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ABSTRACT
We suggest the presence of "fine' oscillatory structure of the

diffraction peak connected with reggeon instability.

Recent :rneasu:r'ements1 of the differential cross section for pp
scattering in the CERN colliding beams have revealed a marked t-
dependence of the diffraction cone slope on going from large 't’

(> 0,15 GeVZ) to small |t] {<0.15). This structure of the diffraction
peak (we shall call it "averaged'") has been widely discussed and it has
been shown that it can be described by both the optical model (see for
example Ref. 2) and the Regge model (Ref. 3 and many other papers).

In this note we discuss the possibility of the presence of extra
"fine' structure of the diffraction peak. Deviations of the ISR experi-
mental points from a smooth "average' t~dependence have already been
mentioned by Amaldi, 4 We shall suggest here that these deviations

are oscillations connected with complex Regge pole (CRP) contributions.
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It is well known that CRP arise in many nonrelativistic and
relativistid models for the scattering amplitude and probably are a
general consequence of s~ and t-channel unitarity in Regge theory (for
a review of the current situation in the CRP model see Ref. 5). The
fact that a Regge pole is complex means that the reggeon is unstable
with respect to emission of the Pomeron (¢ - a + P) or some other
reggeons, so that the imaginary part of the trajectory is proportional
to the corresponding triple Regge vertices,

In s ~channel multiperipheral dynamics oscillations which are
connected with CRP correspond to the opening of new channels (new
links in the multiperipheral chain) when the energy grows.

We start from the simple model8 which describes pp scattering
by the ordinary (real) Pomeron P plus a complex conjugate pair of
poles:

P + E -

Als,t) =ve + Be + p7e , (1)

where A = Ins - in/2, a, = aRiiaI and ap b
If aR(O) =1, then

o (0)

otot(s) =y(0) + 2| ﬁ(O)Ich( 21 )cos[argﬁ(())-kaI(O)lnsJ . (2)

It was shown in Ref. 8 that the second term in Eq. (2) can
describe both the decrease of crtot(s) in the Serpukhov region and the
rise (~14%) in the ISR region if aI(O) = 0,66, B(0)/y(0) = 0.02 and

argp(0) = 0.
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It is clear that this model is oversimplified because secondary
trajectories and cut contributions are completely neglected. These

contributions, in turn, also lead to a decrease of o, (s) at small s and

tot

to a rise at high s. However, it turns out9 that the rise of Ot ot con -

nected with the cut contribution is slower than the experimental rise.

In what follows we shall assume that the rest of Utot arises from CRP,

so that CRP contributes only 2 or 3 per cent of the whole increase (~14

per cent) of o in the ISR region.

tot
et us consider this model at t # 0, Denoting by (dc:/dt)aV that

part of the differential cross section which is not connected with CRP

we can write:

do _ ¢d
T = (Eg)av{i +C cos [argf(t) + alt)lns]}, (3)

where C =4 (B/y)ch(naI/Z).

If arg p or a, depends on t then the differential cross section will

I
ogcillate with t. We shall assume for simplicity that argp(t) = arg p(0)
= (¢, C(t) =C{0) and ozI(t) is linear in t

t
a.(t) =w(0)( '—'—),
I I to

so that the differential cross section oscillates with a period

2
171:0

AL = ——————,
t o:I(O)lns

1
If one assumes 0 that the characteristic value which defines the
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behavior of ozl(t) at small t is the position of the nearest t-channel
threshold, i.e., 4;.c2 {an = pion mass), then at large Ins >> 1 CRP lead
to fast oscillations and give "fine" structure of the diffraction peak on a
background of smooth "averaged' t-dependence which is presumably
contained in (da/dt)av.

Figure 1 shows a comparison of {1 + C cos (o_rI(t)ln s)} with the
experimental cross section divided by the "averaged' value, 2 i.e.,
(dc/dt)exp/(do/dt)av' The experimental situation is not very clear, so
we do not make a fit but simply show a curve with C = 0.02 and
tO/aI(O) = 3|.1,2 which seems to be the most suitable values to describe
the data at s = 2016 GeVz, where oscillations are the most prominent.
The data at s = 2809 G‘reV2 are less definite and seem to indicate a little

s

larger value of tO/af (0) ~5u",

1

At lower energies the pericd of the oscillations must be larger
"(lns)_i. Unfortunately we do not find clear evidence for oscillations
from lower energy data. The ISR data at s = 462 GeV2 and 949 GeV2
have errors larger than the expected effect.

Recoil proton measurements at small [t| (5 0.1 GeVZ) in the NAL
and Serpukhov region“ do not show up oscillations. At smaller
energies (5 30 GeV) data obtained by the different groups usually have
steps in t bigger than the expected value of the period At or the accuracy

is not good enough. Some indication of oscillations can be found,

12
however, at p = 19.33 GeV/c,
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To illustrate the expected effect we show in Fig. 1 two curves for
s = 50 and 300 GeVz. We would like to stress that two assumptions
were important in our considerations:

1. reggeon instability (i.e., existence of complex poles on the
first sheet of the complex angular momentum plane), and

2. alarge value and fast t-dependence of the imaginary part of
the complex Regge pole trajectory (high instability of some reggeons).

There are some theoretical arguments in favor of the smallness

of @y for the Pomeron trajectory if OP(O) =41 (Pomeron quasistabilityé)

but there are no such constraints for trajectories with aR.(O) < 1. The
experimental data on inclusive spectra also indicate a small value

for the triple Pomeron vertex (small « ) but give large couplings for

I

other triple Regge vertices. This means that probably the main con-

tribution to the oscillatory component comes from secondary trajec-
~(ag, -eg)
tories and consequently decreases with s as s . If, however,

the real part of the complex trajectory is close to aP [or aP(O) =41 -€,

€ > 0], this decrease may be very slow. The large value of oy makes

it quite possible to have ozR(t) close to aP{t) even for ordinary secondary
trajectories. Other possibilities are the existence of new complex

poles with QRS ch, large «. and very small residue, or complex branch

I

points with Reac (0) =1 [in the last case the oscillations decrease as

(Ins) ]. A large value of oy for secondary trajectories can be found

in some models, even att = 0. 7
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If Cand/or argp depend on t and/or aI(t) is not linear, there may
be some changes of the oscillatory picture. Thus, if aI(O) =0 or

C{0) =0, then o, .(s) does not oscillate. If arI(t) and arg B(t) approach

tot
a constant, then oscillations in t disappear, but they still will be present
in the s -dependence if cuI(t) # 0 andC(t) # 0. In this respect it is very
interesting to make precise measurements of the s-dependence of do/dt
at different t. If aI(t) increases with [t[, oscillations in s will be faster
at larger ]tx

We would like to emphasize in conclusion that the fact of the

presence of "fine"

oscillatory structure in the diffraction peak needs
further experimental confirmation. It is possible that precise measure-
ments (with accuracy 1% or better) of the differential cross sections
for pp, mp, and Kp scattering may give us insight into a new physical
phenomena.
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FIGURE CAPTION

Fig. 1. "Fine'" structure of the differential cross section for pp

scattering.
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