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1. — Summary and conclusions.

We study the Veneziano representation for charged-pion photoproduction near the
forward direction. The simplest ({.0. without satellifes) reprosentation that contains
the gauge-invariant Born term requires the existence of an M =1 pion trajectory.
The model predicts correctly some of the peeuliar features of the parity doublet which
are necessary to fit the data.

Due to the difficulties associated with the I ==1 assigument, we studied the pos-
sibility of constructing solutions with an M =0 pion frajectory. In the framework
of the model this can be done in an essentially arbitrary way. by adding suitably chosen
gatellites,

2. — Introduetion and notations.

The mechanism of the reaction y+p - wv-+n near the forward divection is still
unclear. The most economical interpretation of the now well-known narrow forward
peak is in terms of a parity-doublet conspirvacy of the pion (which means that the pion
trajectory belongs to a Toller family with 3 ==1). However the I ==1 assigmment
for the pion leads to both theoretical and phenomenclogical difficulties. If on the other
hand the pion trajectory has M =0 its contribution te the photoproduction cross-
section vanishes at ¢ == 0 and models with poles and cuts are necessary. to fit the data (1

We will disenss here an application of the Veneziano model (2) to the photoproduction
of m* near the forward direction. Only two amplitudes (for each isospin state) are im-

(*) Work supported in part by the Air Force Office of Secientific Nacearch through the Kurspedl
Office of Aerospace Rescarch, OAR, U8, Alr Force, under coufract F81052 67 £ 0084,

(**)y Address after October 7, 1969: Rutherford High-Knergy Laberatory, Chilton, Dideot, Berks,

(*) For s general discussion sce J. D. JAoRs0N: Froceedings of the Infernaiional Conference on Ii¢:
mentary Particles, Lund, 1969 (to be published).

(*) G. VENEZIANO: Nuove Cimento, BT A, 190 (1963).
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portant near the forward direction. We will mainly use t-channel helicity amplitudes
free from kinematical singularities: Fy(s, §) and Fyfs, 1) are defined in rel. () (). The
anmplitude B (s, 1) receives asymptotic contributions- from {-channel exchangos -with
the quantum numbers of the pion and F{7(s, ty from the exchange of trajectories with
all the same guavtum numbers of the pion, but with opposite natural parity (natuval
parity = parity X signature).

At t= 0 the two amplitudes are related by the constraint equation (2)

M B st 0) = 5 T3 (s, 1= 0)

$. — The model,

Let us start with the amplitude F§7(s, t). We assume that it receives contributions
from the nucleon and A trajectories in the s- and w-channel and from the pion trajectory
in the f-channel. The simplest Veneziano amplitude that contains the gauge-invariant
Born term is
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Wo do not discuss here the problem of the baryon parity doublets. We only note that
for the parity doublet of the nucleon there is 10 trouble, since it does not contribute
to this amplitude; moreover since no parity doublet of the A has been ohserved, we
have put its residue equal to zero in (2). The parameters f and p are obtained by com-
paring the residues ab o (= ml) =0 and (s = M=} in (2) with fhose obtained
from. pion and nucleon poles in the Born approximation. We get

3 B = ego/*ms,
and
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where e?/dor = 1/137, ¢%[4or = 14.7 and ¢ is the commen glope of the linear Reg
jectories involved.

) ¥, Bart, W, Frazer and M. Jacos: Phys. Rew, Letf,, 20, 518 (1968).
(*) These amplitudes are related to the CGLN invariant amplitudes () in the following way:.
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F§ s, ) = 280457, ) ~ t45 (s, 8)

) G. F. Cupw, M. L. GOLDBERGER, F. B, Low and V. Navwu: Phys, Rev., 108, 13456 (1957).
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The representation (2) has also been discussed in a recent letter () by Amsan,
FavyyvazuppiN and Riazuppin. However the interpretation that they gave to (2) is
completely different from the one presented bolow.

We will now show that the leading singularity in the t-channel angular-momentum
plane is a Regge pole corresponding to a pion with M = 1. Moreover the model nat-
urally embodies gome of the peculiar properties of the residue fanctions that are needed
to fit the data.

From eq. (2) we geb, for large s and small ¢,

000 (1) 1 + exp [ toror ()]
) o (t) + 1) sin svo (T)

(8) F7s, ) = -

o gL
20 M2 (o"s)

¢+ my,

This amplitude is Regge-behaved and nonzero at {=0. Due to eq. (1) this means
that another trajectory o,(f), with the same quantum numbers of the pion, bub with
opposite parity, such that «,(0) = e,(0), must be present in the model: due to the
universality of the slope of the two trajectories will actually be degenerate in the present
model.

We stress once again that eq: (1) is not ab all trivial, even if, expressed in terms of
invariant amplitudos, it reads (s, t == 0) = (s, t==0). This ouly means, in the frame-
work of pure Regge-pole models, that 4f (s, t == 0) is Regge-behaved and nonzerc ab

= 0, then we have a parity doublet exchange in the {-channel.

We can now easily construct a representation for Fy (s, t) (*) that satisfies eq. (1):

T — o 1T — ape(s)]

6 T )= — e (5 1)
; : T — a,() — ae(s)]
I — a (I T(F — oals)] I} —ep(HTHE —aa{w)]
[/ T e —{s =>u) -+ . (s > w) | p -
§ — oo (f) —«alsi] L1 = oryo(s) — eea(w)]
+ nonleading terms for large s and smail ¢
with y = 2 Mego' and g = —%.

From eq. (6) we obtain for large s and small ¢

aol) 14 exp [ i (8]
Io(t) 4 1) sin sroc, (1)

() P ) =2 (a's)t071,

We will now briefly discuss some very interesting results which are automatically
contained in the model:

1) As also remarked by Amuap, Favyvazoppiv and RIAzZUDDIN, in the limit
§ - o0, 0:(t) = 0, the model reduces to the electric Born term, which is known to give
a reasonable fit to the forward cross-section.

2) The pion residue funetion is proportional to (1--4(E— miyfm%) and there-

- . . . 2 2 . o s .

fore varies very rapidly in the inferval —ma<t<{my. A rapid variation of this
kind is known to be necessary to fit both the magnitude of the differential eross-section

(5) M. AmMap, FAYYAZUDDIN and RI1azupDiN: FPhys, Rev, Letl., 23, 304 (1969).
(*y Note that Fé‘"’(s,l} being a ponseénse-nonscunse amplitude at a@) =06 cannot contain a pole
at a(t) =0,
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and the data with polarized photons with an M =1 pion. This behavior bag to be
compared with the one obtained from high-energy (%) and continuous-moment sum
rule (6) fits: (1 4+ A(f~—mE)/mz), & typical value of 2 being 4 = 0.42.

In other words the model predicts a very rapid variation of the unnatural-parity

contribution and its vanishing at = —mg. This zero is extremely important to ex-
plain the bebavior of the polarized-photon
data: the predictions ave compared to the 1.2
data (") in Fig. 1 and the agreement is .
very good in the extreme forward direction. e {
Of course for —t>>mp other trajectories like 1or /s M
the ¢, A, and B, which are not important = / | l J
pear t = 0, will come into the game and will @ o4 / i i
change considerably the predictions shown b T .
in the Figure. % !
3) From the behavior of the residue 306 T
of the «conspirator» pole at oy ()= 0 in klj* L
the nonsense-nonsense amplitude Ty~ we ? 04k
gee that the «conspirators trajectory chooses < . Y
nonsense at o,(f) = 0. That means that no
new 0+ particle is expected. This result is 0.2+
also in agreement with the study of finite-
energy sum rules (?), once the M =1 as- | . ; l ‘ B
signment hasg been assumed. 0 01 0.2 03 0.4 05

. V=t (Gevic)
We have thus shown that the simplost . .
. Fig. 1.~ The quantity R=(de —do)i(doy +day)

(i.e. without satellites) Veneziano repre- is compared with the prediction of the model
sentation requires an M = 1 pion trajectory  with a conspiring pion. The data are from
and correelly prediets some of the peenliar ref. (): ® 3.4 GeV, X 3 GeV,
properties required to fit the data.

However it has all the troubles of the # =1 models () and it is therefore in-
teresting to try to construct an amplitude that contains an M= 0 pion trajectory.
In this ease of course absorptive corrections are crucial to fit the data.

It is obviously impossible to construct a Veneziano amplitude without satellit
and with an M = 0 pion irajectory. gince we want it to contain the Born term which
has a nonzero vesidue at ¢= 0.

For simplicity of writing let us just consider the first term in eq. (2): the discussion
of the second term is very similar. We consider the anplitude

Pl 0T~ ()} & TTr— an1ITE 4+ = tye(s)]
(8) — Bl T T (s )
TT3— o) — o8] 577 TTE 25— anlt) — o0(6)]

and we expand it in power series using the metiod of ref. (8). We can now clioose the

. . . : 3 . e (B) eV
coefficients y, in such a way that at =0 the amplitude (8) behaves as (o'8)n @Y,

(%) P. D1 Vicomia, F. DrRaco, C. FE ero-FoNtix, R. Oporico and M. L. PACGIELLO: Phys. Leil,,
27 B, 296 (1968).

(%) C. GewexieEr, P, Hume, U, Koz, R. Lxwis, P, SomMUSER, H. Sgrom, H. Wamn and X, Wa-
GRENUR: Phys. Lett., 28 B, 153 (1963).

¢) A, Bigrri, P. D1 V. socHIs, A. Drico and M. Pacisrno: Phys. Lell,, 28 B, 457 (1968)

) M. L, Pacienno, L. SERTor10 and B. TAuLIENTL Nuove Cimenio, 62 A, 713 (1964),
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which means that we have removed the first (I — 1) Toller poles with M =1 present
in the original amplitude.
It can be easily seen that to do their job the p, must satisfy the system

(9) Ay (0 T2, 1+ o M2 (0)) + Sy oo B
B (7 o M2, 20 4 @ M0 (0)) = O

for 1<n< ¥, where the coefficients 4,(2, ) are defined and discussed in ref. (°). The
system (9) is equivalent to a rvecurrenee formula that gives v, if vi, 755 vory Yoy 8v6 known,
However it should be remarked. that the cancellation mechanism introduced in (8) is
highly arbitrary and it is presumably possible to find many other satellite contributions
that work equally well. Moreover it is not very clear what happens if we let ¥-»o0:
in this case ip fact the series in (8) must develop a pole at =4 which is not
present in the single terms and therefore will change the Born term.

By modifing in a similar way the second term in (2) we obtain the asymptotic ex-
pansion

00 FUst) = —egor ST IR 2 anll) Lk expl—innnl] oo
2’ mE + 1) Dle() + 1) I e (1)
that obviously eorresponds to the exchange of an M = 0 pion trajectory.
In conclusion we have shown that the simplest Veneziano vepresentation for eharged-
pion’ photoproduction requires pion conspivacy, with all its defects. Moreover there is
an essentially infinite freedom in the constructivn of evasive solutions.

I am grateful to Prof. M. Cassanpro and Dr. P. D1 Veconta for useful discussions
and eritical reading of the manuscript.
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