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Abstract

Dips in differential cross sections of inelastic hadronic re-
actions may be caused by nonsense zeroes or by geometrical
effects. A direct way of resolving this question is to change the
interaction radius in a reaction, while keeping all other parameters
fixed, and to see whether the dips move. The "radius" of a virtual
spacelike photon has been predicted to change with its mass. If
this is verified (e.g., in po—electroproduction), a study of the dip
in Tro—electroproduction should decide between the two schools of

dip mechanisms.
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One of the most striking features of hadronic reactions is the appearance
of dips in many differential cross sections. It is widely believed that these dips
may yield crucial clues to the correct phenomenological description of hadronic
processes, and many explanations have been offered for their observed proper-
ties. These explanations can be classified into two main schools of thought.

The first school (the '""nonsense school') claims that the positions of the dips

are determined by the properties of the exchanged objects in the t-channel. 1 The

dips may be due to "nonsense factors,' "ghost killing factors,' and other such

entities which are all characteristic of the exchanged system but are essentially
independent of the colliding hadrons. In other words, the positions of such dips
are completely determined by parameters of the exchanged poles (mass, slope,
intercept, etc.), they are independent of energy, and if the dips are due to the
same exchange in different processes, their positions do not depend on the identity
of the initial and final particles in these processes.

The second school (the "radius school") asserts that the dips have a geomet-

rical origin and that they are determined by simple features of the impact parameter
representation of the scattering amplitude. 2 The positions of such dips depend on
the effective radius for the interaction and on the dominant helicity amplitude. The
radius may depend on energy and/or on the properties of the colliding particles.

It is always possible to translate a simple Regge pole model into an extremely
complicated and ugly impact parameter description. It is equally possible to pro-
duce a hopelessly artificial mixture of poles and cuts that will reproduce a simple
geometrical picture. The distinction between the two schools of thought is there-
fore not in the language that they may use (because both languages can always be

used) but in the description which is most simply and directly related to the ob-

served properties of the dips.



Our (biased) op‘mion3 is that the experimental evidence, so far, is heavily
in favor of the "radius school." However, a decisive test is lacking. Most of
the observed dips in inelastic processes are around [t| ~ 0.5 BeVz. This is a
"nonsense point' for all o (t) ~ 0.5+t trajectories. It is also a zero of JAA(r N-t)
for Ax=1and r ~ 1fermi. Since the observed dips are seen in processes allow-
ing vector and tensor (i.e., @ ~ 0.5+t) exchanges, and since in all ca.ses3 the
helicity flip amplitude (i.e., AA=1) seems to dominate, it is hard to distinguish
between the two possibilities. )

An ideal test would be to change either the trajectory parameters or the
radius while keeping all other factors fixed and to see whether or not the observed
dips move. However, the trajectory parameters cannot be changed at will and the
radius changes, if at all, very slowly (at most like log s). Consequently, such a
test has not been performed, so far.4' What is obviously lacking is an easy ex-
perimental way of changing the hadronic radius by a substantial amount.

In this note we propose an experiment, which, subject to one crucial pre-

liminary condition, might resolve the controversy between the '"nonsense school"

and the "radius school" in a simple and direct way. Our starting point is the ob-
servation that photoproduction processes are qualitatively similar to pure hadronic

processes and that their dip systematics are also very similar, according to both

schools. The photon has, however, one property which may help us—we can change
its mass (at least in the spacelike region) without too much difficulty, by perform-
ing electroproduction experiments. This leads us to an interesting question: What
happens to the interaction radius when the mass of one of the colliding particles is
changed? Several arguments, based on field theory models, have recently been

advanced, predicting that as the mass of the spacelike photon increases, the ef-

fective interaction radius decreases. 5 In such models,6 as q2 —> 00

ra

Ja?

-3-



A more relevant practical question is whether the radius changes significantly
at small qz. A recent estimate by Kog;ut7 actually indicates that, within the
field theory model, the radius should change significantly between q2 =0 and
q2 =1 BeVz.

A direct, model independent, measurement of this radius as a function of q2

can be performed by studying the Jc'eatction5
- -, 0
e +tp—e +p +DP

This process is supposed to be predominantly diffractive for all photon masses.

For any given value of qz, the slope (int) of the diffraction peak measures the
squared effective radius of the interaction. 8 This is true in all models. The

field theory models then predicl:5 that the slope becomes smaller as q2 increases.
Preliminary results from SLAC seem to support this remarkable pre-

9,10

diction, 5 while a recent Cornell experiment is inconclusive. The

verification of this prediction is the crucial preliminary condition mentioned above.

If the po—electroproduction slope does not vary significantly between, say, q2 =0
and q2 = 1, we lose our chance of having an easily controlled varying radius. If,
however, a significant q2 ~dependence is confirmed, we will be able to use electro-
production experiments as an extremély powerful tool for studying problems of
hadron phenomenology.

In particular, we may then perform the crucial experiment that will decide
between the two schools of dip phenomenology. The process which should settle

this issue is electroproduction of 7°;
- - o
e +tp—re +@ +p
o . 11 .. 12 2 "
In 7 -photoproduction™ ™ a clear dip is observed ~ at [t] ~ 0.5 BeV~. The "non-

sense school" relates it to the nonsense zero of the w-trajectory (undoubtedly the

—4-



dominant exchange in this process). According to the ""radius school,' the proton

helicity is approximately conserved in w-exchange and the initial photon and the

final 7° differ by a unit of helicity. Hence, the dominant amplitude has AA = 1 and
. . 2 (o]

the dip corresponds to a zero of J1 (rn-t)forr ~1fermi. A 71 -electropro-

duction experiment will now enable us to measure the photoproduction of 7° by

transversally polarized virtual photons of mass q2. w-exchange would still dom-

inate in the t-channel and its nonsense zero is obviously unchanged by the photon

mass. According to the ""nonsénse school," the dip in Wo—electroproduction should

therefore remain at the same t-value as in Wo—photoproduction. On the other hand,

if the interaction radius decreases significantly when |q increases, the zeroes

of Jl(r J-t) should move int. According to the "radius school,' the dip in 7°-

electroproduction should then significantly move to larger t-values, as q2 increases.

In practical terms, such an experiment may be feasible in the very near future.
The laboratory energy of the incoming virtual photon (i.e., the energy loss v of the
electron) may be as low as 3 - 5 BeV or so, since at such energies the dip in 7°-
photoproduction is already observed. The predicted shift in t for the dip, according
to the '"radius school,' may vary between different detailed models but should be,
at least, 40% of the observed change in the diffractive slope in po—electroproduction
for comparable q2 -values. 13 Thus, if at a given q2 -value, the po—electroproduction
slope is approximately one-half of its value in po—photoproduction, the "radius
school" would predict that ﬂo—electroproduction at the same value of q2 exhibits a
dip somewhere between |t| ~ 0.7 and |t| ~ 1, while the "nonsense school' would
predict a |t| ~ 0.5 dip. Such an effect should be detectable. The obvious difficulty
in performing this experiment is that a detection of the final electron and proton is
probably not sufficient, since the 7°-s ignal in the missing mass would be "covered'

by an enormous background from the radiative process e +p—e +7y+p. A



detection of at least one of the wo—photons seems to be necessary. Another im-
portant requirement is the necessity of isolating the transverse photon component
of the wo—electroproduction cross section, since this component corresponds to
the photoproduction case. This can be achieved by changing 6, the electron scat-
tering angle, and ¢, the azimuthal angle between the electron scattering plane and
the photoproduction plane. 14

One cannot exclude the possibility of a totally unforeseen surprise in such an
experiment, such as the disap;;earance of the dip for q2 # 0 or some other equally
mysterious result. In such a case, our "decisive test" will not fulfill our expecta-
tions, but we will certainly have the benefit of witnessing a totally new phenomenon,
which will presumably be interesting by itself.

Finally, we should again emphasize the different nature of the po—electropro—
duction slope and the wo—electroproduction dip. The first is related to the dif-
ractive ra.dius8 in all models and it has no direct bearing on the different dip phe-
nomenologies. Once this radius is determined, and is found to vary with qz, we
can proceed to use the 7° dip as a test between the models. If the pO-Slope does
not change with qz, our entire discussion becomes purely academic.

We hope that a study of wo—electroproduction will soon be performed and that
it will enable us to resolve the dispute between the different phenomenological ap-
proaches to the dip problem.

Most of the points discussed in this note emerged from discussions during a
short visit to Cornell University in May 1971. It is a pleasure to thank Boyce
McDaniel for his warm hospitality and Al Silverman, Dick Talman and Ken Wilson
for helpful discussions on wo—electroproduction. Discussions at SLAC with Bjorn

Wiik and John Kogut are also gratefully acknowledged.
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A "minimalistic' model would assume: (i) "y" + p———>7ro + p is dominated by
s-channel resonances; (ii) ''y"' + p couples mainly to resonances in partial
waves corresponding to a radius rl(qz) which decreases as q2 increases;
(iii) ™ + p couples mainly to resonances in partial waves corresponding to a
fixed radius ry. The effective dominant radius will then be roughly given by
r ~ -21— [rl (q2) + rz] . If rl(qz) is detezrmined by the slope B in po—electro—

o —L-
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production, we have B(g2) & [rl (qz)] . On the other hand, t
r

dip
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Hence as B(qz) decreases, say, by a factor of two, t dip should increase at

least by 40%. We refer to this model as "minimalistic" since all other

variants of the '""radius school" seem to lead to stronger effects, up to a

o« L
dip B°

The double differential cross section fore +p —e + 7° + p involves,

relation of the form t

among others, terms of the form (¢, + ¢, ) and (¢, - ¢, ), where the sub-
1 I 1 I

script denotes the photon polarization. Since in Wo—photoproduction o, is

completely dominant (reference 12), any measured combination of o) and
o) would probably be sufficient for our purpose. (The only exception being

the case € =1, ¢ =0 where only o, confributes.) A measurement at

l

¢ = 90° would be the cleanest, since only 0‘1 and olong contribute there.



