPEC 2779%
constrained fit program, which
calculates its own values of X, 8% | ———oo
and scale factor, which are differ- ]
ent from the values shown here. 14 ETA C-NONCGNSERVING DECAY PARAMETERS
CHISQ RELATED TEXT SECTION VI C.1
KENDALL 74 OSPK AL LEFT-RIGHT ASYMMETRY PARAMETER FOR PI+ PI= PIO (UNITS 10%%-2)
"STRUGALSK 71 HLBC 0.1 Al 1351 7.2 2. BALTAY 66 DBC 8/66
. . Al 1300 5.8 3.4 CLPWY 66 HBC 8/66
cox 70 HBC 1.9 Al 10665  (0.3) (1.0) CNOPS 66 OSPK REPL BY MULLER 69 8/67
—+ -BUTTRAM 70 OSPK 0.0 AL 705 -6.1 4.0 LARRIBE 66 HBC 8/67
X Al 636800  (1.5) (.5) GORMLEYZ 68 ASPK . 6768
BUNIATOV 67 OSPK 2.8 Al 10709 .3 1.1 MULLER 69 0SPK 9/6%
+ -GRUNHAUS 66 DOSPK 1.8 Al 1138 -1.4 3. CARPENTR 70 HBC 6/70
6.6 Al 349 3.2 5.4 . DANBURG 70 DBC 2/71
. AL 220K -0.05 0.2z LAYTER 72 ASPK 8/72
(CONLEV Al 165K 0.28 0. JANEL 74 0SPK 3/74
0.3 0.5 0.7 0.9 =0.157) Al YZ0rmievs os AsvMie TRy PROBABLYDUE TO UNMEASURED (E X B) SPK. CH. 3/74
Al G EFFECTS. NEW EXPTS. WITH (E X B) CCNTROLS DONT OBSERVE ASYMMETRY. 3/74
ETA INTO (2 GAMMA) /NEUTRALS Al e e e e e e
Al AVG 0.12 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R13  ETA INTO 3P10/NEUTRALS P21/ (PLIP2ePT) Al STUDENT  0.11 0.19  AVERAGE USING STUDENTIO(H/1.11) —- SEE MAIN TEXT
R3S (0.209) (0,054 DIGIUGKD 66 CNTR  ERROR DQUBLED bree A2 LEFT-RIGHT ASYMMETRY PARAMETER FOR PIt PI- GAMMA (UNITS 10%%-2)
8 (-29) t.10) GRUNHAUS 66 OSPK 8/6 rH 35 e 1. CRAWFORD 66 11766
135 ot DMAN 67 0SPK 8/67 Az -4, 8. CITenPIzL 67 Doc 8/67
R3S see TreNOTE ON em DECAV INTO NEUTRALS ABOVE. A2 N 1620 s 55 MULLER 69 0SPK 9769
R13 41 BUNIATOV 67 0SPK 11767 A2 7257 1.22 1.56 GORMLEY 70 ASPK 6/70
RI3 R REDUNDANT TNFORMATION FROM THIS EXPERIMENT. a2 Sex o5 ole THALER 72 ASPK 812
R13 R (.439 (.024 UTTRAM 70 DSPK 12/70 A2 35K 1.3 oce JANE2 7% 0sPK 3774
5 0n33? ond%? X GALSK Ty et AL A2 N MULLER 69 1S SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM.
. - A2 e e
gig 7 0.40 0-14 KENDALL 74 0SPK 12/75 Az AVG 0.88 0.40"  AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0)
3 ave 07357" " 5.025  AVERAGE (ERRCR INCLUDES SCALE FACTOR GF 1.0 Az STUDENT  C.88 0.45 AVERAGE USING STUDENTIO(H/1.11) —- SEE MAIN TEXT
R13 STUDENT  0.397  0.027  AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT AS SEXTANT ASYMMETRY PARAMETER FOR PI+ PI- PI0  (UNITS 10%%-2) '
R13 FIT 0.421  0.014 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.1) s 1300 6.8 3. CLPWY 66 HBC 12775
R14  ETA INTO PIO (2 GAMMA}/2GAMMA P71/ (P1) a3 % o P3¢ PRI o }Sﬂg
Rl4 (.5) OR LESS CL=.90 WAHLIG 66 SPRK /66 s 230K o.10 0022 UAYTER 72 ASPK 12775
R14 0.0 0.14 BALTAYl 67 DBC 11767 PYas
R14 P (0.05)  (0.04) BONAMY 67 SPRK PRELIMINARY RESULT 11/67 As resk. - 0.200 - 0.25 JANEL 74 osPK 12/75
R14
L . AS  AVG 0.19 0.16 AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1.0)
R14 FIT 0.083 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) AS STUDENT  0.19 0.17 AVERAGE USING STUDENTIO(H/1.11) —- SEE MAIN TEXT
A T NI L0 T AL NIt oo 65 oe ) 6/66 AQ QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- P10 (UNITS 10%*-2)
R15 0.084 OR LESS CL=.90 BAZIN 68 DBC 6/68 ﬁ% 122& :g'ga 8155 _L,ﬁzgk ;i ég;ﬁ ig;:’,;
R15 o 0.016 OR LESS CL=.90  MARTYNOV 76 HLEC 6/17 s LT e,
AQ AVG -0.17 0.17  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
RI6  ETA INTO 2GAMMA/(3PI0 + IO 2GANMA) 3 cate TR/ 1P2PT) 1766 AQ STUDENT -0.17 0.18 AVERAGE USING STUDENT10(H/1.11) —= SEE MAIN TEXT
R16
BET BETA FOR ETA TO P1+ PI- GAMMA. SENSITIVE TO D-WAVE CONTRIBUTION.
R16 FIT "17150" 7 5.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) BET  DN/DCOS THETA = SIN#%2 THETA # (I + BETA * COS#%2 THETA) 12775
BET 7250 -0.060  0.065 GORMLEY 70 WIRE 12/75
R17 ETA INTO (PL+PI-PIO GAMMAI/ (PI+PI-P10) (UNITS 10ws-2) . BET L oo12 006 THALER 72 ASPK 12775
BET 35K 0.11 0.11 74 0SPK 12/75
a ;’;g o tgzz FLATTE 67 HBC 8/67 BET L AUTHORS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF 12/75
e S o OR Lies e, o hee lfj:;’ BET L BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR. PREDICTION. 12/75
e 19 o LEes RGN et BET L COS**2 DEPENDENCE MAY ALSO COME FRGM P AND F—WAVE INTERFERENCE. 12/75
. BET e e e ..
R17 0  0.24 OR LESS THALER 73 ASPK 6/73 BET AVG 0.047  0.062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
RIS ETA INTO (PIePI- ZoANNAI/(PIOPIPIO) (1117 (P BET STUDENT  0.053  0.053 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R18 .909 OR LESS CcE 67 HBC 8/67 (SLE IDEOGRAM BELOW )
R18 .016 OR LESS CL=.95 BALThvz oy oBe 11767 L4 ENERGY DEPENDENCE OF ETA DALITZ PLOT
RS ETAINTQ 3P10/(PL+ PI- PIO) saGLINZ 67 HLpe AN/ a/67 op RELATED TEXT SECTION VI C.2
e 12, olho 017 DhGriNz en HLbC A op THE FOLLOWING EXPTS FIT TO ONE OR MORE OF THE COEFFICIENTS
op A+B+C+Ds OR E FOR ETA TO PI+ PI- PIO
e 1.50 15 +29 BAGLIN 69 HLBC 7/69 op MATRIX ELEMENT®w2-1 + A%Y. + BR(YHH2) + CHX + DR(XE®2) + EXXKY
R19 AVG 1.46 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1.0} o O e ey L v e LY ee oo e 12175
R19 STUDENT  1.46 0-14  AVERAGE USING STUDENT1O(H/1.L1) = SEE MAIN TEXT 0P 7170 SEE TEXT SEC VI C.2 cNOPS 68 0SPK 12775
RL9 FIT 1.268  0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) op 37K SEE TEXT SEC VI C.2 CORMLEY3 68 WIRE 12715
R20 ETA INTO 2GAMMA/((3P10)+2/3(P10 2GAMMA)} (PL)/(P242/3PT} o 526 SEE TEXT SEC VI C.2 AL I e 5o hEBC 12175
R 0.2 {2 g op 1138 SEE TEXT SEC VI C.2 CARPENTR 70 HBC 12/75
2 - . LER 63 DBC 1/66 op 349 SEE TEXT SEC VI C.2 DANBURG 70 DBC 12/75
sttt s, DP . 7250 SEE TEXT SEC VI C.2 GORMLEY 70 WIRE 12/75
R20 FIT 1.187  0.058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) op 220K SEE TEXT SEC VI C.2 CAVTER 12 ASPK 12778
R21 £TA INTO NEUTRALS/TOTAL (PLep2epT) op 81K SEE TEXT SEC VI C.2 LAYTER 73 ASPK 12/75
R21 =79 -08 BUNIATOV 67 OSPK 11767 A0 ALPHA PARAMETER FOR ETA TO 3 P10
ggi 16K <705 +008 BASILE 71 CNTR MM SPECTROMETER 8/71 A0 MATRIX ELEMENT ¥%2 = 1 + 2%ALPHAXZ (SEE TEXT sec VI C.3) 12/75
R 152 -o. . H
R21 AVG 0.7058  0.0080 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 0 2 0.32 0.37 BAGLIN 70 HLB 12/75
R21 STUDENT  0.7058 - 0.0086 AVERAGE USING STUDENTLO(H/1.L11) —- SEE MAIN TEXT
R21 FIT 0.7103 0.0068 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.1)
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S72 Particle Data Group: Review of particle properties

Stable
n, K*

Data Card Listings

For notation, see key at front of Listings.

Particles

WEIGHTED AVERAGE = 0.047 * 0.062 BASILE 71 NC 3A 796 +BOLLINI,DALPIAZ, FZQSS;:L;A(CERN.BGNA.S'{S&;
STRUGALS 71 NP B27 429 +CHUVILOy GEMESYy IV +
ERROR SCALED BY 1.5 AGUILAR- 72 PR D& 29 AGUILAR-BENI TEZ »CHUNG »EISNER,SAMIOS  (BNL)
—_—T BLOODWOR 72 NP B39 525 BLOODWORTH , JACKSON, PRENTICE,YOON  (TORONTQ)
LAYTER 72 PRL 29 316 +APPELKOTLEWSKI ,LEE,STEINs THALER (coLu)
THALER 72 PRL 29 313 +APPEL yKOTLEWSKI s LAYTER,LEE,STEIN (ccLy)
LAYTER 73 PR D7 2565 +APPEL s KOTLEWSKI ;LEE sSTEIN, THALER (coLu)
THALER 73 PR D7 2569 +APPEL,KOTLEWSKI,LAYTER,LEE,STEIN (coLu)
BROWMAN 74 PRL 32 1067 +DEWIRE sGITTELMAN, HANSGNs LOH +  (CORN+BING)
DAVIES 74 NC 24A 324 +GUY,ZIA (BIRM+RHEL+SHMP}
JANEL 74 PL 488 260 +JONES, L IPMAN, OWEN, PENNEY+ (RHEL+LOWC+SUSS)
JANE 2 T4 PL 48B 265 +JONESs LI PMAN,OWEN,PENNEY+ (RHEL+LOWC+SUSS)
KENDALL 74 NC 21A 387 +LANOU,MASSIMO, SHAPIRO + (BROW+BARI+MIT)
JANEL 75 PL 598 99 +GRANNI S, JONES L IPMAN, OWEN + (RHEL+LGWC)
JANE2 75 PL 598 103 “+GRANNIS; JONES,L IPMANs OWEN + (RHEL+LOWC )
ALSO 76 PL (TO BE PUBL.) ERRATUM, M.R.JANE, PRIVATE COMMUNICATION.
MARTYNOV 76 SJUNP 23 48 +SALTYKOV, TARASOV,UZHINSKI I (JINR)
BUSHNIN 78 PL 798 147 +DZHELYADIN,GOLOVK IN ; GR ITSUCK + (SERP)
ALSO 78 SJINP 28 775 BUSHNINGOLOVKIN,GRI TSUK,DZHELYADIN+ (SERP)
CHISQ QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS
‘JANE2 74 0OSPK 0.3 BASTIEN 62 PRL 8 114 BASTIEN, BERGE,DAHL s FERRO-LUZZ I, MILLER+(LRL)
. 5 CARMONY 62 PRL 8 117 D CARMONY,A ROSENFELD,VAN DE WALLE (LRL)
THALER 72 RASPK 1.5 ROSENFEL 62 PRL 8 293 A ROSENFELD,D CARMONY, VAN DE WALLE (LRL)
-6ORMLEY 70 WIRE _2.7
4.5 AR Rk R *
i L EE L R Ll e
(CONLEV
-0.3 -0.1 0.1 0.3 0.5 =0.104)
BETA FOR ETA TO PI+ PI- GAMMA 10 CHARGED K(494,J4P=0-) 1=1/2
10 CHARGED K MASS (MEV)
AR ERER AR %
M 493.9 0.2 COHEN 57 RVUE +
REFERENCES FOR ETA " 493.7 0.3 BARKAS 63 EMUL -
M 493.78 0.17 GREINER 65 EMUL +  VIA TAJ DECAY 7766
PEVSNER 61 PRL T 421 PEVSNER,KRAEMER y NUSSBAUM,RICHARDSON + (JHU) MooA (493.87)  (0.19) KUNSELMAN 71 CNTR - KAONIC ATOMS 10771
M 453,691 0.040 BACKENSTO 73 CNTR - KAONIC ATOMS 1/73
ALFF 62 PRL 9 322 ALFF ,BERLEY,COLLEY,BRUGGER + (COLU+RUTGERS) MoA 493.662 0.19 KUNSELMAN 74 CNTR - KAONIC ATOMS 3/74
BASTIEN .62 PRL 8 114 BASTIEN, BERGE,DAHL ,FERRO-LUZZI + (LRL) M 493.657 0.020 CHENG 75 CNTR - KAONIC ATOMS 6r77
CHRETIEN 62 PRL 9 127 CHRETIEN+  (BRAN+BROWN+HARVARD+MIT+PADOVA ) M 493.67 .029 9 EMUL +— E+E— ——> K+ K- T/79%
PICKUP 62 PRL 8 229 E PICKUP;ROBINSON, SALANT (CNRC+BNL) MoA KUNSELMAN 74 UPDATES KuNSELMAN 71 wxm IMPROVED KAONIC ATOM CALC. 3774
SHAFER 62 CERN CONF 307 J SHAF ERy FERRG-LUZZI, MURRAY + (UCB+LRL) M e e e e e
M 493.668 0.015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0
BACCI 63 PRL 11 37 BACCI,PENSO, SALVINI + (ROMA+FRAS) M STUDENT 493,668 0.017  AVERAGE USING STUDENTLO(H/1.11) -- SEE MAIN TEXT
BUSCHBEC 63 SIENA CONF 1 166 BUSCHBECK-CZAPPsCOOPER + (VIENNA,CERN,AMST) M FIT 493.669 0.015 FROM .FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/80%
CRAWFORD 63 PRL 10 546 F S CRAWFORD,LLOYD,F OWLER (LRL+DUKE)
ALSD 66 PRL 16 907 F S CRAWFORDyL LLOYDsE FOWLER (LRL+DUKE) |
DELCOURT 63 PL 7 215 DELCOURT ,LEFRANCOI S, PEREZ Y JORBA+ (ORSAY)
MULLER 63 SIENA CONF 99 MULLER,PAULT + (SACL+RCMA) 10 (K+) - (K-) MASS DIFFERENCE (MEV)
FOELSCHE 64 PR 134 B 1138 H W FOELSCHE,H L KRAYBILL (YALE) DM F 1.5M —0.032 0. 72 ASPK +- 4772
KRAEMER 64 PR 136 B 496 KRAEMERy MADANSKY, FIELDS +  (JHU+NWES+WCOD ) DM F FORD 72 USES M(Pxn MIPI ) = vza» 70 KEV. 1/73
PAUL T 64 PL 13 351 E PAULI,A MULLER (SACLAY)
FOSTERL 65 PR 138 B 652 FOSTER,PETERS,MEER LOEFFLER + (WISC+PURDUE)
FOSTER2 65 ATHENS FOSTER,GOOD, M (WISCONSIN) 10 CHARGED K MEAN LIFE (UNITS 10%%-8)
FOSTER3 65 THESIS M.C.FOSTER (WISCONSIN)
PRICE 65 PRL 15 123 L.R. PRICE,F.S.CRAWFORD (LRL) T CHAR. K MEAN LIFE
RITTENBE 65 PRL 15 556 RITTENBERG,KALBFLEISCH (LRL+BNL) T (0.95)  (0.36)  (0.25) ILOFF 56 EMUL
. T 0 52  (1.60) (0.3) (0.3) EISENBERG 58 EMUL
ALFF-STE 66 PR 145 1072 ALFF-STEINBERGER,BERLEY+ (COLUNBIA+RUTGERS) T 1.21 0.06 0.06 BURROWES 59 CNTR
BALTAY 66 PRL 16 1224 +FRANZ INI, KIM, KIRSCH+(COLUMBIA+STONY BROOK) T 0 33  (1.38) (0.24)  (0.24) FREDEN 60 EMUL
CLPWY 66 PR 149 1044 COLUMBIA,LRL +PURDUE,HISCONSIN, YALE T 0 (1.25)  (0.22)  (0.17) BARKAS 61 EMUL
CNGPS 66 PL 22 546 CNOPS,FINUCCHXARS.LASSALLEﬁ(CERN.ETH'SACL) T 0 51 (1.27) (0.36)  (0.23) BHOWMIK 61 EMUL
CRAKFORD 66 PRL 16 333 F.S.CRAKFORD, L.R.PRICE L) T 293 1.31 0.08 0.08 NORDIN 61 HBC  ~
T (1.24)  (0.07) NORD IN 61 RVUE -
DIGIUGND 66 PRL 16 767 OIGIUGND, GIORGIy STLVESTRI+ (NAPL,YRST,FRAS) T 1.231 .011 0.011 BOYARSKI 62 CNTR +
GROSSMAN ‘66 PR 146 993 R GROSSMAN,L PRICE,F CRAWFORD T 1.2443  0.003 FITCH 65 CNTR + K AT REST 6766
GRUNHAUS 66 TFESIS J.GRUNHAUS (cm.umau) T 1.221 0.011 FORD 67 CNTR +- 8/67
JAMES 66 PR 142 896 F E JAMESsH L KRAYBILL (YALE+BNL) T 1.2272  0.0036 LDBKONICZ 69 CNTR + K IN FLIGHT 9766
JGNES 66 PL 23 597 JONE S, BINNIE  DUANE yHORSEY s MASON, (LCICy RHEL ) T am 1.2380  0.0016 CNTR + STOPPING K 2/71
LARRIBE 66 PL 23 600 LARR IBE, LEVEQUE, MULL ERy PAUL I, + (SACL+RHEL) T 0 OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 2/71
WAHLIG 66 PRL 17 221 WAHLIG y SHIBATA MANNELLI (MIT+PISA) T .. .
T AVG 102370 © 0.0032  0.0032 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.4)
BAGLINL 67 PL-24B 637 BAGLINy BEZAGUET, DEGRANGE, + (EPOL+UCB) T  STUDENT  1.2374 0.0016  0,0016 AVG BY STUDENT10(H/1.11) —- SEE MAIN TEXT
BAGLINZ 67 BAPS 12 567 BAGLINsBEZAGUET,DEGRANGE s+ (EPOL+UCB) T FIT 1.2371  0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9)
BALTAYL 67 PRL 19 1495 BALT AY, FRANZINI, KIM, NEWMAN+ (COLU+BRAN) (SEE IDEOGRAM BELOW )
BALTAY2 67 PRL 19 1458 BALTAY ,FRANZINI y KI My NEWMAN+ (COLU+STON)
BEMPORAD 67 PL 258 380 BEMPORAD; BRACCINI ; FOA,LUBELSMEY+{PISA+BCNN)
ALSO PRIVATE COMMUNICATION
BILLING 67 PL 258 435 BILLINGy BULLOCKy ESTENs GOVAN, + (LOUC, OXF) WEIGHTED AVERAGE = 0.80B4 = 0.0021
BUNAMY 67 HEIDELBERG CONF. BONAMY, SGNOEREGGER (SACLAY) ERROR SCALED BY 2.4
BCGWEN 67 PL 248 206 BOWEN, CNOPS 5 FINOCCHIARDO+ (CERN+ETH+SACL)
BUNIATOV 67 PL 258 560 BUNI ATOVs ZAVATTINI, DEINET,+ (CERN+KARL ) T
CENCE 67 PRL 19 1393 CENCE, PETERSONy STENGER, CHIU+  (HAWAII+LRL) Values above of weighted average,
ESTEN 67 PL 24B 115 +GOVAN,KNIGHT 4 MILLER, TOVEY+ (LOUC+CXF) error, and scale factor are for the
FELDOMAN 67 PRL 18 868 FELDMAN, FRATI, GLEESONyHALPERN, + (PENN) reader's convenience only. The
FLATTE 67 PRL 18 976 SeM.FLATTE (LRL ) data were actually processed by a
FLATYE2 67 PR 163 1441 S.M.FLATTE AND C.G.WOHL (LRL) constrained fit program, which
LITCHFIE 67 PL 248 486 LITCHFIELD,RANGA Ny SEGAR,SMITHG(RHEL&SACLAV) coloulates ite o oitaes of E. &%,
PRICE 67 PRL 18 1207 L.R.PRICE,F.S.CRAWFORD L) . > 6%,
and scale factor, which are differ-
ARNGLD 68 PL 27B 466 +PATY,BAGL IN; BINGHAM+ (STRB+MADR+EPOL+UCB) ent from the values shown here.
BAZIN 68 PRL 20 895 BAZIN,GOSHAWsZACHER ,+ (PRINCETON, QUEENS)
BULLOCK 68 PL 278 402 +ESTENy FLEMINGy GOVAN,HENDER SON y OWEN+ (LOUC)
GORMLEY3 68 PRL 21 402 GORMLEY yHYMAN,LEE s NASH, PEOPLES+  (COLU+BNL ) CHISQ
WEHMANN 68 PRL 20 748 WEHMANN,ENGEL Sy + (HARV+CASE+SLAC+CORN+MCGT) . .OTT 214 CNTR 0.4
BAGLIN 69 PL 298 445 BAGLIN,BEZAGUE Ty + (EPOL,UCE,MADR,STRB) -LOBKOWICZ 69 CNTR 7.3
ALSO 70 NP B22 66 +BEZAGUET y DEGRANGE y MUSSET +( EPOL,MADR, STRS)
HYAMS 69 PL 298 128 HYAMS , KOCH , POTTER,VON LINDERN, + (CERN,MPIM) -FORD 67 CNTR
JACGUET 69 NC 58 743 JACQUET,NGUYEN-KHAC+ HAA TUF T+ (EPOL,BERG) FITCH 65 CNTR 3.7
MULLER 69 THESIS ARMAND MULLER (STRB) .BOYARSKI 62 ONTR
BAGLIN 70 NP B22 66 +BEZAGUET , DEGRANGE sMUSSET+ (EPBLMADR»;;»;S)) “NORDIN 61 HBC
BUTTRAM 70 PRL 25 1358 +KREI SLER,MISCHKE
CARPENTR 70 PR Dl 1303 CARPENTER,BINKLEY ;CHAPMAN ;COX s DAGAN+ (DUKE) BURROWES 69 CNTR
ox 70 PRL 24 534 COXy FORTNEYy GOLSON (DUKE) 11.4
DANBURG 70 PR D2 2564 +ABOLINS yDAHL sDAVIES yHOCH 4 KIRZ y+ (LRL) 0.70 0.75 0.80 0.85 0.0 0 éS (CONLEU
DEVGNS 70 PR D1 1936 +GRUNHAUS y KOZLOWSKI, NEMETHY + (cmu.syu; . . . . . . =0.003)
GORMLEY 70 PR D2 50 GORMLE Y;HYMAN,LEE,NASHPEOPLES+ (COLU+BNL -
ALSO 70 NEVIS 181(THES]S) MICHAEL GORMLEY (COLU) CHARGED K DECAY RATE (UNITS 10xxB SEC-1)
KANGFSKY 70 NC 68 413 A. KANOF SKY (LEHI)
SCHMITT 70 PL 328 638 +BUNTATOV, ZAVATTINI, DEINET+ (CERNy KARL)

Rev. Mod. Phys., Vol. 52, No. 2, Part |1, April 1980



Particle Data Group: Review of particle properties

Data Card Listings

For notation, see key at front of Listings.

10 ((K+) = (K-))/AVG., MEAN LIFE DIFFERENCE (PERCENT)
DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I.
0T 0.47 0.30 7 CNTR 8767
ot 0.090 0.078 LDBKUHICZ 69 CNTR 12770
oT D T T
DT AVG 0.114 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
DT STUDENT 0.112 0.083 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
10 CHARGED K PARTIAL DECAY MODES
DECAY MASSES
P1 CHAR. K INTO MU NEU K MU2 105+
P2 CHAR, K INTO PI PIO K PI2 139+ 134
P3 CHAR. K INTO PI PI+ PI- TAU 139+ 139+ 139
P4 CHAR. K INTO PI 2PIO TAU PRIME 139+ 134+ 134
P5 CHAR. K INTC MU PIO NEU K MU3 105+ 134+ 0
P6 CHAR. K INTO E PIO NEU K E3 «5+ 134+ 0
P7 K+ INTQ PI+ PI- E+ NEU K E+ 4 139+ 139+ .5+ 0
P8 K+ INTQ PI+ PI+ E- NEU K E=- 4 139+ 139+ .5+ 0
P9 K+ INTO PI+ PI- MU+ NEU KeMU+ 4 139+ 139+ 105+ 0
P10 K+ INTOD PI+ PI+ MU- NEU K+MU~ 4 139+ 139+ 105+ [}
P11 CHAR. K INTO E NEU K E2 .5+ [}
P12 CHAR. K INTC MU NEU GAMMA K MU RAD 105+ o+ 0
P13 CHAR. K INTC PI PIO GAMMA K PI RAD 139+ 134+ ]
Pla CHAR. K INTO PI PI+ PI- GAMMA TAU RAD 139+ 139+ 139+ o
P15 CHAR. K INTO PI E+ E- PI E E 136+ .5+ .5
Ple CHAR. K INTO PI MU+ MU- PI MU MU 139+ 105+ 105
P17 CHAR. K INTO PI GAMMA GAMMA PI GAM GAM 139+ o+ o]
P18 CHAR. K INTO PIO E NEU GAMMA PI E NEU GAM 134+ .5+ o+ o
P19 K4-~ INTO PI-+ E+- E+ PI~+E+—E+~ 139+ .5+ .5
P20 CHAR. K INTO PI NEU NEU PI NEU NEU 139+ 0+ o
P21 CHAR. K INTO E NEU GAMMA K E2 RAD 5+ o+ 0
P22 CHAR. K INTO PI GAMMA K PI GAM 139+ 0
P23 CHAR. K INTQ PI 3GAMMA PI 3GAM 139+ o+ 0+
P24 CHYAR., K INTO PIO PIO E NEU K E4 2PI10 134+ 134+ .5+ o .
P25 K¢ INTO PI- E+ MU+ PI-E+MU+ 139+ .5+ 105
P26 K+ INTO PI+ E+ MU- PI+E+MU- 139+ .5+ 105
P27 CHAR. K INTO MU NEU NEU NEUBAR MU 3NEU 105+ o+ 0+ 0
P28 CHAR. K INTO PIO MU NEU GAMMA PI MU NEU GAM 134+ 105+ o+ ]
P29 K+ INTO PI+ MU+ E- PI+MU+E- 139+ 105+ .5
P30 CHAR. K INTC MU NEU E+ E- MU NEU E+E- 105+ 0+ .5+ .5
P31 K+= INTO MuU-+ NEU E+-— E+- MU-+ NEU 2E+- 105+ 0+ .5+ .5
P32 CHAR. K INTO NEU E E E NEU 3E 0+ .5+ 5+ .5
P33 CHAR. K INTO E NEU NEU NEUBAR E 3NEU o5+ o+ 0+ 0o
CHARGED K CONSTRAINED FIT .
OVERALL FIT OF MEAN LIFEy WIDTHS AND BRANCHING
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 3/78
QUANTITIES. OVERALL FIT HAS CHISQ=78.0. MAIN 3/78
CONTRIBUTION (13.2) COMES FROM R19 OF HAIDT 3778

71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT
AT THIS TIME)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, Pi' as follows: The diagonal elements are Pii 6Pi, where

6P, = /(8P 5P, while the off-diagonal elements are the normalized correlation coeffi-
cients (8P,6P;) /(5P; - 6P)).

above; only those P, appearing in the matrix are assumed in the fit to be nonzero and

For the definitions of the individual Pi' see the listings

are thus constrained to add to 1.

LR P2 P 3 P4 (] (33
P 1 .6350+-.0016
P2 -.7380 .21164-.0015
P 3 -.1919 ~.0353  .0559+-.0003
P4 -.1818 .0349 .2039 .0173+-.0005
P 5 -.2726 -.2321 -.1178 -.3230 .0320+-.0009
P 6 -.3389 -.1385 .1500 .0257 .2125 .0482+-.0005

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate

space; i.e., G; =

., in approprxate units.
= \{(8G;5G;), while the off-diagonal
clements are the normalized correlation coefficients (6G;8G,) /(8G, * 8G.). Note that,

because of the error in I‘total’ the errors and correlations here are not directly derivable

= Ty oeatPy In analogy to the matrix above,

the diagonal elements are G * GG i where 5G

from those above.

G 1 G 3 G 4 G 5 G 6
G 1 «5133+-.0017
G 2 —«3275 .1710+-.0013
G 3 -.0991 -.0024 .0452+-.0002
G 4 ~.1076 +0488 .2062 +0140+~.0004
G 5 =.1623 -.1977 -+3193 .0258+-.0007
G 6 ~.1552 -.0804 .1532 + 0309 +2197 .0390+-.0004

10 CHARGED K DECAY RATES

Wl CHAR. K INTC MU NEU (UNITS 10%%6 SEC-1) (G1)
Wl 51.2 0. FORD 67 CNTR +- 8/67
Wl DR ...
W1 FIT 51.33 0.17 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
w2 CHAR, K INTO PI PI+ PI- (UNITS 10**6 SEC~1) (G3)
w2 F (4.496) (0.030) RD 67 CNTR +- SEE NOTE F 8/67
W2 F 3.2M (6 529) (0 032) FURD 70 ASPK SEE NOYE F 11/70
W2 51 0 ASPK SEE NOTE F 11/70
w2 F THE LAST IS THE CDMBINED RES\)LT DF FORD 67 AND FORD 70
W2
W2 FIT 4. 517 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
W3 CHAR. K INTO (TAU) - (TAU PRIME) (UNITS 10**6 SEC-1)
W3 (G3-G4)
W3 USED FOR DELTA I = 1/2 TEST.
W3 © e e e e ..
W3 FIT 3.117 0.039 FROM FIT
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We CHAR. K INTO (MU PIO NEU) + (E PIO NEU) (UNITS 10%%6 SEC-1)
Wa (654G6)
W4 USED FOR DELTA I = 1/2 TEST.
Wa e e e e e .
We FIT 6.484 0.089 FROM FIT
10 ((K+) = (K=))/AVG., DECAY RATE DIFFERENCE (PERCENT)
D1 DIFFERENCE IN K MU2 RATES ((Gl+) (61-11/G1 (PERCENT)
D1 -0.54 0.41 67 CNTR 8/67
D2 OIFFERENCE IN TAU RATES ((G3+)-(G3-))/G3 (PERCENT)
D2 -0.50 0.90 FLETCHER 67 0OSPK 8/67
D2 F (=0.04) (o.21) FORD 67 CNTR SEE NOTE F 8/67
D2 F 3.2M (0.10) (0.14) FORD 70 ASPK SEE NOTE F 11/70
D2 F 0.08 0.12 FORD 70 ASPK SEE NOTE F 11/70
D2 S (-0.02) (0.16) 73 ASPK +- 11/73
D2 F SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINED WITH FORD 67.
Dz s SMITH 73 VALUE OF D2 IS DERIVED FROM SMITH 73 VALUE OF D3. 11/73
02 e e e e e e
D2 AVG 0.07 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
02 STUDENT  0.07 0.13 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT
D3 DIFFERENCE IN TAU PRIME RATES ((G4+)- lG‘r-H/AVERAGE (PERCENT)
D3 1802 -1l.1 HERZO 5/70
D3 0.08 D SS SMITH 73 ASPK L ad 11/73
D3 e e e .
D3 AVG -0.03 0.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
D3 STUDENT -0.03 0.60 AVERAGE USING STUDENT10(H/1.11) — SEE MAIN TEXT
D4 DIFFERENCE IN K PI2 RATES ((GZ*)—(GZ })/AVERAGE (PERCENT).
D4 0.8 1.2 RZO 69 0SPK 5/70
D5 DIFFERENCE IN K PI RAD RATES ((G13+#)-(G13-))/AVERAGE (PERCENT)
D5 24 0.0 4.0 EDWARDS 72 0SPK Pl KE 58-90 MEV 8/72
D5 4000 1.0 4.0 ABRAMS 73 ASPK +- PI KE 51-1C0 MEV 3/74
D5 2461 0.8 5.8 SMITH 76 WIRE +- PI+-KE 55-90 MEV 11/76
[ B R
D5 AVG 0.9 3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
05 STUDENT 0.9 3.5 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT
10 CHARGED K BRANCHING RATIOS
R o OLD DATA EXCLUDED
R1 CHAR. K INTO (MU NEU)/TOTAL (UN"’S lO** 2) rP1)
R1 « e. ) (3.0) 56 EMUL +
Rl O (56.9) (2 EXANDER 57 EMUL +
Rl 0 GLD EXPERIMENTS Nm INCLUDED IN AVERAGING 1/71
R1 62K 63.24 0.44 CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
R1 .
R1 FIT 63.50 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R2 CHAR. K INTO (PI PIO)/TOTAL (UNITS 10%%-2) P2)
R2 O (27.7) (2.7) BIRGE 56 EMUL +
R2 O (23.2) (2.2) ALEXANDER 57 EMUL +
R2 0 EARLIER EXPERIMENTS NOT AVERAGED
R2 21 .6) CALLAHAN 65 HLBC SEE R17
R2 (21.6) 0.6} TRILLING 65 RVUE 6/66
R2 16K 21.18 0.28 CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
R2 o s e v . )
R2 FIT 21.16 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R3 CHAR. K INTO (P PI+ PI- )/YOYAL lUNITS 1ou—z) (Pa)
R3 O (5.6) (0.4) EMUL
R3 O (b 8) (0 ‘0) ALEXANDER 57 EMUL +
R3 O .2) TAYLCR 59 EMUL +
R3 O EARLIER EXPERIMENTS NOT AVERAGED
R3 5.7 0.3 61 HLBC + 9/66
R3 2332 5.54 0.12 CALLAHAN 64 HLBC +
R3 540 5.1 0.2 SHAKLEE 64 HLBC + 9/66
R3 5.71 0.15 DE MARCO 65 HBC 6766
R3 44 6.0 0.4 65 EMUL + 6/66
R3 P 693 5.34 0.21 PANDOULAS 70 EHUL + 10/70
R3 C 2330 (545610 (0.20} CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
R3 C  THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 Rl.kz.klnks. AND R6 9/72
R3 P INCLUDES EVENTS OF TAYLOR 59.
R3 e s e e e e
R3  AVG 5.521 0.098  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R3  STUDENT 5.533 0.089 AVERAGE USING STUDENT10(H/1.11) -— SEE MAIN TEXT
R3 FIT 5.588 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
(SEE IDEOGRAK BELOW )
WEIGHTED RUERAGE = 5.521 = 0.098 R
ERROR SCALED BY 1.3
-1
Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by a
constrained fit program, which _
calculates its own values of %X, §x,
and scale factor, which are differ-
ent from the values shown here,
CHISQ
r . ‘PANDOULAS 70 EMUL 0.7
- +YOUNG 65 EMUL 1.4
-t 65 HBC 1.6
. 64 HLBC 4.4
—— -CRLLAHAN 64 HLBC 0.0
s — -ROE 61 HLBC 0.4
B.6
(CONLEV
4.5 5.0 5.5 6.0 6.5 7.0 20.127)
CHAR.K TO (PI PI+ PI-)~/TOTAL (UN 10xx-2)
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Data Card Listings

For notation, see key at front of Listings.

R4 CHAR. K INTO (PI 2PI0}/TOTAL (unns 10%%-2) (P4} R14 CHAR. K INTO (PI PI+ PI- GAMMA)/TOTAL (UNITS 10%%-4)
R4 O (2.1) (0.51) BIR 56 EMUL. + R14 (P14)
R4 O (2.2) (o 4) ALEXANDER 57 EMUL + R14 1.0 0.4 STAMER 65 EMUL + EGAM GT 11MEV 8/66
R4 © (1.5) TAYLOR 59 EMUL +
R4 O  EARLIER EXPERIMENTS NOT AVERAGED R15 CHAR. K INTC (vx Ee E-)/TOTAL (UNITS 10%#-6) (P15)
R 1.7 0.2 ROE 61 HLBC + 11767 RL5 1 2.45 SS CL=.90 AMERINI 64 FBC + 8766
R4 108 1.8 0.2 SHAKLEE 64 HLBC + 11767 R15 4.4 DR LESS CL=190  BISI 67 DBC + 11767
R4 P 198 1.53 0.11 PANDOULAS 70 EMUL + 10/70 R15 C (0.4) OR LESS CLINEL 67 FBC + L11/67
R4 1307 1.84 0.06 CHIANG 72,0SPK + 1.84 GEV/C K+ 9/72 R15 0.88 OR LESS CL=.90 CLINE2 67 FBC + . 2/74
R4 P INCLUDES EVENTS OF TAYLOR 59. R15 32.0 . OR LESS CL=.90  BEIER 72 0SPK + 9/72
R4 e e e e e R15 1.7 OR LESS CL—.90 csucs 74 ASPK + THREE TRACK EVTS 10/74
R4 AVG 10767 0.071  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.4) R15 0.27 DOR LESS ClL= T4 ASPK + TWO TRACK EVENTS 10/74
R4  STUDENT 1.778 0.063  AVERAGE USING STUDENT10(H/1.11) -~ SEE MAIN TEXT R15 € CLINE2 REPLACES CLINEl. CLINEl IS NOT FOR CL=.90 . 2/74
R4 FIT 1.732 0.045 FRGM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.3)
(SEE IDEOGRAM BELOW ) R16 CHAR. K INTO (PI MU+ MU-)/TOTAL (UNITS 10%%-6)  (P1l6)
R16 3.0 OR LESS CL=.90 CAMERINI 65 FBC + 8/66
WETGHTED AUERAGE = 1.767 % 0.071 R16 2.4 OR LESS CL=.90 BISI 67 DBC + 11767
ERROR SCALED BY 1.4 R17 CHAR. K INTO (PI PIO)}/TAU (P2) /(P3)
_ R17 134 3.24 0.34 YOUNG 65 EMUL + . 8/66
R17 1045 3.96 0.15 CALLAHAN 66 FBC + 9/66
(354 e e e e e
R17 AVG 3.84 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9}
. R17 STUDENT  3.86 0.16 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
Values above of weighted average, R17 FIT 3.787 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
error, and scale factor are for the
reader'!s convenience only. The R18 CHAR. K INTO (PI 2PI10)/TAU (P4) /(P3)
R18 2027 0.303 0.009 BISI 65 H+HL + . 8/66
- data were actually processed by a r18 17 0.393 0.099 YOUNG 65 EMUL + 8766
constrained fit program, which R18 L. L.
calculates its own values of X, 6%, R18 AVG 0.3037  0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
and scale factor, which are differ- R18 STUDENT  0.3037  0.0097 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
ent from the values shown here. R18 FIT 0.3100  0.0079 FROM FIT (ERROR INCLUDES SCALE FACTOR GF 1.3)
R19 CHAR. K INTO (MU PIO NEU)/TAU (P5)/(P3)
R19 2845 0.632 0.03 ISI 1 65 H+HL + . 8/66
R19 38 0.90 0. 16 YOUNG 65 EMUL + 8766
CHISQ R19 H 1505  (0.510) (0. 017) EICHTEN 68 HLBC + 11768
=== " R19  H1505 0.503 71 HLBC + 12/70
e -CHIANG 72 OSPK 1.5 R19 H HAIDT 71 IS A REANALYS]S oF EICHTEN 68,
\ . R19 e e .
! PANDOULAS 70 EMUL 4.6 R19 AVG 0.536" * 0.054  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.2)
-SHAKLEE 64 HLBC 0.0 R19 STUDENT  0.527 0.025  AVERAGE USING STUDENT10(H/1.11) —— SEE MAIN TEXT
RIS FIT 0.572 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8)
ROE 61 HLBC 0.1 (SEE IDEOGRAM BELOW )
6.3
(CONLEV WEIGHTED AVERAGE = 0.536 = 0.054
1.2 1.6 2.0 . 2.4 =0.100) ERROR SCALED BY 3.2
CHAR. K INTO (PI 2PIO0) - TOTAL (UN 10%x%-2) ——
RS CHAR. K INTGC (MU PIO NEU)/YDTAL (uan 10 #%— 2) (P5)
R5 0 (2.8) (1.0) 56 +
RS G (5.9) (1.3) ALEXANDER 57 EMUL +
RS 0O (2.8) 4) TAYLOR 59 EMUL + Values above of weighted average,
RS O EARLTER EXPERIMENTS NOT AVERAGED error, and scale factor are for the
E; 2345 3.33 0.16 CHIANG T2 DSPK + 1.84 GEV/C K+ 9/72 reader' s convenience only. The
RS FIT 301977 7 0.086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7) data were actually processed by a
constrained fit program, which _
R6 CHAR. K INTO (E PIO NEU)/TOTAL (UNITS lo** z) (P&} calculates its own values of X, &%,
:2 g ‘3'2) (“'3; ALEXENDER 25 EMUL : and scale factor, which are differ-
R6 0 EARLIER EXPERIMENTS NOT AVERAGED ent from the values shown here.
R6 5.0 0.5 RCE 61 HLBC + 11767
R6& 429 4.7 0.3 SHAKLEE 64 HLBC + 11767
R6 3516 4.86 0.10 CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
R6 e e e e e e e
R6  AVG 4.849 0.093  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) cHIsa
R6 STUDENT  4.85 0.10 AVERAGE USING STUDENT10(H/1.11) -=- SEE MAIN TEXT . .HAIDT 71 HLBC 3.1
6 . . ROM .
R6 FIT 4.824 0.052 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.1) YOUNG 65 EMUL
RT CHAR. K INTO (PI2 + MU3)/TOTAL (UNITS 10%%-2) (P2+P5) 11767 .BISI 1 65 H+HL 7.5
R7 WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC e
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 10.5
R7 23.4 1.1 RCE 61 HLBC + 11767 (CONLEU
R7 8E6  25.4 0.9 SHAKLEE 64 HLBC + 11767 0.2 0.6 1.0 1.4 =0.001)
R7 e e e e e e
R7 AVG 24. 60 2.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) CHARGED K INTO (MU PID NEU)~/TAU
R7 STUDENT 24.61 0.83 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R7 FIT 24.36 0.15  FROM FIT (ERRGR INCLUDES SCALE FACTOR GF 1.1)
RS K+ INTO (PI+ PI+ - NEU)/TUTAL (ust 10%%-7) (p8)
R8 20. OR LESS «95 65 FBC + 8/66 R20 CHAR. K INTO (E PlO NEU)/TAU (P6) /(P3)
R8 o 6.9  OR LESS 69 HLBC + 10769 R20 230 0.90 BORREANI 64 HBC + . 8/66
R8 0 9.0  OR LESS scm«zmes 71 HLBC + 9/71 R20 37 0.50 o 16 YQUNG 65 EMUL + . 8/66
R20 854 .94 0.09 BELLOTT2 67 HLBC 11767
R9 K+ INTO (PTI+ PI- MU+ NEU)/TOTAL (UN!TS 10%%-5) (P9} R20 H 4385  (0.846) (0.021) EICHTEN 68 HLBC + 11768
R9 1 0.77 0.54 0.50 INE 65 FBC + 8/66 R20 H4385 0.850 0.019 HAIDT 71 HLBC + 12/70
R20 2827 0.856 0.040 BRAUN 75 HLBC + 12/75
R1O K+ INTO (PI+ PI+ MU- NEU)/TOTAL (UNITS 10%¥—6)  (P10) R20 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68.
R10 0 3.0 OR LESS CL=.95 RGE 65 FBC + 8/66 R20 .
R20 AVG 58" © 0,016 AVERAGE (ERROR INCLUDES SCALE FACTOR.OF 1.0)
R11 CHAR. K INTO (E NEU)/TOTAL (UNITS 10#%*-5) (P11} R20 STUDENT  0.858 0.018  AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R11 160.0  OR LESS CL=.95 BORREANI 64 HBC + 11/67 R20 FIT 0.8633  0.0098 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R11 4 2.1 1.8 1.3 BOWEN 67 OSPK + 8/67
R11 BOWEN RESULT SHOULD BE CORRECTED TO 1.9(+1.7,-1,2) BECAUSE OF R21 K+ INTO (PI+ 71— E+ NEU/TAU (umrs 10%%-4) (P71 /(P3)
R11 K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WITH BOTTERILL 67 R28 R21 69 6.7 . RGE 65 FBC + 8/66
R21 269 5.83 o 63 ELV 69 HLBC + 11768
R12 CHAR. K INTO (PI GAMMA GAMMA) /TOTAL (UNITS 10%%-4) R21 500 7.36 0.68 BOURQUIN 71 ASPK 12771
R12 (P17) R21 106 7.0 0.9 SCHWEINBE 71 HLBC + 9/71
R12 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PICN ENERGY SPECTRUM 2/72 R21 30K 7.21 0.32 ROSSELET 77 SPEC + 11777
R12 . -0.1 0.6 CHEN 68 OSPK + T(PI) 60-90 MEV ~ 9/73 R21 P
R12 0 0.5  OR LESS CL=.90  KLEMS 71 0SPK + T(PIIGT 117 MEV = 8/71 R21 AVG 6.98 0.26 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R12 0 0.35 OR LESS CL=.90  LJUNG 73 HLBC + 6-102,114-12TMEV  9/73 R21 STUDENT  7.02 0.29 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R12 0 -0.42 0.52 ABRAMS 77 SPEC + T(PIILT 92 MEV  12/77
R22 K+ INTO (PI+ PI- MU+ NEU)/TAU (UNITS 10%%-4) (P9) /(P3)
R13 CHAR. K INTO (PI PIO GAMMA) /TOTAL (UNITS 10** 41 1913) R22 1 (2.5) APPROX GREINER =~ 64 EMUL + 8/66
R13 0 18  (2.2) €0.7) CLINE FBC PI+ KE 55-80 MEV 8/66 R22 7 2.57 © 1.55 BISI 67 DBC + 11767
R13 0 1.9 DR LESS CL=.90 EMMERSON eg 0SPK PI+ KE 55-80 MEV 10/69
R13 M 0 1.0 OR LESS MALTSEV 70 HLBC + PI+ KE LT 55 MEV 12/75 R23 CHAR. K INTO (E PIO NEU)/(MU2+PI2) (UNITS lO‘*-Z)(Pb)I(Ph»PZ)
R13 A2100 2.7 0.19 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV 1/73 R23 1679 5.89 0.21 ESTER 66 0SPK 8/67
R13 0 2 (2.4) (0.8) EDWARDS 72 OSPK PI+ KE 58-90 MEV 8/72 R23 5110 (, 16 0. 22 ESCHSTRUT 68 DSPK + 3768
R13 L (1.5) (1.1) (0.6) LJUNG 73 HLBC + PI+ KE 55-80 MEV 9/73 R23 S92 0. WEISSENBE 76 SPEC + 1778
R13 L (2. 61 (1.5) (1.1)  LJUNG 73 HLBC + PI+ KE 55-90 MEV 9/73 R23 w VALUE CALCULATED FROM WEISSENBERG 76 KE3, KMU2, KPI2 VALUES 1/78
R13 oL 17 (6.8) (3.7) (2.1) LJUNG 73 HLBC + PI+ KE 55-102MEV  9/73 R23 W TO ELIMINATE DEPENDENCE ON OUR 1974 TAU AND TAU-PRIME FRACTIONS. 1/78
R12 2461 2.87 0.32 SMITH 76 WIRE +- PI+-KE 55-90 MEV 11/76 R23 e e e e e e e
R13 G~ ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED 3/18 R23 AVG .01 0.15 AVERAGE (ERROR INCLUDES SCALE FACTCR OF 1.0)
R13 M MALTSEV 70 SELECTS LOW PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR. - 1776 R23 STUDENT  6.01 0.17 AVERAGE USING STUDENT1O(H/1.11) -- SEE MAIN TEXT
R13 L THE LJUNG 73 VALUES ARE NOT INDEPENDENT. 9/73 R23 FIT 5.698 0.067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R13 A ABRAMS 72 OBSERVES. DIRECT EMISSION BR. RATIO OF (1.56+-0.35)%10%%-5 1/73 ’ :
R13 A +-0.5%10%%-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO 1/73
R13 A OF (2.55+-0.18)*10%*-4. WE QUOTE THE SUM OF THESE BR. RATIOS. 1773
R13 e e e e e s
R13 AVG 2.75 .16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
2.75

R13 STUDENT 0.18 AVERAGE USING STUDENTLO0(H/1.11) -~ SEE MAIN TEXT
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R24 CHAR. K INTO (PI P10)/(MU NEU) (P2)/(pP1)

R24 A4517 0.3277 0.0065 AUERBACH 67 OSPK + 1/74
R24 1600 0.305 0.018 ZELLER 69 ASPK + 10/69
R24 W 25K (0.328) (0.005) WEISSENBE 74 STRC + /74
R24 W 0.3355 0.005 WEISSENBE 76 SP 1778
R24 A AUERBACH 67 CHANGED FROM .3253+-.,0065. SEE CUMNENT WITH RATIC R26. 1/74
R24 W WEISSENBERG 76 REVISES WEISSENBERG 74. /78
R24 e e e e P

R24 AVG 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

R24 STUDENT 0.33C7 0.0048 AVERAGE USING STUDENT10(H/1l.11) —-- SEE MAIN TEXT
R24 FIT 0.3332 0.0030 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0)

R25 CHAR. K INTO (E PIO NEU)/(MU NEU) (P6)/(P1)

R25 A 2S5 0.0791 0.0054 AUERBACH 67 OSPK + /74
R25 960 . 0775 .0033 BOTTERI1 68 ASPK + 5/68
R25 561 0.069 0.006 GARLAND 68 OSPK + 4/68
R25 350 0. 069 0.006 ZELLER 69 ASPK + 10/69
R25 A AUERBACH 67 CHANGED FROM .0797+-.0054. SEE COMMENT WITH RATIC R26. 1/74
R25 A THE VALJE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF 3/74
R25 A AUERBACH 67 R25 AND CESTER 66 R23. 3/74
R25 D N

R25 AVG 0.0752 0.0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R25 STUDENT 0.0753 0.0027 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R25 FIT 0.07597 0.00091 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.1)

R26 CHAR. K INTO (MU PIO NEU)/(MU NEU) (Ps5)/(P1)

R26 A 307 0. 0486 0.0040 AUERBACH 67 OSPK + 1/74
R26 G 424 0. 0480 0.0037 GARLAND 68 OSPK + 1774
R26 240 0.054 0.009 ZELLER 69 ASPK + 10/69
R26 A AUERBACH 67 CHANGED FROM .0602+-.0046 BY ERRATUM WHICH BRINGS THE /76
R26 A  MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD 70 APPENDIX B. 1/74
R26 G GARLAND 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM 1/74
R26 G CALCULATION OF GAILLARD 70 APPENDIX B. L.G.PONDROMs PRIV.COMM.(73) 1/74
R26 o e e e PRy -

R26 AVG 0.0488 0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R26 STUDENT 0.0487 0.0028 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
R26 FIT 0. 0503 0.0014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

R27 CHAR. K INTO (MU NEU)/TAU (P1)/(P3)

R27 R 427 (10.38) (0.82) YOUNG 65 EMUL + 9/66
(R27 R DELETED FRGM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS.

R27 R TO ADD UP TO 1. ONLY YOUNG MEASURED MU2 DIRECTLY.

R27 D

R27 FIT 11.364 0.072 FROM FIT

R28 CHAR. K INTO (E NEU)/(MU NEU) (UNITS 10%*-5) (P11)/(P1)

R28 10 1.9 0.7 BOTTERILL 67 ASPK + 11/67
R28 8 1.8 0.8 0.6 MACEK 69 ASPK + 4/69
R28 112 2.42 0.42 CLARK 72 OSPK + /73
R28 534 2437 0.17 HEARD2 75 SPEC + 11/75
R28 404 2.51 0.15 HEINTZE 76 SPEC + 2/76
R28 e e s e e e s e .

R28 AVG 2.42 0.11 * AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R28 STUDENT 2.42 0.12 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R29 CHAR. K INTO (MU PIO NEU}/(E PIO NEU) (P5) /(P&}

R29 C15C9 0.703 0.056 CALLAHAL 66 HLBC 6/68
R29 5601 0.667 0.017 BOTTERI2 68 ASPK + 6/68
R29 H 1398 (0.604) (0.022) EICHTEN 68 HLBC 10/68
R29 H (0.596) (0.025) HAIDT 71 HLBC + 12/70
R29 D3480 0.698 0.025 CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
R29 L 554 0.705 0.063 LUCAS2 73 HBC - DALITZ PRS ONLY 11/73
R29 B 1585 (0.608) (0.014) BRAUN 75 HLBC + 1/76
R29 0.67 0.12 WEISSENBE 76 SPEC + 1/78
R29 E (0.6701 (0.014) HEINTZE 77 SPEC + 12777
R29 COMMENTS

R29 FROM CALLAHAN1 66 WE USE ONLY THE MU3/E3 RATIO AND DO NOT

R29 C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E3/TAU, SINCE THEY SHOW

R29 € LARGE DISAGREEMENTS WITH THE REST OF THE DATA.

R29 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68.

R29 H CNLY INDIVIDUAL RATIOS INCLUDED IN FIT (SEE R19 AND R20). 11/68
R29 D CHIANG 72 R27 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND Ré6. 9/72
R29 L LUCAS 73 GIVES N(MU3)=554+-7.6PCT, N(E3)=786+-3.1PCT. WE DIVIDE. 11/73
R29 B BRAUN 75 VALUE IS FROM FORM FACTOR FIT. ASSUMES MU-E UNIVERSALITY. 1/76
R29 E HEINYZE 77 VALUE FROM FIT TC LAMBDAO. ASSUMES MU-E UNIVERSALITY. 12777
R29 “ e e e e e e e .

R29 AVG 0.679 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R29 STUDENT 0.679 0.015 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT
R29 FIT 0.663 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

R30 CHAR. K INTO (PIO E NEU GAMMA)/(PIO E NEU) (UNITS 10%%-2)

R30 (P18)/(P6)

R30 1.2 0.8 BELLOTT1 67 HLBC + EGAM GT 30MEV 11767
R30 R 13 0.76 0.28 ROMANO 71 HLBC EGAM GY 10MEV 10/71
R30 R (0.53) (0.22) ROMANG 71 HLBC +  EGAM GT 30 MEV 9/73
R30 L 16 0.48 0.20 LJUNG 73 HLBC + EGAM GT 30 MEV 9/73
R30 L (0.22) (0.15) (0.10) LJUNG HLBC + EGAM GT 30 MEV 9/73
R30 L FIRST LJUNG VALUE IS FOR COS(ELECT-GAMMA)L.T. 0.9, SECOND VALUE IS 9/73
R30 L FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANO. 9/73
R30 R BOTH ROMAND VALUES ARE FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9. 9/73
R30 R SECOND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 9/73
R30 R WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE ROMANO FOR EGAM DEPEND. 9/73
R30 « e e s e e s a .

R30 AVERAGE MEANINGLESS (SCALE FACTOR = 1.0)

R31 K~ .INTO (PI+ E- E~}/TOTAL (UNITS 10%%-5) (P19}

R31 TEST OF LEPTCN NUMBER CONSERVATION.

R31 1.5 OR LESS CHANG 68 HBC = 3/68
RZ2 CHAR. K INTO (PI NEU NEU)/TOTAL (UNITS 10%¥-6) {P20)

R32 C (1.4) OR LESS CL=.90 KLEMS 71 OSPK + T(PI) 117-127MEV 3/74
R32 C (0.94) OR LESS CL=.90 CABLE 73 CNTR + T(PI) 60-105 MEV 2/74
R32 C 0.56 OR LESS CL=.90 CABLE 73 CNTR + T(PI) 60-127 MEV 2/74
R32 L 57.0 OR LESS CL=.90 LJUNG 73 HLBC + 9/73
R32° C KLEMS 71 AND CABLE 73 ASSUME PI SPECTRUM SAME AS KE3 DECAY. 3/74
R32 € SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 2/74
R32 L LJUNG 73 ASSUMES VECTOR INTERACTION. 9/73
R33 CHAR. K INTO (E NEU GAMKA)/TDTAL (UNITS 10%%~5) (P21)

R33 M 7. 70 OSPK + P(E) 234 TO 247 12/70
R33 M ABOVE IS MEASUREMENT OF STRUCTURE—DEPENDENT DECAY ONLY.

R34 CHAR. K INTO (PI GAMMA) /TOTAL (UNITS 10%*%*-6) (pP22)

R34 4.0 OR LESS CL=.90 EMS 71 OSPK + 8/71
R35 CHAR. K INTO (TAU)/(TAU PRIME) (P3/P4)

R35 USED FOR DELTA [=1/2 TEST.

R35 PR Y

R35 FIT 3.226 0.082 FROM FIT

R36 CHAR. K INTO (P! 3GAMMA ) /TOTAL (UNITS 10%*-4) (pP23)

R36 3.0 OR LESS CL=.90 KLEMS 71 OSPK + T(PI} GT 11TMEV 8/71
R37 K+ INTO (PI+ PI+ E- NEUI/(PI+ PI- E+ NEU) (UNITS 10%%-4) (P8)/(PT)

R37 o OR LESS CL=.95 BOURQUIN 71 ASPK 8/76
R37 B 3 3.6 OR LESS CL=.95 BLOCH 76 SPEC 8/76
R37 B CORRESPONDS TO 3E10-4 AT CL=.90. N 2/80%

S75
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R38 CHAR. K INTO (PIO PIO E NEUJ/KE3 (UNITS 10%*%-4) (P24)/7(P6)
R38 0 37.0 - OR LESS CL=.90 ROMANOC 71 HLBC + 12771
R38 2 3.8 5.0 1.2 LJUNG 73 HLBC + 9/73
R39 K+ INTO (PI- E+ MU+)/TOTAL (UNITS 10%*-8) (P25)
R39 K~ INTO (PI+ E- MU-)/TOTAL IS ALSO INCLUDED HERE
R39 2.8 OR LESS CL=.90 BEIER 72 OSPK +- 9/72
R40 K+ INTO (PI+ E+ MU-)/TOTAL (UNITS 10%%-8) (P26
R40 K- INTO (PI- E- MU+)/TOTAL IS ALSO INCLUDED HERE
R40 1.4 OR LESS CL=.90 BEIER 72 OSPK +- 9/72
R41 CHAR. K INTIJ (MU 3NEU) /TOTAL (UN]TS 10%%— 6) (P27)
R4l P ESS CL=.90 CN 11/73
R4l P PANG 73 ASSUMES MU SPECTRUM FRUM NEU- NEU INTERACTIUN OF BARDIN 70. 3/74
R42 CHAR. ‘K INTO (PIO MU NEU GAM)/TOTAL(UNITS 10%**-5)(P28) 9/73
R42 0 6.1 LESS CL=.90 Ly 73 HLBC + EGAM GT 30 MEV 9/73
R43 CHAR. K INTG (E PIO NEU)/(PI PIO) (P6)/(P2)
R43 L 786 0.221 0.012 Lucasz 73 HBC - DALITZ PRS ONLY 11/73
R43 L LUCAS 73 GlVES N(E3)=786+-3.1PCT, N{PI2)=3564+-3.1PCT. WE DIVIDE. 11/73
R&43 .« . .
R43 FIT 0.2280 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R44 CHAR. K INTO (PI 2PI0)/(PI PIO) (P4)/(P2)
R44 L 574 0.081 0.005 LUCAS2 73 HBC -~ DALITZ PRS ONLY 11/73
R44 L LUCAS 73 GIVES N(PI 2PI0)=574+-5.9 PCT, N(PI2)=3564+-3.1 PCT. 11773
R44 L WE QUOTE 0.5%N(PI 2PIO)}/N(PI2) WHERE 0.5 IS BECAUSE ONLY DALITZ 11/73
R44 L PAIR PIO*'S WERE USED. 11/73
R44 - s e . P
R44 FIT 0.0819 0.0022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
R45 CHAR. K INTO(MU NEU GAMMA)/TOTAL (UNITS 10%*-3) (P12) T/74
R45 12 5.8 3.5 WEISSENBE 74 STRC + E-GAMMA GT 9 MEV 7/74
R46 CHAR. K INTO (PI E+ E-)/(PI+ PI- E NEU) IUN!TS 10%%-3) (P15)/(P7)
R46 B 41 7.0 1.3 BL 75 EC + 11/75
R46 B8 BLOCH 75 QUOTES THIS RESULT MULT[PLIED BY UUR 1974 KE4 BR.FRAC. 11/75
R&4T CHAR. K INTO (E NEU GAM)/(E NEU). {P211/(P11)
R4T" STRUCTURE DERENDENT PART WITH + GAMMA HELICITY.
R4T H 56 (1.05) (0.25) (0.30) HEARDL 75 SPEC + P(E) 236 TO 247 11/75
R47 H THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEC.R54 11/75
R47 H BELOW. 11/75
R48 ’ K+ INTO (PI#—HU +Ev)/(Pl0PI E NEU) (UNITS 10%%-4) (P25+P26)/(P7) 11/76
R48 D OR LESS CL= DIAMANTBE 76 SPEC + 11/76
R48 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR. RATIO. 11/76
R49 K* INTO (PI+ MU+ E-)/(PI+PI- E NEU) (UNITS 10%**-4) (P29)/(PT) 11/76
R49 D 1.3 OR LESS CL=:90 DIAMANTBE 76 SPEC + 11/76
R49 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 11776
RS0 CHAR. K INTO (MU NEU E+E~)/(PI+PI-ENEU) (UNITS 10**~3) (P30)/(P7) 11/76
R50 D 14 3.3) ( DIAMANTBE 76 SPEC + M(EE) GV 140 11/76
R50 D 14 27 DIAMANTBE 76 SPEC + EXTRAPOLATED BR 11/76
R50 D DIAMANTBE 76 QUOTES THESE RESULTS TIMES OUR 1975 KE4 BR RATI 11/76
R50 D THE SECOND DIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRA?DLATED TU 0 11/76
R50 D TO INCLUDE LOW MASS E PAIRS. 11/76
R51 K+= KNTU(PK—-*E-P E+-)/(PI+PI-E NEU) UNITS(10%*-4) (P19)/(PT) 11/76
RS1 D OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76
R51 D DIAHANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO. 11/76
R52 K&- lNTD(MU-# NEU E+~ E+~)/(PI+PI—-E NEUJ(UNITS 10%*-3) (P31)/(PT7) 11/76
R52 D OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76
R52 D DIAMANTBE 76 QUGTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 11/76
R53 K+ INTO (NEU E+ E+ E )/ (PI+PI- E NEU) (UNITS 10*%-2) (P32)/(P7) 11/76
R53 4 4 0.27 DIAMANTBE 76 SPEC + 11776
R53 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 11/76
R54 CHAR. K INTO (E NEU GAM)/(MU NEU) (UNITS 10%%-5)(P21)}/(P1)
R54 STRUCTURE DEPENDENT PART WITH + GAMMA HELICITY
R54 H 51 (2.33) 0. 42) HEINTZE 79 SPEC + TI/79%
RS54 H 107 2.40 EINTZE 79 sp T/79%
R54 H SECOND HEINTZE 79 RESULT IS FIRSY COMBINED HlTN HEARDI 75 RESULT T/79%
RS54 H FROM SECTION R47 ABOVE. T/79%
R55 CHAR., K INTO (E NEU GAM)/(MU NEU) (UNITS 10%%-4)(P21)/(P1)
R55 SIRUCTURE DEPENDENT PART WITH - GAMMA HELICITY
R55 H OR LESS CL=.90 HEINTZE 79 SPEC + T/79%
R55 H 1HPLlES (AXIAL VEC./VECTOR) AMPL. RATIO OUTSIDE RANGE -1.8 TO -.54. 7/79%
R56 CHAR. K INTO (E NEU NEU NEUBAR)/(E NEU) (P33)/(P11) T/79%
R56 [ 3.8 OR LESS CL=.90 HEINTZE 79 SPEC + T/79%
Note on Slope Parameter for K - 3T Decays
As was discussed in Section VI B.1l of the
text, for the 3T decays of the K mesons we list
the slope parameter "g" which is defined, as in
that section, by
2
s,- S
2 (s3-50) 37 %
[M|" =« 1+ g + h
2 2
m m
T+ T+
2
(s, -s.) s, - s
. 2 1 2 1
+ + k + oeees (1)
2 2
m+ w4
where
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- 2 2
I D 2
1 2 2 2 2
= = = = + +
so = 3Ls; (mg +my +my +my) (3)
?K' Bi are the four-vectors for the K and the
ith pion, and the index 3 refers (4)

to the odd pion, i.e., the third pion
in the decays listed below.
We refer to the three possible charged decays as

T, T', and °:

+ + £ & F
T K > momw
+ + o_o_=*
T K > mwT
0 + - 0

7° Ko+ omamw

The measurements of g vary considerably beyond
the authors' quoted errors as can be seen in the
ideograms associated with the GT+, GT-, and GTP .
subsections of the Ki Data Card Listings and the
GTO subsection of the Kg Listings. Appendix I
discusses tests of the AI =1/2 rule utilizing these

slopes.

There is no indication of a CP-violating
asymmetry in Kﬁ decay as measured by the coeffi-
cient j given in subsection JTO of the Kﬁ Listings.

The high-statistics To—decay experiment of
MESSNER 74 finds significant non-zero quadratic
coefficients h and k. CHO 77, a lower-statistics
T° experiment, obtains results in agreement with
MESSNER 74 but can also obtain good fits with a
linear term (g) only. The correlation between the
linear and quadratic coefficients changes the CHO
77 g_, from 0.629+ 0.017 (linear fit) to 0.681*%
0.022 (quadratic fit). Anothef experiment,

PEACH 77, does not observe this correlation and is
in agreement only with the linear fit of CHO 77.

There is some evidence for a non-zero Kk
coefficient from Tt experiments. FORD 72 (1.5M
events) have studied Ki e ﬂiﬂiﬂ+ and find that the
%2 /DF goes from 1.38 to 1.20 for DF ~ 150 when the

second order and CP-violation terms are added.

However, the authors state that since their Coulomb
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Data Card Listings

For notati’on, see key at front of Listings.

correction is larger than the experimental errors
and is not well known, it is difficult to interpret
these results. DEVAUX 77 also finds a non-zero k.

Because of the above evidence for quadratic
terms, and for consistency in our treatment of T0
and Ti decay, we now include in our averages only
those t° and ‘l.‘i experiments for which we have
information on the three coefficients g, h, and
k. Correlations prevent us from comparing fits
which do not include these three parameters. For
T't decays we compile g and h only since no

experiments measure k.

Parametrizations

In the literature other definitions of slope
parameters have appeared. We have converted to the
definitions of g, h, j and k in Egq. (1) from
whatever experimental quantity has been reported.
We give the conversion to the definition‘(l) for
the most widely used parametrizations and tabulate

the conversion factors for the reader's convenience.

a) For analysis of charged K's and some k°

experiments, the expression often used is:

2 2 2
M = +ay
|| 1+ a,¥+b ¥ +d X +eX
with
37, - 0
3
Y = 5 ,
V3 (T)=7,)
X = ,
Q
Q = mK - z m. .

The relevant formulae are:

. . .3 %375, L _ ¥ 54
B , x - ;
2 mKQ 2 m, !

with

and
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—cy(ay + 2byA)

. 2
1+ A+Dp A
ayft by
2

Sy by

2
+ A+ b A
1 ay v
d
°y %
2
V3 (1+ayA+byA )

2
Cy ey
2
A
3(1+ayA+by )

with

mQ

b) For the analysis of some x° experiments
the expression used is

m

2 K
M| = 1+2a —5 @Ty-T, )
m S
2
m
K 2
+ bt <———m > (274 —T3max) '
+
™
with
2 2
. ~ (rnK —m3) - (ml+-m2)
3max 2mK

The relevant transformations are

S, S

3 70 Q
T, = -—=—— + = (1+4)
3 2mK 3
and
g - -2a, - btct
btc 2 !
1+ a,c,_ + t
t7t 4
by
h = > ,
bioy
1+ atct + 2
with
2m
K 2
cp = > [ 3 o(1+A) - T3max] .
e

c) Other k° authors use the same form of

matrix element as given in b) above with a linear
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term only, but define

2
T = 39 -

max

The relevant transformation is then

—Zau
g = T ’
1+ aycy
with
4mK
cy = 2 QA .
3mﬁ+
d) Older k° analyses were done using
T
3
MEE 1+a, — -
K

The relevant transformation is then

S77

Particles
I(i

~ %Py
9 T T 1aa ’
1+ dvav
with
! 2
L
c =
2
v 2m
and
dV = %(I-FA) .
K
\ . . 0
e) The CP-violating term in |M|2 for KL >
+ -
o experiments has been parametrized in several
ways. BLANPIED 68 and SCRIBANO 70 use the parame-

trization given in (b) above with no quadratic term

and with an additional CP violating term.

68 parametrizes the CP-violating term as
K

B 2
m’n__‘.

(Tl —T2) .

The relevant transformation is then

with ¢, as defined in (b) above. SCRIBANO

parametrizes the CP-violating term as

2 T - T
s
V3 T12max
where T. is the maximum kinetic energy
12max

particle 1 or 2, the charged T's, given by

BLANPIED

70

of
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10 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT

2 2
(mK‘ ml) - (m2 + m3) RELATED TEXT SECTION VI B.l, APPENDIX I, AND MINI-REVIEW ABOVE

T =
12max 2m . MATRIX ELEMENT SQUARED = 1 + GXU + HRUkk2 + KXV*%2 1/79%
K WHERE U=(S3-50) /{MPI*%2) AND V=(S1~52)/(MPI*%2) 1/79%
6T+ LINEAR COEFFICIENT G FOR TAU DECAYS K+ —=> PI+ PI+ PI- /79
. . . cT+ SOME EXPTS USE DALITZ VARIABLES X AND Y. WE GIVE AY=COEFF OF Y 1/79%
The resulting transformation is then 6T+ TERM AT RIGHT. SEE MINI-REVIEW ABOVE. i 1/79%
GT+ZL 5428 (-0.22)  (0.024) ZINGHENKO 67 HBC +  AY=0.28+-.03 10769
GT+ L 9994 (~0.218) (0.016) BUTLER 68 HBC + AY=0.277+-.020 10769
2 . GT+ 617898 (-0.196) (0.012) GRAUMAN 70 HLBC + AY=0.228+-.030 8/70
m 4 ol GT+ 750K -0.2157  0.0028 FORD 72 ASPK + AY=0.2734+-.0035 1/79%
ki s GT+H 39819  ~0.200 0.009 HOFFMASTE 72 HLBC + 1/79%
= . 6T+ 225€ —0,2221  0.0065 DEVAUX 77 SPEC + AY=0.2814+-.0082 1/79%
V3 (L + c_a,) GT+ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78
3m_T tt GT+ Z  ALSO INCLUDES DBC EVENTS

K "12max GT+ G EMULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFFMASTER 72 : 1771
GT+H HOFFMASTER 72 INCLUDES GRAUMAN 70 DATA. 1/79%

GT+ . ..

X GT+ AVG 2154 = 0.0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
SMITH 70 gives the asymmetry GT+ STUDENT -0.2156 ?éggzﬁuzééﬁifssﬁi"f STUDENT10{H/1.11) -- SEE MAIN TEXT

N, - N
o = = WEIGHTED RAUVERRGE = -0.2154 = 0.0035
N+ + N ERROR SCALED BY 1.4

where N, is the number of events with Ty >T2 and
N_ is the converse. BLANPIED 68 gives the relation
OB = 0/1.16 which allows us to use the transforma-
tion to j given above for BLANPIED 68.

For the reader's convenience we give a table

of numerical values for T T A, c c
Qr Tynax’ Tiomax’ &7 Sy e’ CHISQ
¢, ¢, and d_, obtained using the masses from the | | Ty oo DEVAUX 77 SPEC 1.0
u v . v ————4——— - -HOFFMASTE 72 HLBC 2.9
current edition. 72 ASPK 0.0
4.0
(CONLE
‘ri T.i 10 -0.24 -0.22 -0.20 -0.18 53,13‘5’)
LIN. ENERGY DEP. FOR K+ TO PI+ PI+ PI-
Q 74.97 84.18 83.57
HT+ QUADRATIC COEFF. H FOR K+ --> Pli PI+ PI- 1/79%
HT + 750K 0.0187 0.0062 ORD T2 ASPK + 1/779%
T 48.08 53.20 53.89 HT+ 39819  -0.009 0.014 HDFFMASTE 72 HLBC + 1/79%
3max HY + 225K -0.0006 0.0143 DEVAUX 77 SPEC + 1/79%
HT+ s e e e e s e e
Tl2max 48'08 53'99 53'12 HT+ AVG 0.0122 0.0076 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.4}
HT+ STUDENT 0.0124 0.0065 AVERAGE USING STUDENT1O0(H/1.11) —- SEE MAIN TEXT
A 0.0000 -0.0790 0.0798 (SEE IDEOGRAM BELOW )
cy 0.7895 0.7031 0.7025 WEIGHTED AUERAGE = 0.0122 = 0.0076
ERROR SCALED BY 1.4
Ce 0.0962 -0.0769 0.3204 N
Cy 0.0000 -0.2247 0.2272
0.0400 0.0400 0.0393
dv 0.0506 0.0523 0.0604
References
. + 0
See the reference sections of the K™ and KL CHISQ
. DEUAUX ?7 SPEC 0.8
Data Card Listings. HOFFMASTE 72 HLBC 2.3
See also the review of T. J. Devlin and J.O. FORD 72 ASPK —:%—
Dickey, Rev. Mod. Phys. 51, 237 (1979), whieh _0.04 0. 00 0. 04 o 08 (Eg%gg)
contains an analysis of K ~>2m and K- 3T data in QUAD. CODEFF. H FOR K+ -=-» PI+ PI+ PI-
terms of transition amplitudes with appropriate
KT+ QUADRATIC COEFF. K FOR K+ -=> Pl+ PI+ PI- 1/79%
KT+ 750K -0.0075 .0019 RD 72 ASPK + 1/79%
energy dependence. Kie 29835 _6.0108  0.0045 FOFPMASTE 72 HUBC + 1/79%
- KT+ 225K -0.0205 0.0039 DEVAUX 77 SPEC + 1/79%
KT+ e & s e e 8 s s
KT+ AVG -0.0101 0.0034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1}
KT+ STUDENT ~0.0094 0.0021 AVERAGE USING STUDENT1O0(H/1.11) —- SEE MAIN TEXT

{SEE IDEOGRAM BELOW )
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Data Card Listings Stable Particles
For notation, see key at front of Listings. K*

- HTP YQUADRATIC COEFF H FOR CHAR K —=> PI PIO PIO. SEE MINI-REVIEW ABOVE.
WEIGHTED AVERAGE = -0.0101 + 0.0034 HTP 4048  0.026  0.050 DAVISON 69 HLBC + ALSO EMUL 1/79%
ERROR SCALED BY 2.1 HTP L 198 (0.018) (0.124) PANDOULAS 70 EMUL + 1/79%
HTP 1365 -0.01 0.08 AUBERT 72 HLBC + 1/79%
HTP 5635 0.041 0.030 SHEAFF 75 HLBC + 1/779%
HTP 27K 0.009 0.040 SMITH 75 WIRE + 1/79%
HTP L 4639 (0.164) (0.121) BERTRAND 76 EMUL + 1/79%
HTP 326 0.152 0.082 BRAUN 76 HLBC + 1/79%
HTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 1/79%
HTP e o e e e e e o s
HTP AVG 0.034 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
HTP STUDENT 0.033 0.022 AVERAGE USING STUDENT1O0(H/l.11) -- SEE MAIN TEXT
+ 0
Note on K and K Form Factors
23 23
Definitions of the parameters X+, £(0), >\°,
CHISQ ]fS/f+| and |f’1‘/f+| and a general discussion of the
A N R DEVAUX 7?7 SPEC 7.2 i . . X
. _HOFFMASTE 72 HLBC 0.0 methods of analysis are given in Section VI B.2 of
44444 FOR 72 ASPK _1.8
ORD o0 the text.
(CONLEU i i
-0.03 T0.02  -0.01 0.00 0.01 20.611) This note.describes the .contents of the Data
QUAD. COEFF. K FOR K+ —--> PI+ PI+ PI- Card Listings for the two KUB parametrizations,
61— LINEAR COEFFICIENT G FOR TAU DECAYS K- —-> PI- PI- PI+ (>\+r £(0)) and (>\+, )\0) , which were discussed in
GT- FOR DEFINITION OF AY SEE NOTE IN SECTION GT+ ABOVE. N
GT- F 1347 (-C.220) (0.035} FERRO-LUZ 61 HBC - AY=0.28+-.045 10769 the text. Problems related to our data entries for
GT-ML 5778 (-0.190) (0.023) MOSCOsSO 68 HBC - AY=0.242+-.029 10/69
GT- 50919 -0.193 0.010 MAST 69 HBC =~ AY=0.244 +-.013 1/79% . . . . . .
6T- 750K -0.2186  0.0028 FORD 72 ASPK - AY=0.2770+-.0035 1s79% | individual experiments are discussed and a compari-
GT- Q 81K (-0.199) (0.008) LUCAS] 73 HBC - AY=0.252+-.011 10/72
GT- F NO RADIATIVE CORRECTIONS INCLUDED. 3 i
GT- L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78 son of results is given.
GT—~ M ALSO INCLUDES CBC EVENTS.
GT— Q@ QUADRATIC DEPENDENCE IS REQUIRED BY KL EXPTS. FOR COMPARISON WE 1779%
G