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ABSTRACT

We show that in quasi two-body reactions
142 = 3+4 it is possible to split the experimental
crogs-sections in parts with only natural or unna-
tural parity exchange, and this for each helicity
state of the particleso. When one of the initial
particle is spinless; the result is readily obtained
by lookingat very simple linear combinations of the
usual measured density matrix elements. When none
of the initial particles are spinless one has to
perform a single well-defined polarization experi-
ment. We also show that it is experimentally pos-
sible to distinguish a Regge pole model with evasive
and/or conspiring trajectories, from other possibi-
lities.
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INTRODUCT ION

At the present time 1t seems highly desirable to have some
more information about the actual exchange sets of quantum numbers which
govern high energy two-body processes. It is clear that important
progresses have been performed in the understanding (or in the lack of

understanding) of these reactions for which the number of possible

.exchanged states is limited to one or two. On the other hand, reactions
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which involve a large number of possible states do not provide a clear

cut among various theoretical proposals.

Our purpose 1s to siiow that it is possible to extract from the
experimental data information about the exact quantum numbers involved
in the exchange mechanism. We shall show that it is possible to split
the differential cross-sections in a part which contains only natural
parity exchange and another one which contains only unnatural parity
exchange, and this for each helicity state of emerging particles.
Therefore, processes which are complicated because they involve final
particles with high spins and/or because several sets of quantum
numbers may be exchanged can be reduced to processes as simple as for

instance . nucleon charge exchange.

It is already known for a long time that theidensity matrix
elements are good analyzers of the production mechanism, and, for
instance that G 1§n vector meson production measures the unnaturg%
parity contribution . More recently Kaidalov, Ringland and Thews
have derived quadratic relations among density matrix elements which
have to be satisfied when only one Regge pole can be exchanged. It has
also been shown by Confbgouris, Lubatti and Tran Thanh Van 3), and by
Hogaasen and Lubatti 4 that it is possible to isolate the exchange of

states with given isospin, G parity and charge conjugation.



In Section 2 we show that very simple linear combinations of
density matrix elements allow to extract each parity contributions.
The result may be read off from the diagonal and antidiagonal density
matrix elements when one of the incident particles is spinless. When
both particles in the initial state arec not spinless the splitting into

each parity involves one single experiment with o pelarized incident

' particle. Further results involving joint density matrix elements are

derived in Section 3. In Section 4 we discuss the implications of
evasion and conspiracy, and show how to distinguish between a pure

Regge pole model and other high energy models. PFinally, in Section 5

we analyze a number of experimental results and present some theoretical

predictions in the case of photoproduction.

CROSS-SECTIONS WITH DOMINANT PARITY

We consider a quasi two-body reaction 1+42—=3+4, and call
A1, A\29 )\3 and A4_ the helicities of each particle. We
recall that it is possible, both in the + channel and in the s
channel; to define helicity amplitudes correSpohdihg to the exchange
in the crossed t channel of states with given dominant parity 5)

(a1l through this paper the + index will always refer to natural

parity and the - index to umnatural parity):
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The density matrix elements of the final stétes:are*Simply
expressed in terms of s "channel'héliCity"ampIitudéég when helicity
is measured in the hellClty frame, and in terms of t chamnel helicity
amplitudes when hellclty 1s measured in the Jackson system 1). In the
following we shall express our formulae in terms of s channel helicity
amplitudes, but the translation of these formulae in terﬁé of
channel helicity amplitudes and density matrix eléments measured in the
Jackson system is straightforward. We shall assume everywhere that
particles 1 -and 3 on the one hand, 2 and 4 on the other, arc of
the same type (i.e., bosons or fermions), so that we shall be interested

in boson exchange processes.

1) Particle ' 1 - has spin zero

In order to illustrate our method we first consider the most
interesting case in which particle 1 has spin zero, and we define

‘the following quantities

S o 2
& )
g,...../.\;?’ = Az 3 ’ M/\g Ny O/\Z
dt b -
: 1
Gy = 4% /de
at atc

2L. (GTAB + CfAB ) = A
My

The Quantity ot 3 gives the relative contrlbutlon to the
leferentlal cross—-section of the exchange of states with natural
or unnatural parity when particle 3 has the helicity étate 30
It is very easy to express these quantities in terms of the fami-

liar density matrix elements 1) for particle 3
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One obtains

o
2Ghy = g €€y,

It 7\3=O, then

+ ~ < h = +41
o= G G0 =0 FE

Go =0 To = foo 1F E=-1

I

As a special case we obtain a theorem due to Gottfried and
Jackson ') which states that in reactions 0 45 —1 437 (£ = -1)
the density matrix element e 00 gives the contribution of unnatu-
ral parity exchange when the vector meson is in helicity state O.
But one sees that it is possible to go further and to isolate also
the natural and unnatural parity contributions when :-the helicity of
the vector meson is equal to 1, by looking at the following com~

binations: i

t
26\:‘]_ =€441£€4_1

We shgll later on analyze some present experimental results

with this formula.

General case

We now consider the general case in which particle 1 has

spin s1_,and helicity | A1| and we define the two following
states

ot > = TAD> + 1=xq4>
| B>

I

A4S = | =2A4>
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If the spiin'of particle 1 is ’A 5, ther} x> (resp. |]3>)
corresponds 1o a particle with polarization +7]oj (resp. —:Jé-) along
the x axis (i.e., in the scattering plane). If particle 1 has
spin 1 and helicity 1 (for instance a photon) then | of >
corresponds to a particle with polarizatioh perpendicular to the
scattering plane (along y) and | B> to a particle with polari-
zation parallel to the scattering plane (along x).

As in the preceding case, we define now the following cross-

sections with defined dominant parity

i N
c —
L)‘S/‘M: Lé'-ilr)\g)kh)1/\gl+‘mzl5)~z, /\4/\2.‘}
dt 8¢
t .
q — A G Azydq 750
Ay A1 AE at
+ ~
“%945&0)+27' (©hga+ Sagng) = L
,’,‘s | aslEe

o
We also deflne density matrlx elements” €>\35 )\3 related to
particle 3 When particle 1 is in the state l &> or I]%)

«q . *
G —
E Oy = 4 Z,:L, (Maspgaeret Misie-anda)(Mappadidg Mg 2,02
o GEA A Z (Mlb/\q/\%’\l 'J]/\}/\l,_-)' /\z)(M) AA’\lAL M)S/‘é"\ ’\i)
4

b‘
The F’ are related to the unpolarized density matrix

/D

elements by
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If particle 3 is a boson, then all the (7'8 are real (for

l%j3'= l}\%l), and if particle 3 is a fermiom is real,
3~ 3 “is purely imaginary and 3
6?‘"/\5 = Chs-nz

such that, of course, in any case 6 6 )\ - 6% A is always
37 -3

real.

We then obtain the following relation

T R & %|
2 6.)3)4: ( 6))\3)5 € (/\5-/\5) ((j/\aﬂg +c 61\3 /\3)

a) Photoproduction experiments

For all photoproduction cxperiments it is possible to split
the cross-section into the natural and unnatural parity contri-
butions, with polarized 2(' rays. In particular, for pion or

K meson photoproduction (,A3==O), one obtains

(FOO"foo; o+€ov)

o + L
= (oo
1 = foo

6)

which states that only natural (resp. unnatural) parity exchange

This result is nothing else than a theorem due to Stichel

contributes to the polarized cross-section, when the photon
polarization is perpendicular (resp. parallel) to the scattering

plane.



b) Baryon resonance productions

In reactions producing two unstable particles, such as
RIN—»f’Zl the splitting of the cross-section into its natural
and unnatural parts may be achieved by looking at the
density matrix elements. But if one is interested in a split-
ting of the cross-section for fixed values of the A helicity,
or in reactions such as Jt N— 5/, then one has to perform

an experiment with a polarized target.

3. CORRELATION BETWEEN POLARIZATIONS OF PARTICLE 3 _AND 4

In order to extract interesting information from the spin cor-
relations between particle 3 and 4 (we assume in this Section that
particle 4 is a fermion and particle 3 a boson), one has to measure
density matrix elements which are not accessible in parity conserving

decays.

We define the following joint density matrix elements

(’A5"3 = May Ay Mo
M No TSGR T A A Ay

If particle 1 1is spinless, one can isolate the contribution
of natural and unnatural parity exchange by defining the following
density matrix for particle 4 when particle 3 is in the helicity

state A o’k

(i)A3 /\3/'3 Ay ~A
C; = 6) , +e( ’ /}
Aw Ay Ay Ay Ay Ny
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Now, when only one single state contributes to the natural
parity exchange (resp. unnatural exchange), since all amplitudes with

this parity have the same phase, then:

(#) A% . () Ay \
| =0 {wsp. =0 )
/\L| _/\,4 RPAYA ‘/\(‘ '

In particular, if particle 4 is a spin % hyperoun whose
polarizations can be easily measured

+) A (=) A2

o ¢ Y

— Lnl. =
Yo =Yz =0 ( P yy, =V

which implies a zero polarization for the hyperon.

Therefore, if the measured polarizations are non-zero, this
would imply that at least two states with different phases contribute

to each parity.

Let us consider as an example the reaction JT N-K¥Y. There
is only one possible candidate of unnatural parity, the K meson.
Then, in a pure exchange model one would expect f)é:%)\3==o for
,K3==O,1. Other cases of interest would be Y¥ ‘production with obser-

vation of the polarization of its decay product.

4. EBVASION AND CONSPIRACY

1) Behaviour near the forward direction
Up to now the implication of an evasive or conspiracy mechanism
has been studied only through the observation of peaks or dips in
the differential cross-section. The splitting of this cross-section
in parts of definite parity for each helicity state of the outgoing
particles allows a more accurate investigation of the different

dynamical mechanism.
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~The first observation is that, due to angular momentum conser-
vation, one knows the actual behaviour of each.density matrix

element near the forward direction, i.e.:

Ay — Al
€0 x. v SwmBs ‘
A3 Ay E>

( €JA3 A1 vanishes even more rapidly when A 3>'S1+s2+s4).
3
This implies, when particle 1 1is spinless
+ - I
Thy (Bs=0) = Gy, (Be=0) (X3 #o)

A priori there is no reason for such an equality between these

two cross-sections, and it is clear that in order to satisfy it one

is forced either to invoke an evasive mechanisn, in which case both

: , +
cross~-sections CrfA vanish near the forward direction like
o
t2' 3 5), or a conspiracy mechanism which precisely relates the
two cross-sections.

7) that

In the general conspiracy scheme it has been proved
factorization implies that only these amplitudes for which
| X 5 )\11 = | Ay- >\2l =M, whgre M is the Lorentz pole quantum
number introduced by Toller s survive near the forward direction.

From this we deduce

€,\5)\3:O C{. )\_g#‘M

For instance; a reggeized pion with M=1 would give (7OO=

=@,,=0 in £° production.
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In the case when the spin of particle 1 is not zero, the
~results are slightly more complicated, since 69“' . or

eEB Xz vanish like |
cinpe | 3=z ] =214 |
'3: .

In particular it may happen, even with evasion, that the cross-
+ section with definite parity does not vanish since ] é- 3’ may be

equal to 2| A1].

2) Phases of the amplitudes
The observation of forward peaks in differential cross-sections
for some processes have been considered as evidence for the cons-
.piratorial mechanism. It is clear that as long as only differential
cross-sections are considered, it is always possible to obtain
these forward peaks by adding a conspiring pole,. say R*f to the

2’

previous Regge pole R;. However, the phase -of thé R: contribution

is not changed by this modification. If R; is the only possible
pole which can be exchanged with this parity, then, as shown in

Section 2

) As

fy =0

S ke - A

If one chooses another mechanism (¢ channel contributions,
fixed poles,; cuts or absorptive corrections,.;.), then, one
adds to the R,

1

pole another contribution which may have a dif-
ferent phase, and therefore - 6(—) if is no longer zero.
AE= Ay .
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For instancé; in the process JT N—K*A, the K meson tra-
‘ jectory is the only trajectory with unnaturai parity which may be

exchanged. Even with a éonspirator for the ”K' trajectory

(-) A3

E =0

Yo =Y

One has then a way to test different dynamical assumptions,
which are difficult to distinguish when only cross-section data

are available.

V. ANALYSIS OF SOME EXPERIMENTAL RESULTS
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Up to now all density matrix elements have been measured in the
1)

Jackson system . We shall therefore use this system of reference in

this Section.

In all reactions with produetidn'of a bosonic resonance the
cross-sections G‘fk are readily thainéd from‘thé decay of the
resonance. The deéay angular‘distribution of the vector meson is

given in terms of f by

W (a9, g )= 25 foo 0 4 (G sinp 4 6 w8 ¢) sin D - V2 Re g <ine® p |
411

W‘(@Q) : %{{ Poo (4‘3539 + (G‘,++ 6‘") 5:"28}

A P T 1o



68/423/5

12.

In that case one has Gvﬁ:z (’11f 61_1; therefore, the sign of
f 1.1 gives the relative importance of & : with respect to T ;.
We have computed (T'f from some published values for fyoo and
€‘1_1. We think that the experimental uncertainties on G‘?
would be less important if they are computed directly from the

experimental data, than through the use of Foo and {71_1.

Before going to some particular cases, we would like to make
the following general remark: there is a very strong evidence from
all reactions that 6’00 never reaches effectively its upper limit
1 in the forward direction, which means that f’11 is never exact-
ly zero in the forward direction. As shown in the preceding Section
this means that either all data have to be corrected for background

or that none of high energy scattering processes can be described

~with only evasive Regge poles.

a) Reaction JU'po POATT

This reaction has been of great interest in the past
months, because the last results of the Aacheﬂ-Berlin—CERN col-
laboration 9) are considered as the best evidence against cons-
piracy. But at the same time, the fact that €)oo is non-zero
in the forward direction (¢ __=0.87%0.05) may be considered
as an indication against pure occurrence of only evasive Regge

poles.

The Regge poles which might be exchahgéd:in this reac-
tion are J{ and A1 vwith unnatural parity and A2 with
natural parity. We show on Fig. 1 some values of c?‘: and
G’;. It is‘d}fficglt'within the present;uncertainties to derive
definite results, but one could at least remark the tendency
for G~ : to dominate over ;, except in the forward direc-~
tion, when energy increases. An opposite result would be rather

puzzling.
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b) Reaction JU tpwOAtt

This reaction has been already considered by Hogaasen
and Lubatti 4), and 1t is known that in order to explain this
reaction one is forced to consider at least the contribution of

two Regge poles of opposite parity the 6 and the B.

We have plotted on Fig. 2 0“-1": derived from the experi-
mental data at 5 GeV/c 10). From this Figure one deduces first
that the B contribution, when the helicity is 1,.
is not negligible, and secondly that C+ exhibits a dip around
t =-0.6, which is compatible with the vanishing of the €
trajectory. It is worth while to notice that this dip does not

appear on the differential cross-section.

¢) Reaction KN- K*N

We present on Table 1 and 2 some different values for

- *-
’ O‘f computed from ex)erimental data fcr K p—K p and

K_p—->‘K*°n 11)912)° 13)

The corresponding values for K+p—.>K*+p
are essentially the same as for X*~ production. It is apparent
from the numbers in the Tables that the unnatural parity
exchange contributions when the K¥ bhelicity is 1. are always
compatible with zero within the experimental errors. Up to
our knowledge this result is in fact new, because it has been
obtaincd by Jackson and Pilkuhn 14) within the special model of
elementary pion and vector meson exchange only. But we can say
even more about the dominant exchanges. P contribution should
be small (in fact if the P 1is a SU3 singlet then it is not
coupled to KK*), because the cross-sections are rapidly

~ varying functions ‘of the energy, with an effective «& (0)
dependence of the order of 0.5 (compatible with P} @ , W
or- A2 dominance). The 6 contribution is presumably smaiil
because there is no evidence for a dip near :t=-0,6 in 1

14>J and therefore K¥O

production should be dominated by J{ and A2 exchange.

for K*° production [see also Ref.
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These pion and A2 contributions, due to charge independence,
are four times larger in X*O production than in K** produc-
tion, though the cross-sections for these different processes
are roughly of the sams order of magnitude. We then conclude
that K** production is dominated by P' or w exchange.
The fact that no dip is observed in § T(K*i) suggests either
a rather flat trajectory for the w or a P' dominance in
charged X* production 15). The K+p—»K*O[§++ reaction at
3.5 and 5 GeV/c 16) is strongly dominated by pion exchange with
K¥ din helicity state zero. When K¥* in this reaction has
helicity state 1, Dboth natural and unnatural parity exchange
contributions have about the same order of magnitude ( e

is very small). This suggests that the A, coupling to NA

2
is much smaller than to NH.

Photoproduction experiments

We have shown in Section 2 that when the initial particle is
a photon, the interesting experiments are those with initial pola-
rized photons perpendicular or parallel to the scattering plane.
Up to now there are no high energy experiments with polarized
photon, but we understand that some experiments of that kind are
preSently planned 17)0 We present therefore some theoretical pre-
dicfions for these polarized cross-sections, and hope that experi-
ment will be able to distinguish among the various theoretical

suggestions proposed in order to explain the same features of the

differential cross-section.

' We first begin with fLO photoproduction. For this reaction
we have proposed 18 a Regge pole fit with only «) and B ex-
change, which gives a quite good agreement with experimental data.
The cross-section with polarized 5’ rays perpendicular (fesp.
parallel) to the scattering plane will isolate the U (resp. the

B) contribution.
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Typical cross-sections at 5 GeV/c are shown on Fig. 3 with its
dip structure at nonsense points. As an application of Section 3
the polarization of the recoil neutron is predicted to be zero.
In terms of the s channel helicity amplitudés the polarization is
given by

—_ . - - K -
P(e) de _ é‘: Lim (ﬁfg* 7'": + '{'i—l 7Ln )

et ~—

atC

where
= ,
fu=tpomna t v o vy -

t

Fim

It is clear that the polarization is zero when only one Regge

= (;'/z.o\/’z." x 1('/Z_ o Y —I

pole is exchanged in each parity state. (In fact the polarization
is not exactly zero because the £* amplitudes are only dominant
parity emplitudes, but we have checked that at 5 GeV/c the polari-

zation is everywhere less than 5%).

For jz'+ photoproduction, experiments with polarized K‘ rays
are not of much help to distinguish among various theoretical pre-
dictions. We show on Fig. 4 the cross-sections d O‘lydt and
do—"'/dt° Up to the energy dependence, which can be checked on the
non-polarized differential cross-section, the fixed pole approach 19)
and the conspiracy mechanism 20) give essentially the same structure
to the polarized cross-sections, with a vanishing of dG"ﬂ/dt for
{TEZ,0.175 GeV/c. On the other hand the recoil proton polariza-
tion is zero in the conspiratorial case 20), for reasons explained
above, though it reaches 20% for |[-t ~ 0.200 GeV/c in the fixed

pole model 19).

68/423/5



68/423/5

16.

CONCLUS TON

We have thus shown that it is always possible to split the
cross-section in parts with-only natural (resp. unnatural) parity
exchange for each helicity states of the particles occuring in a quasi
two-body reaction. When the process is induced by a pion or a K meson,
the splitting is completely achieved by measuring the dehsity matrix
elements and of the outgoing bosonic resonance.
When none ifktgex gnitial (pa:}t:%;{\e is spinle»ss we have shown which of
the possible polarization experiments was of main interest to determine
the parity of exchange states. We have also shown thaf these mea-
surements were able to give information about the detailed dynamical
mechanisms (evasive, conspiring Regge poles,; absorption, etc.) which

cannot be obtained otherwise.

In this paper we have been interested only in the parity of

the exchanged states. But it has been shown 3)4)

that information
about the G parity or the charge conjugation of these states.may be
obtained by looking at linear combinations of cross-sections when a
resonance with different charge states is produced (such as the e
for instance). By performing these different combinations on the
density matrix elements, one.will be able in some cases to determine

exactly the whole set of exchanged gquantum numbers.

We hope that these considerations will stimulate experiments
with polarigation measurements, which are at the present time of first
interest for the understanding of high energy scattering. It is clear
that large improvements, with regard to density matrix elements
published up to now, have to be done, and that both their +t and
energy dependence have to be studied. The problem of the background
remains which may alterate all possible conclusions. It is very
likely that some theoretical progresses (such as multi-Regge formalism)
will allow a better understanding of what is called the background,
in order to make sure that one is effectively considering a quasi

two-body reaction.
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- _
~0.05 ~0.15 ~0.30 -0.70
energy
o7 {06 £0.14 | 0.7 +0.1 | 0479 + 0,08 |0.72 & 0411
441 G'eV/C 11) _
6’1 0.0 .i' 0014 0904 _,,+,. O 1 Oa07 _’_‘l_" 0008 0006 _'_i' 0011
1) o F [ 0.61 £ 0.1 | 0.87 £ 0.08 | 0.77 £ 0.07 |0.82 + 0.71
5.5 GeV/c
CT; 0.11 + 0.1 0.71 + 0,08 | 0.10 + 0.07 | 0.08 + 0.11
G5 | 0-70 £0.09 | 0.95 £ 0.1 | 0.66 + 0.12 | 0.80 & 0.71
10  GeV/c 12) -
G | 0.02 £0.09 | 0,01+ 0.1 | 0.20+0.72 |0.08 + 0.11
- Table I -
Computation of CT'f for reaction K p- pK* (890)
b
\ "'0005 _0015 -0030 —0070
energy
g T | 0419 £ 0411 | 0.21 £0.15 | 0.40 £ 0.16 | 0.50 + 0.14
4.1 GeV/c 1) -
G ¥ | 01T £0.11 ] 0.35 £ 0,14 | 0.52 % 0.16 | 0.58 + 0.14
5.5 GeV/c 1) ~
07| 0.07+0.11| 0.15 £ 0414 | 0.04 x 0,16 | 0.16 + 0.4
o 0.35 + 0.10 0.44 + 0.18
10  GeV/c 12) —
o 0.03 + 0.10 0.08 + 0.18
-~ Table II -
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Computation of CF'? for reaction K p—K*° (890) n
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FICURE _CAPTIONS

for reaction N Tp- ¢OA*Y
22)

t
Experimental plot of O

21) !

at 4 GeV/c , 5 GeV/c 10)9 and & GeV/c The

curves are free hand fits to the data.

t
Experimental plot of Cr’1 for reaction ] +p—e Ulﬁf+
at 5 GeV/c 10),
data.

The curves are free hand fit to the

Polarized differential cross-sections for ¥ p-— Rop
at 5 GeV/c, when the polarization of the photon is

parallel or perpendicular to the scattering plane.

The curves are theoretical predictions from Ref. 18),

. - . . +
Polarized differential cross-sections for yp—-J/Cn

at 5 GeV/c. Curves 1 and 2 are respectively predic-

19)

tions from the theoretical calculations of Refs.

and 20),
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