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ABSTRACT

Differential cross-sections in the forward direction
for IT4} i °

Regge trajectories exchange in the t channel. Kinematical

and K+ photoproduction are evaluated with

singularities, constraints among helicity amplitudes, cons-
piracy, evasion, have been studied very carefully. A very
good fit is obtained for ﬂ'p—ejzop, assuming (& and B
exchange, and with only three parameters, for 255EK-€ 5 GeV
and transfer momentum +t up to -3(GeV/c)2a Good agreement
is also observed for K’p—e-ﬂ+n with 3y and B exchange,
and for Y p—vf\°K+ and p-»E:OK+ with X and K* exX~-
change. Present experimental data seem to exhibit viola-

tions of the SU3 symmetry.
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1. INTRODUCTION

In elementary particle physics involving energies less than
1 GeV, the study of pion photoproduction has always been a compiementary
tool to elastic T -~ nucleon scattering understanding. The complica-
tions introduced by the spin 1 of the photon was a matter of algebra
rather than a matter of dynamics. This is not the case in the high
energy domain. Because photoproduction involves three kinds of diffe-
rent masses; and because the spin of particles is high enough, one
encounters both the problem of daughter trajectories and of conspiracy
relations. That is why this process and the associated one of vector
meson production are really very interesting at the present time. The
possibility that the scattering amplitude for photoproduction might be

reggeized has been been cast in doubt by Diu and Le Bellac 1).

We have therefore tried to confront the usual Regge polebpheno-
menology with the present experimental information on K P—Dp ﬁPg
Xpﬁjfhy ¥pr—->NAK and Kp~ZK at high energies.

We have assumed that the daughter mechanism works, in order to
recover the usual 5% dependence of the scattering amplitudes, and
paid much attention to the conspiracy relation and t+ dependence of
helicity amplitudes in the forward direction. Our results seem to

indicate that helicity amplitudes seem to choose evasion.

In all cases we found that a reasonable fit might be achieved
taking into account the exchange of only two trajectories, B(1+) and
W for K p—»ilop, B and J{ for 5’p—>5l+ng 'K and X* for
¥P-AK eand Yp-ZK.
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The plan of our paper is the following: in Section 2 we give
the general structure of the helicity amplitudes and cross-section;
‘then, the possible intermediate states in the +t channel are examined
in Section 3 and their contributions to each helicity amplitude discussed
in Séction 4. Section 5 deals with the reggeization of helicity ampli-
'tudes and the fit for pion photoproduction is discussed in Section 6.
Pinally, Section 7 is devoted to the K meson photoproduction. Impli-
cations of SU3 invariance are also examined as well as connections

with usual perturbation theory.

2. SCATTERING AMPLITUDES_AND CROSS-SECTION

Usihg standard techniques the usual invafiént functions Ai
given by Ball 2) may be projected on the helicity amplitudes in the %
‘channel.b.One obtains '

£ *;+~—M—E(/ﬂfﬂ~3w‘p‘4).‘ |
Whlo © (- 2

18

| .::Fg:;uo or = RR (At hy)

+

- + ORI |
4y,\-y¢:o= 4= >%'(2W‘A1~ thA,)

‘F‘/z:/z'lo={‘t-| =[x kt\/z Ry

where ‘ N
_ T ) VY DR D By Y
F = ZCOSGt/-Z] LSIVle] f)\lzl
AQ ,
‘g‘/\,««= 7('};4 t 7(->~]vt
and kt’ Pys Gt are respectively the boson momentum, nucleon momen-

tum and scattering angle in the c.m. system of t channel.
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The isospin expansion is defined by

. + 17 T R:— ' f}?
AL: AL BE ftho(/l’B Lot bx AL (2)

The Ai are free of kinematical singularities and we recall that AE
has a pole for +t= )sz due to gauge invariance. The kinematical
singularities of the helicity amplitudes are readily obtained from (1)

as well as the well-known conspiracy relation

v [t TS+ fF ]=00e) )

t>0

In terms of the f the cross-section is then given by

—
—

dg_ A {( ' ;0T+7zojlz+f-{:ot'foj I)S"V’Z@tﬂ’l*‘“@t){ X

At mSRg B
Xf{“,t'-{—é,f]%+(4+uosﬁt)7“H‘u+fﬂ } (4)

where kS is the initial c.m. momentum in the s channel.
2 2
(/058‘:: (,25+t~2-lm— ,)/Z‘l‘Pth

sinbe = L (wb(%t)lvz/ZPt Re VE

3. POSSIBLE INTERMEDIATE STATES IN THE +t CHANNEL

We first consider the two following sets of reactions
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1) ].x.n+_;> PI;

Xn°— ?ﬁ -
IN°— hn g

<

3)

state X which might be exchanged in the t channel must have

As shown by Childers and Holladay , the possible intermediate

gquantum numbers such that
a. By, I, P, Gy, C, S and Q are conserved at the XNN  vertex
b. By, P, C, S and Q are conserved at the }Y JUX vertex

c. the eigenvalue of the charge conjugation operator C is a good

quantum number only for neutral states.

The only known states with B=S=0 and even parity, are the
Ay A ‘
A. and the two vacuum trajectories are forbidden in 2) by C

2
conservation, and the two vacuum trajectories are also forbidden

* ;
and B ) resonances and the two vacuum trajectories. A1,

in 1) by charge conservation. The known particles with B=S=0
and odd parity are @ , W , f, TT and T] - The M exchange is
forbidden in 1) and 2) for the same reasons as the vacuum trajec-
tory was, W and @ are forbidden in 1) by isospin and charge

conservation and JT is forbidden in 2) by C invariance.

The only possible states which remain are then in each case the
following: ‘ ‘

We .assume that the B meson is a 1+ resonance with G=+1

and C=-1 and a mass of 1210 MeV.,
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B,wW , #, ¢ for ¥ W n’n

+ -
B9€ g JU A1, A2 for ¥p— /1 n and Y n- JU p.

4. CONTRIBUTIONS TO HELICITY AMPLITUDES

We now determine to which helicity amplitudes each state contri-

butes.

1) Reactions ¥ N- n¥m

In terms of the parity eigenstates

[IM xA'>, = 1T M ANDEIIM =A=X D>

where A and X' refer to the nucleon helicity, one obtains

ClIMAr>4 = (—4)I+11»IM AXD+

Gl TMaNsy = £ 07 TMa > (N

because pn oOr np are pure isovectors.

a. e contribution. The parity and signature of the ¢ trajec-

tory are odd, and it couples Snly to statgs lJM )‘A">+. So,

its contribution arises in fi11 and f1 1,
5510 5-510

b JU contribution. The JT trajectory has even signature and

odd parity. States with different nucleon helicity being
forbidden by G parity, the J{ will contribute only to

Tiz10°

¢c. B contribution. For the B trajectory; states with different

nucleon helicity are also forbidden. Because it has odd signa-

ture and even parity it will contribute to only.

f%%—m
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de A contribution., The A, meson has even signature and even

=D 2

parity. Both helicity states are allowed for the nucleons.
R s =Y -J+

One gets a centribution to f%%10 and f%—%10'

€. A1 contribution, A1 haslodd signature andveven parity. Only

states with opposite nucleon helicities are allowed by G.

~J -
Then it contributes to f21 1...
2—'2‘10

Reactions ¥ N- J°N

The G parity is always conserved bécause_the photon may have
both isoscalar and isovector character. However, C has to be

conserved at both vertices, and one obtains

ClIMAND = 2 GO ITMAR Sy (hw X

CITMAS, = 0T 1 IMAAS Y

a. Vector meson contributions. The ¢ , (J and @ have odd
“signature and odd parity. Both helicity states of the nucleons
=J
are allowed so that they contribute to fii _+_ o
2210 2-210

b. B contribution. States with different nucleon helicity are
=d -

f_%_%_,loo

this time Fforbidden by C, and. B contributes to

5. REGGEIZATION OF HELICITY AMPLITUDES

67/922/5

1)

Daughter trajectories

Because in our problem we have three kinds of different masses,
coth is no longer growing like s in the forward direction.
We assume that this s dependence is recovered by a daughter

trajectory mechanism 4).



-
Then, using the standard method developed by Wang 5) and keeping

only the first poles of the Gamma functions in the asymptotic ex-

pansion of Legendre polynomials, we obtain the following contributions

of a single Regge pole to helicity amplitudes

- + ~ ) >
¥l'/2,‘/2,10 = - _‘%Vf (C’la—émuu)bd
(o = ke (arttaz)is
[t (5)
-HL-'/& o = %t (LW g —t%)?a(
‘Pya“yzlo = "P{; ht ‘/E Qy gg(
with ,
- L1 (-1
Zy= o (441) 1EE <..2) Mo
Sin So
where

Mx 1s («+2) ©7 (o(42) (oA +3)
and, as usual, we take so==1 GeVz.

2) Constraints for t=0

In the preceding expressions a1, a2, a3 and a4 are assu-
med $0 be regular functions, without kinematical singularities.
They are in fact related to the invariant functions for which the
Mandelstam representation is usually assumed to hold and, there-
fore, may have some poles due 10 gauge invariance, from which we
shall only retain the pion pole in Aé. As we have already men-
tioned, for t going to zero, the helicity amplitudes are no

longer independent and are related through the constraint equation,

(3).
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Three mechanisms have been proposed to satisfy this kind of
relations 1): conspiracy, evasion, daughter trajectories interfe-

rences. Prom (5) it appears that any Regge pole will lead to heli-
el =1

city amplitudes of order s =, and that, therefore, any daughter
trajectory will give a contribution of order s°<—2 or less. If
the main trajectory contributes to f51 or to fT1 with terms of

order SC‘—1, then, it is clear that the daughter contributions will
never satisfy (3). They will be of some help only when the main
trajectory gives a s 7' contribution to f;1, to cancel the

so(_2 contribution to f;1a (This situation is met only with A1

SO<-2

exchange.) 1In fact, we shall always neglect the terms

arising from a main trajectory.

Therefore, we conclucde that the daughter mechanism (alternative
3 of Ref. 1))-is of very little interest in photoproduction to make
the constraint eguaiion at t =0 satisfied, and, at least, that
there are very few chances that it might be checked by experiment.
In the following we ghall examine for each particular case which of
the two mechsnisms, conspiracy, or evasion, may be considered. We
shall see %that it is very unlikely that known particles are conspi-
rators, and that perturbation theory always supports the evasion

mechanism.

COMPARISON WITH EXPERILIENT .

¥ v~ 1 °p.

We begin first by the easiest case, namely, the reaction

1) Neutral pion photoproduction

As we have already mentioned, oniy B eand vector mesons could
contribute to this process. Now it is well known from low energy
photoproduction analysis, from vector meson photoproduction, frocm
SU; and from many other analyses, that the Y@ and Y¥UP
couplings are strongly depressed with regard to the YJTw coupling.



We shall then disregard the 6 and @ contributions and assume
that only ww and B contribute to this reaction. Of course,
our UJ contribution may be considered as an effective vector

meson contribution.

Now, in terms of the usual isospin expansion (2) of the scat-
tering amplitude, one sees that B contributes only to To and
W only to t, Then, any conspiracy between these two trajecto-

ries is impossible in ¥ p— ﬂ?n.
We then take the perturbation theory as a guide to see if W

chooses evasion or not. Elementary ) exchange leads to the fol-

lowing contribution

TLL-':.: [C"l Mz,.-—- Cz’(t MA‘ P'”i{)] kﬁﬂbgi
't - MUJ

where 01 and 02 are the usual w -NN coupling constants.

In this calculation the contribution to helicity amplitudes is

then given by

Ypvpro =

iy Kzﬁ[czt +2mCq]

 *+
4‘/3“‘/2,\0: —_ Bﬁ—t» [‘a\"/\ C2. + 61]

From Eq. (7) one deduces that the conspiring amplitude £F, is
going to zero like J—: This supports an evasion mechanism for

the W exchange.
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10.

For the B exchange only A2 in Eq. (1) -iS.,‘l_’l.O_l’l-Z,eI‘O, so that

. the B contribution is always vanishing like \/t, It should be
noticed that even if 6 and ¢ contributions were taken into

account, conspiracy would be excluded by the preceding reasoning.
By different arguments it has been concluded by Halpern 6) that

o 9 2, f’ and B are not comnspirators.

We have assumed that the tJ and B trajectories were parallel

to the e trajectory with a mass difference displacement, such

that
dwit)= OS6H t

dg (¢)=-0.30+ ¢

The parametrization of helicity amplitudes for D’ p-— JZOn is

then given by

;Dv“‘ - kﬁi\f_-g[taj*’-ewaf]gdw

;;’; = Rtt [2may - o4 1€y,
2

- B
‘f’o: = P{: Rtt C“L gdﬁ

T D 14 53 i
zo(uf A lota) (el 2) Vg‘.“wedm -] (50) :
, A=
- I S
io(ez oK (o 44) (A+2) (o+3) [ﬂs—‘,‘;\@;g'l (s—o)

The extra factors (& +2) and (X +3) have been introduced in
order to fit the experimental data up to =-3(GeV/c)2, because
¥, =-2 for t=—2.5(GeV/c)2 and X p=-3 for t=-2.7 (GeV/c)z,

w w and aB are assumed to be constantse.

and em1 9 4 5
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110 :

For t-0 only the (U contribution to f81 survives, so
that one may expect the differential cross-section to be very small
in the forward direction, and then to rise quickly. This is in
good agreement with experimental data. Also the dip for
trv—O.6(GeV/c)2, is well accounted for by the vanishing of the
(W trajectory at this energy.

The best fit obtained is shown on Figs. 1, 2 and 3, together

7)38)59)

with the experimental data of Refs. ; for the following

values of the parameters

B -3
a,ﬁ": - 220.8 \/)A,b ( CeVic)
ar’= 4,56 V Ab ( Gevic) ¥

o 2
ag: 34 \/).Lb ( GeVic)

}

The general feature of the differential cross-section as a
function of + and Exf is nicely reproduced in this three pax«
rameter fit, for :EX?V 3 GeV. It is really not astonishing that
the fit is not so good for Ey =2 and 2.5 GeV, because there is
certainly some resonant contributions at these low energies. Never-
theless we think that our fit is better than the one obtained by
Locher and Rollnik 10) using only (v exchange + background,
and helicity amplitudes which do not satisfy the analytic properties
we have imposed on ours. The contribution of (J 1is also shown on
Fig. 2. It should be noticed that the two contributions are purely

additive in the cross-section, so that one may write:

_C.J_.g:.'—-—>)7o =a<!~bj+ _O.{_I(j%
e (sp P) pys Tt
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Charged pion photoproduction

. The situation with regard to the f(+ photoproduction case is
much more complicated both from a theoretical point of view because
the number of possible exchanged states is much larger, and from
an experimental point of view because the general behaviour of the
angular distribution is rather different from the Jlo case and
seems to exhibit different qualitative features above 3 GeV., It
has even been suggested 1) that the 7 + photoproduction might
be a definite example of failure of the Regge pole model.

To begin with, we have tried to describe the process Y p—eJ1+n
in the simplest way, namely, with a two trajectory fit. The two
trajectories were chosen to be the B whose importance has been
shown in JT ° photoproduction and, of course, the J{ which is
known to be very important. The € contribution was excluded
for the reasons explained in the preceding paragraph and the A
and A

1

> contributions neglected.

The B contribution to Y p~+r(+n is simply deduced by isospin

. . 0 .
invariance from '( p— 1 n. One obtains

—f—‘(;,l (v1h) = —-\/Z—)EO—( (J1°)

For the pion it seems reasonable to assume that its contribu-~

tion to 561 vanishes also for +t—0. From perturbation theory
one knows that the one-pion exchange term contributes only to

01’
also been shown by Halpern that probably the pion was not conspi-

A5, which leads to a V%A2 contribution to f and it has

ring. We therefore get the following expression for the JT

exchange

P J'(: |
for = PRe t% Az g“fz

E-
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13,

with .

N
2y, = A () (A (3)

2 -
If we assume that for t-:)4 we sheald recover the usual

perturbation calcuiation, then for s-—-o:

i T o 1R 7 RSt
< — 20357 74 = O p
KT a; = \/24 OJ*/ O S ¢

and the JU T photoproduction is ccmpletely determined,'without
any free parameter., But, wheftever the parameters are, we then get
in trouble, because with the assumed contributions for JT and B,
the differential cross-section should vanish in the forward direc-
tion. Experimentally, this dces n0ot seem to be the case; because
a diffraction peak is observed in tkhe forward direction 11), at
least up to 3 GeV.

Nevertheless, the recent experimentel results of Dowd et al. 12)
for E5'==3.25 and 4.17 GeV suggest +that this forward peak may
disappear at high energy. It is in fech welil known that this peak
is already present at low energy, even ai 6CO MeV, and that at
these energies it is due to an interference between a resonant
background and the pion term. Mcre precise experimental informa-
tion in the forward direction a% high energy would be of much help.
Within the present experimental. status, we consider the two follo-

wing possibilitiss:

a. the forward peak disappears at high energy; then, the experi-
mental cross-section is well described by J{ and B exchange
only; the results are shown on Figs. 4, 5, 6 and 7 *);
it should be noticed that this is an absolute prediction without

any free parameters;

*
) Experimental results for 3.4§fE3 £ 4.1 GeV from Ref.
have teen excluded because of uncertainties in the energy deter-

mination and in the absolute normalization of the cross-section.



14.

b. the forward peak does not disappear at high energy; then, oniy
in the forward direction B and JU are not sufficient to
explain the data, and one has to search for a different
mechanism; the more natural explanation would probably be in
terms of a resonant background, but at the present time the

more popular would certainly be a possible conspiracy mechanism.

7. K _MESON PHOTOPRODUCTION

With the K meson photoproduction we are faced with the kine-
matics of a four-different-masses process, and we shall adopt the same
notations as in the preceding sections, the main difference being that

now Dy the baryon momentum in the t channel, is given by

FL——‘—' (t- (W%‘/}llvl Lt- (;M_\/)z,]‘/z 12VE

where Y 1is the hyperon mass.

We choose the same system of invariant functions, except that

M4 is now

My=23s (¥ PR-TR PE)- s (m+Y) T € ¥R

and the helicity amplitudes are given in terms of thé corresponding
Ai by the following equations:
Tt oo Re[e-(m-y)2 1R CRa-(meY) Aal
(=] I

Fim toke [ P Tl R B ) )

E-(m-Y)?
(. g_t{t-m»/)&]'/’f [(m+Y) A= € ALT (9)
[ 2 t |
L0 == Peke — LERs+m=Y) Aq ]

Tb-(m-v)21 %
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15.

If we invert now these relations and express the Ai in terms of the
helicity amplitudes, we find as expected 14) that the Ai are non-singu-
lar for 1+t =0, or, in other words, that there are no constraints among
helicity amplitudes for t =0. DNevertheless, there are constraints

for t::(m-Y)Z, which is not far from the physical domain.

If we put
9 )
X = [t-(m~wzl/{

we find that the following relations are to be satisfied for x-0

;J;+ Yim 4#! = 004 (10a)
Y- m '
;(_'g' _ ;(‘,T = O(x¥) (10b)

The first relation is always satisfied in a trivial manner,
because from (9) we see that both 551 and 571 have to vanish as x
when x-0, otherwise A, and A4, should have a pole in 1/%x. The
second relation is not trivial and is interesting by itself because it
is completely different from the one obtain for + =0 when the two
baryons have equal masses, and implies a relation between f61 and
f;1 instead of f61 ~and 5?1. This demonstrates once more, if
necessary, that there is really no continuity relation between equal
mass case and unequal mass case. Moreover, it should be noticed; that
if one takes into account the neutron-proton mass difference (the fact
that this is an electromagnetic mass difference has nothing to do here,
because it is a pure problem of kinematics), then it is relation (10Db)
which has to be used for K’p—e)Z+n instead of (3). The discussion
usually developed about conspirators for b'p-er+n is, in fact,
incorrect. Nevertheless, the evasion procedure we have assumed in

Section 6 will show up to be correct in K meson photoproduction.
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1) Reggeization of helicity amplitudes

" The three possible trajectories are K, K*¥ and K*¥. TFor
simplicity, due to the lack of experimental information, we have

neglected the K** contribution.

The contribution of the K +trajectory is given by

—{-o”, = Pe Ry Ve L= (m-v)?] % gdK

t- i (11)

with

Ly, = A LA+ (o<+z)(@ji_____ )

and

oy = t- Wiy

. In (11) we have factorized the pole in A, due to gauge inva-

.riance, and it is also manifest that (10b) is satisfied.

‘Por the K* contribution we obtain

for = - %:[t (-3 1% T as —W‘/) ag B«x*

o

i

_lj_: [t (M~“/)J/L[(m+y)6u ~tﬁz. ]go(K‘%

with

z, .= K (cr)a2) A= ('_5_”)0(."
¥ ‘ ﬁahJTO(.

~and’

(9<K¥-= O.\\?)q + t
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E@e assume once more that the K* trajectory is parallel to the

e trajectory with & K*(o)— 0('( (o) =m26 —mlz{*j

The cross-section is then also given by (4) with appropriate

expressions for cos@,G and singt.

Jomparison with experiment

The experimental information about K meson photoproduction at
high energy is very poor up to now. There are only differential
13) for y p—=KtA

and ¥ p~+K+Z:o. Any definite conclusion is, of course,; impossible

cross-sections at 3.7 GeV from Elings et al.

at the present time. Nevertheless, we found that a one-trajectory
fit was impossible because this would lead in any case to a vanish-
ing cross-section for 0.4 ;tQCL8(GeV/c)2, in contradiction

with experiment.

A tentative fit 1s presented on Fig. 8 for K’p—»K+(\o with

the following values for the parameters
a«,(K = 4.5 \Vpb (GeVic)
N -<
ol = 223 Vb ((GeVic)

a2 gLs\ys (Gevie)!

The differential cross-section for K’p-»K+2i° is shown on
Pig. 9, the theoretical cross-section was deduced from the
¥ K A° cross-section by multiplying it by a factor 2.22.
We found that the hct-Z? mass difference gives only 5% difference

in the absolute normalization of the cross-section.
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3) _S_LI3__§MX ,

It has already been noticed that the SU symmetry encounters

3
some difficulties in photoproduction at high energy. The two
reactions ¥ p—A K' and ¥ p-2Z °K' differ only at the baryon

vertex. From SU, we predict at once that for any isospinor

3
exchange in the + channel

dc‘(za)/ 45 (n)= )¢

5(3{—40’

where f and ,d are the usual symmetric and antisymmetric cou-

plings. For KX exchange, if we use f/d=4%, this leads to

@(Zﬂ/ﬁ(AW‘“*-

*
For K exchange, if we agsume d=0, then

TG (A°) =

-4
3

Because there is no iuterference in the differential cross-section
between K ond K contributicns, we find that in any case

c (%9« o (A°), which is in contradiction with the experimental
result & (Z9)=2.220{ A°).

From our results one gets f£/d=0.03 for the -0  octet and
17 octet. This is completely unreasonable, when compared with

previous analysis.
CONCLUSION

At the present time one can conclude that the Regge pole model
works for photoproduction. We think that it is interesting to notice.

that our best results have been obtained for ILO photoproduction,
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which is the most restrictive case, because as we have shown, only

two states may be exchanged in the +t channel. This is to some extent
analogous to elastic 3 - nucleon scattering for which analysis of
Il—p—»non, with only one possible tiajectory exchanged, was a great

success of the Regge pole model (except foi polarization!).

But, of course, some problems remain unsolved. For J{ + photo-
production it is clear that the absence or presence of a forward peak
will be decisive to prove or disprove that a simble picture may work,
and at last we think that the K meson photoproduction will be a very

important check of the validity of SU, symmetry for strong and

3
electromagnetic interactions.
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