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The purpose of this paper is two-fold:

i) to present a general review on the experimental information
concerning the existence of neutral lepton currents in order
to call attention to the fact that during the last two years
the situation has drastically changed, thanks to the discovery
of the vy’ ) and to the work of Franzini ), Cabibbo®) and of tho

. 4
Lagarigue group 7.

ii) to prescnt an experimental proposal.

GENERAL REVIEW

Prior to the discovery of the neutretto, wy, the following experi-
mental limits of the branching ratios wore considercd valid evidence for
the lack of coupling of neutral leptonlc currents in sitrangeness conserving

weak interactions, i.eo.

“J%ﬂ%;s*i““" < 2.6x%1 0 (“i )
o Vi
(N> eN -7
%ﬁﬁf;jjﬁ$ g 210 . (2)
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The oxistence of the muonic guantum number implies a complete
absence of processes 1 and 2, thus forbidding any conclusion to be drawn
from the above-measured branching ratiocs concerning the existence of

neutral lepton currents.

The only availsble source of informetion is, by now, the CERN

neutrino cxperiment, where the lack of processes of the type
VAP s VAP (3)

gives a branching ratic of the order of ~ 5%5) for the neutral-to charged-

lepton current processes, l.e.

ate of (v+p = v4~p)

—~ =
rate of (v+n > ¢ +p) QoO) .

So, for strangeness congerving weal interactions the upper limit for the

rate of processes involving neutral lepton currents, has gone up from

T -
107" to Y107,

With regard to strangeness violabting weak interactions the upper
limits for the rates of process involving neubral lepton currents range

- - . . s
from %10 to 10 7, depending upon the specific processes chosen.  The

experimental situation can be summerized as follows:

+ * o e -
(see rof. 6) K+ + 7+ {noutral lepton pair) < 10~ ()

K™ » 7° + (charged lepton pair)

o e - o -
(sce ref. 7) 2.2 nbutral lepton pair < 10 3 (5)
O TRY.
o - Y o -
(see rof. 8) A° » ns (neutral lepton pair} < %10 " (6)

A% > p+ (charged lepton pair)
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As we have scen, prior to the discovery of the wp, the best
experimental lmowledge on the absence of neutrel lepton currents coupling
came from strangencss conserving weak processes (1,2) and was more than
ten thousand times better than the information which came from strangeness
violating wesk processes. Now the situation is inverted, and our best
source of information 1ls the strangeness violating weak proccsses (4,5,6);

but this source of informetion is four orders of magnitude worse.

Note that the above considerations are based on the hypothesis
that the neutrel lepton current coupling does not depend critically on
the cholce of a particular process, and that it is 28 universal as the
charged lepton current coupling. In other werds, 1f the neutral lepton
current coupling is present in one process, it has to be present in all

others with the some strength.

At this point the question might be raised: ™why do we want
to have neutral lepton currents?® It could be that only the charged
ones exist for a reason (which has to be very deep) still to be understood.
The answor is that if we believe in the validity of the (AT = %) rule,
we have to believe that neutral non-leptonic currents exist. If neutral
non-leptonic currents oxist, then the most natural formulationg) of a
(current) x {current) Universal Permi Interaction, implics the existence
of neutral lepton currents. S0, let us review the situvation concorning
the validity of the (AY = %) rule. No distinction is made here between
the (AT = %) rule "non-lepbonic" and “leptonic".  This is because in
a most natural formulation of the UFIQ) the validity of the (AT = %)

rule "aon-leptenic® implies the validity of the (AT = %) rule "leptonic",

In Table 1 we report the experimental results supporting the
alidity of the (AT = %) rule; in Table 2 we list the experimental
results contradicting the predictions of the (AT = %) rule. fThesc
tables summarize the experimental situation up to 1962. Howovaer, to
date, three cxperimental results have disappeared from the list of experi-~

ments contradicting the validity of the (AI = '4) rulc, namely:
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The Bly et al. experiment repested by the Ecole Polytechnique

4)

group ’ scems to yicld no evidence for AQ = ~A5;

The triangular relation for the anplitudes of the L decays was
2 -
shown by Pranzini ’ to be, within experimental errors, perflectly

compatible with the (AT = %) rule;
The value of the ratio

rote of K ~ 2%

N + o
rate of X' - 7 o

R =

need not be ~ (137)2 if we want to believe in the validity of

the (AT = %) rule, but it might well be ~700 (as experimentally
measured) becouse of the forbiddeness of the decay XY - 2w
dictated by the SU; invoriance propertics of the Weak Interaction

Lagrangian, as shown by Cabibbos).

It follows that the only experimental evidence left against

the validity of the (3T = %) rule are the rotes of XK' and X decays.

The conclusion of this review ls, that the old days of very

; -
low (~10 ) branching ratios for neutral lepton currents and the great

suspicion towards the validity of the (Al = %) rule, are now over.

This is why we would like to propose an experiment which is

able to bring the upper limit, for the rate of processes involving neutral

Lepton currents, down by threc orders of magnitude.
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Table 1

P R S a7

Predictions of the (AL = %) rule

which are confirmed by experimental results

e LA

Theoretical predictions of the
AT = % rule

Lxporimental results

KY » 29°

PRRRANCEINPIRER RIS S

K - oo

0.294 + 0.021
0.329 * 0.013%
0.260 = 0.024

Cretien et al.
Brown et al.

Anderson et al.

Proceedings of 1962 International

Conference on High-Energy Physics

at CERN.

o -
A2 2 PTG 660

A% - npr®

0.685 * 0,017

Anderson et al.

loe. cit.

& 0
A (nml) 4o

“a (pr )

1.40 & 0.27

8857/p/cn

Cork et al.
Phys,ROV° iég’
1000 (1960).




Tddl@ 2

Predictions of the (AL = %) rule

which are in contradiction with experimentel rosults

Theoretical predictions of the ?

(AT = %) rule Bxperimental roesults

28" = (16.5 + 1,18) « 10° s { Alexander ot al.
2R =Ri = Re | -4 Phys.Rev.Lett.

= (9431 % 2.59)° 10° 5 19, 69 (1962).
LRY L ogwh fn et [ Bl eral d 9%)

i
1s% check 2R = Ra S 1645 + 1,18 £ 9.31 & 2,49
* |
f Ry 44 9+7«5 Fly et ai., Phys.lov.
/, "R T "7-see fLett. 8, 132 (1962),
2nd check it = 1 o ,J _
Re . ;
\\\\\¢§m . G.eter? Alexander et al., Phys.
"Re T T"7-4v0 {Rev.Lett. 9, 62 (1962).
where: R = RK" » e¥n®p) E}J R Corfead 1459
. 2 w2
4 iy o ;{v
Ry =R(ES = e"1 v)
o -
RE = R(Kg - e —Tcr—l_ V) T C\ ? 'v:rJé'"’CVe\}Gwh&‘s\.. ‘.‘.\a"{ﬁ.ii\m-‘.@{ !ﬁ. ER 1(. Bk &

.5!\(”!?.-’\ Piirh Ly

- -/ i
R(KS = a7 7Y = (Aol * 0.43)+ 10° & ?QV S
R(K > H%WOWO) = (1,39 % 0.11) - 108 g
Alexander et al., Proc. of 1962 Int.Conf.
on High-Bnergy Physics at CERN, p. 450 -
R(KS =m0 7)) = 1,032

« 2R(KT > wr%n®) e 1y 201439 % 0411) A (Mehide * 0443)

Triangular relation between The cxperimental results are off by about
A+A Ay din the decay of three standard deviations
+ 7nW+:A+ !
-:' NPT ,AQ
% - no”, A Tripp et al., Phys.Rev.Lett., 9, 66 (1962)
K gty ( 1 j* A A
K+ mw 137 K¢ ~» wor 700
A more recent value is 145 *+ 1.0 £ 9.9 * 2,0 (see ref. 8)
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THE EXPERIMENTAL PROPOGAL

The processcs we would like te study nre:

e ..1 L9 _—
K,{” o ATRY

+- -+
' =7 vy .

In Pable 3 we list all deca rocosscs of the K known so far
Yy P 3

along with the relative branching ratios,

Lable 5

Kia = 17wy (6.2 t 1.3)%
o o ogy® (18.6 * 0.9)%
KJ3 -> u+w°vu ( 4.8 * 0.6)%
Koy = 070 v, (5.0 + 0.5)%
s atr ( 5.6 % 0.3)%
Tt gy g0 (1.7 + 0.2)%
Ky, = o' ve' (~0.003)%

. , - . E -
Figure "C" shows the value of the momentum of the 7 emitted in
each decay mode,  When the decay process is not o two-body process the

+ . +
value of the 7 mementum represents the end-point value of the 7 spectrunm,

It ig casy to ses that for the processes we are locking for

and

) ! .. + +
the most serious source of background is the 7 decay and the ©  decay,

respectively.
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PMrst we will study the possibility of detccting the decay

modes

K+ - w+u+u" .

10
The boam we wish to use is the high-intensity K beam (ma beam) ) where

. . + . o oo <
the intensity of K mesons is expected to be of the order

5000 K/10" protons at 1.5 GeV/e .

The technigue which we wish to usc is to allow the K to decay
in flight at not too high momentum and then identify the three charged

particles by meons of accurate range and direction measurcments.

To help one visualize the problem, we consider the specilal cases
shown in Figures 1 and 2 in which the decay plane is perpendicular to
the beam direction. The 37 decay is closen with equal sharing of the
kinetic energy botweoen. the three particles. In the w2y decay, pion i
has the same energy and the residual energy is shared cqually between the
twe muons. Ve now dlnvestigote the possibility of confusing these two
events in the laborotoiy systom, Table & shows the parameters of these

two decays in the leboratory.

Table b

7, . 168° 208 tev/c

I { :
187 Hev/c i %6 gm/cm”
i

| 60 gn/on®

e e e
§ DIRECTLON g | | |

Particle | Azimuthal i Polar E Kinetic ¢ Homentum iRange in ;
j angle L angle . energy | Copper l

— 3 e s S AL AR — ] .
m ; 420° 68° | ! |

i 1 ;

|

s i s cpenssn e s oen i v ey ¢ rmi e

These charncteristics are very different for the two particles,
but we may ask if it is possible for o pilon to decay into a muon with the

same angle and onergy as the muon from K decay.
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The smallest angle botween w2 and 2, when transformed to the
laboratory system is 16.5%. Now  for 95 MoV pilons, the maximum angle
between a muon and its parent pion is 12.5%, so we would see that the
angles of particles '2' and '3' arc incorrect by 4° cach. Further, at
this decay angle, the muen has only 60 MeV instead of 126 MeV kinetic
SNSreYy. To see the significonce of these differences, we now estimate
the experimental errors which we may expect.

Baperimental accurncy

a) Dircctions A one mm uncertainty in the spark location and

RO

25 om  scparation between spark chambers gives 0.25° uncertainty in

angie,

b) Range ond ¥nergy At 100 MeV, o calculation of the Bohr straggling

gives a standerd doviation of 2.6 gm of Copper or 4.3 eV, Tigurs 3
shows a range nmeasurciont made near 100 MeV in rather poor geometry so
that there was alresdy some restriction on the straggling nccepted. In
this case, the standerd deviation of the range determination was 1.8 gm/em

or 3 MaV.

Conelusion of feasibility

We soc that the differences bhetween the ftwo processes are large,
compared with the oxporimental crrors; in terms of standard deviations,
the difference is some 80 stondard deviations. This excellent rejection
of 7 decays in the special case, gives us confidence that the rejection
will be sufficicont (5 standard deviati@ns) in all cascs. A compuior
programme is at present being developed to check this and to caleulate the

expected rate which is estimated below.

Design of the apparatus

M.gures 4 and 5 show o preliminary design of the set-up. The
effective length of the beam from which decays are cbserved is 50 em.
Pour identical tolescopes are arranged symmetrically about the beam,
allowing a 2w azimuthal acceptance by the use of an 'any three telescopes
out of four' coincidence requirement. A double coincidence between the

first two counters of a telescope indicotes the entronce of a particle.
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It is shown later that the sum of the renges in the three telescopes which
are struck, is nearly constont over o wide renge of cnergy partition
between the three particles. This fact is used to reduce the trigger

rate from v decay, by imposing that the totol numbor of counters, which
fire in the telescopes glving the colncidence, 1s greater than some minimum
value, which is 417 in the present design. Thus tho trigger reguirement

will look likes~

Telescope | Up Down  Right Left At loast 9 other}

(Any three) and § g 2 R
Counter (1.2) (1.2) (1.2) (4.2 s counters dn tho

threo telescopes

Counter A is placed in anticoincidence to avoeid random ceincldences caused
by many piong decoying bofore the beam roeaches the investigated decey

region.

Bach telogeope consists of three thin plate spark chamboers,
separated by 25 cm, fto give angular measucements;  then there are gix
renge chombers ond o final countor 7.  Brch range chomber consilsts of a
one om thick plosvic sceintillator and a brass spork chamber with three
plates, weach threc mm thick. This thickness iz chosen to give uncortainty
in the range messurcmont from the plate thickness, which is half the

straggling stendard deviction.

Rate of events

Figure 6 shows the phasc spoce spectrum in the XK system of the
ion from K - . At cach value o he momentd ve nssume an isotropl
vlon from K - At each value of the momentum, we nssume an isotrople

distribution of the plon and seo what roenge of centre of mass angles can

be accepted in our tolescope. Ve assume 27 azimuthal acceptance for the
wion. Below about 40 MeV/e, the pions are omitted at too smell an angle
in the leboratory bo be accepted. At 90 WeV/e, Mg, 7 shows that we
hove 80% solid angle, and at 140 MeV/c it is 50%. The curve of phase
Bpace X(Solid‘ﬂnglo)/hw is shown dotted in ¥ig. & ond gives a mean

accoptance of BU% for the plon.

A pessimistic estimetc of the muon debtecetion efficiency is to
assume that it is half that of the pion (since once the pion enters cne

of the four telescopes, the wuon has o choice of only two), and then to

8857/p/cm



assume that the muons are independent of the pion and of cach other.
This gives 0.06 detection efficiency for the muon: about 30% of the
pions will interact before the end of their roange, so the overall detec-

tion efficiency will be:

0a7% 0:5x% 0,06 = 0.02
For 500 Mev/c K mesons, 415% will decay in 50 om;
Assume 2x 10" K's/burst at 2 see vepetition;

Let B o= fraction of X's docaying to (wu u) then:

Rete = &% 10% beanm K/burst  0.15 K decay y (i) y 0,02 events
R 2 sec/hurst boeam K K decay T
= 30 F/scc.

K - -
E2IHE 4

Hence for : 4 =
X =

; we expect
1l events/day.

Trigeer rate from 7 decay

It is to reduce the trigger rate from this process that we have
impesed a total renge restriction. Megure 8 shows the values of the sum
of the ranges of the three charged porticles in the ldeal case of Figs. 1
and 2. The minimum renge which we accept, 'B' at 142 HeV/gm/em® is the
mass of two range chambers below the wup line. We see at once that we
accept only those 7 decays in which both pions have decayed to muona.
Since these curves are for the ideal case, we have investigated how the
total range varics with the cnergy portition. We have taken at random,
pions between 50 and 150 MoV and muons bebween 30 and 200 MeV, keeping
the total encergy constant, and we find that the total range varics between
154 and 171 gm/en’ as indiceted on Fig. 8. This moans that we have to

. +
accept the area ovoer AC of thoe curve K » 37 = o uu.

The mean distonce from the beam to the range telescope is 80 com,
the mean decay length of the pions is 10 m and 10% of the cascs where
double decay occurs are accopbed by our range seleetlon; so the range
solection gives sn officiency of 6.4x 107" for 7 decay. T eventy in

which all the pilons decoy give o small contribution to this rate.
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Assuming that the solid angle for v decoy is the same as for

7y we £ind e trigger rate from v decay. of 3.6 triggers/hour.

PINAL REMARKS

, . o - . N

1) The process we want to look for ¥ - w1 p has an intrinsic
limitation which is dictated by the rete of ocourrence of the same process
via the production of the lepton pair through internal conversion of a

virtual vy ray. This 1s 1llustretoed in the fellowing diagram.

According to Jackson11) the order of magnitude for this rate, compared to
the ¥,; - decoy rate is w?O"B, thus glving us a factor one hundred with
respect to the limit we wish to establish for the neutral current channcl.
No%ice however that if p-pairs would be detected, we could establish if
their origin is "slectromagnetic" or ™weak™ via the study of their long-
itudinal polarization, which has to be zoro for the "electromagnetic"

production.

2) We arce studying the possibility of detocting the decay
+ -
K> 7t un

which has no contribution from "internal conversion' of virtual gomme's

and is therefore purcly weak.
3) Two posgible by-products of our experiment are:

i) the momentum distribution of the "unlike" pion in the X decay.
(Sec appondix for details).  This momentum distribution is
relatod to the o interacticon idn the J= T= 0 state. Notice
thot we can do this with X and X7 because our axperiment is

Tin flight®,

ii)  the polarization of the i in Kjs decay; +this polarization is a
vory good probe for the structure of the strangeness violating

weak intoractions.
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ATPENDLE
NOTE_ON THE INVESTIGATTION OF wp  TNTERACTION TN 7 DECAY
A)  Accuracy M* = B~ P
Mp s II112 4 m§+ 2E1 Eg - 21‘"’1 Pa cos Op )
e V.
\ 2 CARZe (ByP ©d8)?
AM = it TS e DI 4 =i g 1S - 14 & “ R
80 aM = I/M < (Bj- 2rj o oS Oij) BB (PyP2 sin )
i

] i
AL

Try seme numbers: say T4 = 50 MeV Te = 150 HeV
Py = 129 MeV P, = 255 MeV
By = 269 MeV B = 295 JeV
o= 140 MeV me = 140 MeV
AR = L MeV cos © = 0.75

Substituting: @ = I/M{4Z x 7007 « 42 x 457 + 842 ) = L2800 MeV® /M.

The value of M will be at least my +me = 280 MeV

Hence our resolution will be 10 MeV,

B) Rate If we pul upper and lower limits on the total ronge discrimina~
tion, we can avoid triggering when the pions deczy in flight. Thia

reduces the efficiency to 77%.

Now we must identify the 7 by pulse height measurement ot the
ond of the range. Only 12% of the pions stop in scintillators so the
plon dotection efficicncy of the telescope is 9%, Hence the total rate
of good cvents is O.4/burst at a beam intensity of 2x 10* K's/burst. I
we do not use pulse height measurement in the counters, the trigger rate
is %/burst.
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