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Abstract

The tole of s-channel unitarity screening corrections, calculated in the eikonal ap-
proximation, is investigated for elastic and diffractive hadron-hadron and photon-hadron
scattering in the high energy limit. We examine the differences between our results and
those obtained from the supercritical Pomeron-Reggeon model with no such corrections.
It is argued that the saturation of cross sections is attained at different scales for different
channels. In particular, we point out that wheras the saturation scale for elastic scat-
tering is apperently above the Tevatron energy range, the appropriate diffraction scale
is considerably lower and can be assessed with presently available data. A review of the
relevant data and its implications is presented.
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Over the past few years phenomenological investigations of Pomeron exchange reac-
tions have been confined mostly to the study of forward elastic scatiering and total cross
gections. In particular, Donnachie and Landshoff (DL) have promoted [1] an appealing
and very simple Regge picture in which

Tiot = X(;%)A + Y(f;)'” (1)

with universal A = 0.0808 and n = 0.4525. This corresponds to a supercritical Pomeron
trajectory ap(t) = 1+ A+ ofpt and a Regge trajectory ar(t) ~ 0.5+¢. Indeed,the analysis
of Block, Kang and White [2], who examin the nuclear slope of high energy pp and pp
elastic scattering, yields an excelent reproduction of the data with B = b + 20’ In{Z)
where ap = 0.25 GeV 2. Eventough DL offer a global fit to all available hadron-hadron
and photon-hadron total csoss sections, it should be noted that in reality only p and
4p reactions have attained high enough energies in, which the Pomeron parameters can
be unambigiously tested, provided experimental errors are small enough. Clearly, such
a simple model is bound, eventually, to violate s-channel unitarity. Nevertheless, as we
shall see, DL have introduced a P-P cut correction which extends appreciably the domain
of applicability of their model.

Elastic scattering and diffraction dissociation are similar processes which have predom-
inantly forward imaginary amplitudes corresponding to the exchange of vacum quantum
pumbers in the t-channel. As such, both are dominated in the high energy domain by
Pomeron exchange and are expected, in & simple Regge model, to exhibit rather similar
dependences on the kinematic variables. In this review I wish to address some of the
apperent differences between these processes and their interpretation. In particular, I
wish to examine the role of screening corrections in the calculation of these reactions and
gshow that they saturate the above cross sections at very different scales. I shall add a
few comments on the new data coming from HERA and its relrvance to this discussion.
Both H1 and ZEUS report [3,4)] that in the HERA energy domain (o + ¢4isy) is about
35-40% of the total cross section. This is similar to the ratio observed in pp scattering in
the ISR-Tevatron energy range, where the need for some unitary corrections is apperent
[1,5].

In order to catalog the differences between an uncorrected supercritical Pomeron model
and a similar model which includes screening corrections, let us specify their features side
by side. I wish to present a calculation which is reasonably realistic but also as simple
as possible. To this end I present the Pomeron amplitude in an exponential form and
calculate the screening corrections utilizing the eikonal approximation. This approxima-
tion accounts for elastic rescatterings which are the leading contribution to the screening
process.
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Our amplitude is normalised so that

9 | fart)P (2)

Ot = 4xImf(s,0) (3)
The scattering amplitude in d-space is defined as
1 :
= —ig-b
a(s,b) = 5 [da e¥Pf(s,1) 4)
where t = —g° .
In this representation
ot = 2fdb Ima(s,b) (5)

au = [db jofs, ) (6)

The introduction of screening rescattering corrections is greatly simplified in the
cikonal approximation where at high energy a(s,b) is assumed to be pure imaginary,
and can be written in the simple form

a(s,b) = i(1 — =) | (7

where the opacity {i(s,b) is a real function. As we shall utilize Regge parametrizations,
analyticity and crossing symmetry are easily restored by substltutmg 3 geival/2,
where a denotes the exchanged Regge trajectory.

In previous publications [6,7] we have shown that the eikonal approximation can be
summed analytically for a Gaussian input

2

$}(s,b) = v(s)e F (8)

which corresponds to an exponential representation in t space. This is a good approxi-
mation [5,6] for Regge type amplitudes, where

Imf(s,t) = C’eﬂgt(’i)a(t)—lain[%(t)] ~ C(;f_)&e%m(s}t ()
0 0

With this amplitude we obtain .
Ttot = 4“C(T)A (10)
0
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102(4)24
O = —B:— (11)
Tin = Tt — Tt . (12)
On transforming to b-space we get
=90 (%, Gt
Y0 = 2ei(a) )~ dBa (13)
R(s) = 4{R} + o'ln(=)] (14)
0

where g = () and By = 1R%(s). With this input, we obtair in the eikonal approxi-
mation '

O = 20 R%(s)[Inv(s) + C — Ei(—v(s))] (15)
oin = TR} (8)[In2v(s) + C — Ei(—2v(s)))] (16)
Ol = Otot — Tin (17)

where Ei(z) = [T ‘—:dt ,and C = 0.5773 is the Euler constant.

The above parametrization also allows one to obtain a closed expression for single
diffraction dissociation , where in the triple Regge limit with no screening corrections we

have
Mido g _

dM2dt

With the introduction of screening corrections 7] we obtain

’ M2 M2 i
o337 Grrr(-)" + Grer(5-)H] (18)

Modeu _ ﬂi%%@(]%)m [Grrp() o1 s t(as, 20(a)
+Gppn(%)—}ﬂz(§;(—iw‘1(am2"(8))] (19)

where Gppp and Gppg are the triple Regge couplings corresponding to single diffraction
dissociation,

—. 8 s
Ri(35) = 2Rg; + 75 + 4o In( 55 (20)
roi < 1GeV 2 denotes the radius of the triple vertex and can safely be neglected.
2R%(s)

(21)

" B + 2R ()
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The indices i =1,2 corresponds to P (Pomeron) and R (Reggeon) exchanges. y¥{a,2v)
denotes the incomplete Euler gamma function ¥(a,2v) = J2¥ z°~%e~*dz . In the high
energy limit the above expression simplifies to

M3do,q

2 - wR’(a)[GpPP(%)A + GPPR(“:—:)'%] (22)

Table 1. Asymptotic predictions of the Supercritical Pomeron and Eikonal models

Supercritical Eikonal
Pomeron model
Ceot ” In*(%)
Oel E) ()
ou | wggm | )
o :
o3 B e 3 : A
o » 1
ng ! ;[-c_u’;] ]"I'i'ﬁ'j

The remarkable differences between the non eikonalized and eikonalized versions of
the supercritical Pomeron model are best illustrated in the asymptotic region and are
summarized in Table I. As can be readily seen, the most dramatic change takes place
for single diffraction where a 8?2 divided by a In(s) term is replaced by R?*(s) which
behaves as In(s). Problem is that the information summarized in Table I is of no practical
use as long as we do not specify the appropriate energy scales at which the screening
corrections become appreciable. To this end we need to asign some numerical values to
the free parameters of our equations. It is an easy excersise to see that if we insert the
DL parameters into Eqs. (9) and (13) our amplitude will violate s-channel unitarity for
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small b at c.m. energies which are as low as 2.5 TeV, just above the Tevatron range.
Indeed, the CDF group |8] finds that a(s,b=0) = 0.96 at 1.8 TeV. This problem is avoided
in the DL model by their introduction of 2 weak P-P cut, its strength is fixed so as to
reproduce the high t dip observed in elasic differential cross sections. This correction
extends considerably the energy range at which the DL model can be applied provided we
consider A as an effective parameter which should go down eventually. The net practical
result is that by confining our study only to total cross sections in the available energy
range, we are in no position to assess the importance of the screening corrections and the
scales at which they become appreciable. To attain this wider scope of investigation let
us turn to a discussion of some elastic and diffractive data and its interpratation.

Much of the information we are trying to get can be deduced from a close examination
of available data on 7& and Z:4. Without screening corrections we expect both ratioes to
grow indefenitely hke P dcnded by the appropriate slopes which behave as In(s). This
is, obviously, not a physical picture. ln a rather general formulation, Pump]m [9] has
suggested that -’-"—"—'”—“U- is bounded by 2 7 Indeed, once we eikonalize we get 22 — 1
wheras 4 — 0. The emerging picture is that we expact J¢- to start its nse behavmg
approximately as s and at the energy scale where screening becomes important to tempcr
its rise approaching } from below at exeedingly high energies. o, on the other hand, is
supposed to reach a mmmum at its screening scale after which’ 1t will start going down
becoming diminishingly small in the high energy limit. The relevant data is shown in
Fig. 1 with the highest data points at c.m. energy of 1.8 TeV [8,10]. The remarkable
conclusion we make, after inspecting these data, is that wheras we have not reached, as
yet, the screening scale corresponding to elasic jp scattering, the single diffraction scale
is considerably smaller at c.m. energies of about 50-100 GeV.

An additional source of interesting information is available by inspecting the ratio
between the forward single diffraction cross section at fixed M? and the corresponding

forward elastic cross section —ﬁ)ﬂ By virtue of the factorization theorem we expact

)l=0

in a simple Regge model that thxs ratio, being just the ratio of the relevant couplings to
aproach rather quickly a constant value. This constant behaviour should change into a
moderate increase if we chose to integrate over the diffractive mass. The introduction
of screening corrections diminishes the forward single diffraction cross section and as a
result we expact once again that the above ratio should reach a maximum at about the
diffraction screening scale after which it should go down rather rapidely. The data which
is shown in Fig. 2 supports this point of view. Moreover, the ratices presented in Fig. 1
and Fig. 2 peak at the same energy of 50-100 GeV as expacted.

The CDF experiment [8], which was carried out at c.m. energies of 546 and 1800 GeV,
conviniently enables us to examine the ratioes of the total, elastic and single diffraction
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cross sections. These are presented in Table II together with the theoretical expectations.
By using the data of a single experiment we avoid the need to compare the relative
normalisations and other algorithms used in the analysis of different experiments. The
data, as compared with a simple supercritical Pomeron model, showes again the inability
of the simple model to reproduce the energy dependence of the diffractive cross sections.
On the other hand, once screening corrections are included (through the eikonal sum)
a very reasonable reproduction of the experimental ratioes is attained. Some caution
should be applied when regarding these data points. There is a clear discrapency between
the 1800 GeV total cross section reported by the CDF [8] and the one reported by E710
[10] which is considerably lower. We have tried to overcome this difficulty by examining
the ratioes rather than the magnitudes of the cross sections of interest. Nevertheless, we
see that 8 A = 0.11 value is preffered on the DL value of A = 0.0808. Regardless of
this difficulty, I consider the diffractive cross section ratioes and magnitudes to be a very
gerious problem for supercritical Pomeron models without a severe unitary correction. DL
do not discuss diffraction dissociation in their publications. However, considering the fact
that their unitarity correction is very weak and thus their A is universal and fixed, I do
not beleive that in a model like theirs it is possible to ammend the problems we have just
encountered.

Table II. CDF cross section ratioes [fﬁ%] against the theoretical predictions

Supercritical [ Supercritical | Eikonal Eikonal
CDF Pomeron Pomeron model’ model
A = 0.0808 A =011 A=0.0808| A=0.11

e | 1.31 & 0.04 1.21 1.30 1.18 1.26
ou | 1.53 £ 0.075 1.36 1.57 " 1.30 148
o | 1.20 + 0.075 1.43 1.65 C1a1 1.33

A very exiting new window of information, through which we can re-assess our ideas on
Pomeron physics, has been opened recently when the second generation of HERA results
became available. Actually, we have two sources of new knowledge. To begin with, and
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as we have already noted, real photoproduction is the only channel, in addition to fp,
where our c.m. energies exceed 100 GeV. On a more profound level, a carefull study of
DIS and its Q? dependence reveals new information on the Pomeron and in particular the
dependence of a(0) on Q>

Clearly, a very important element in the DL model is the universality of A. Asis
evident from Ref. (1}, this is perfectly compatible with the available data on mp and
Kp total cross sections. Problem is that this data is confined to relatively low energies
where the Pomeron parameters can be checked for consistency but not be determined
independently. The analysis of the global data on otot(7p), including the HERA points
[3,4], are presently consistent with a wide range of choices. In particular, we specify
the DL value of A = 0.0808, as well as the excelent ALLM [11] reconstruction of the
potoproduction and DIS data which has A = 0.045. Obviously, this is just a reflection of
the fact that at present the systematic error on oy(yp) in the HERA measurements is
too big. This experimental deficiency should be ammended within the next year or so and
finally enable us yet another independent look at the behaviour of total cross sections.

Our discussion, thus far, was confined to soft processes, within the domains of conven-
tional Regge physics. In perturbative QCD & hard Pomeron can be percieved [12] through
the summation of gluon ladder diagrams. As a result one obtains a series of poles in the
complex j plane above unity. These poles sum to an effective A = %a,l‘nz We shall refer
%o this as the BFKL Pomeron. One of the more exciting observations established by the
HERA groups is that the proton structure function Fy(z, Q?) behaves in the exceedingly
small limit of x like z=7 with J =~ 0.30. This is remarkably close to the BFKL Pomeron
and very different from the Q% = 0 photoproduction results which are reproduced with the
soft Pomeron parameters. The transition from @2 = 0 to the high Q® domain has been
carefully studied by ALLM [11] in a dual model. Their results, which were subsequently
corroborated also by other studies, indicate a fairly rapid transition from the soft to the
hard domain taking place at Q? values of a few GeV?. This is shown in Fig. 3. To further
study the exact nature of this transition we need better data at moderate Q% which is not
available as yet. Nevertheless, the above observation, as such, invites some speculations.
We shall mention here just two possible explenations to this behaviour:

1) We have actually two Pomerons, a soft one and a hard one. Wheras the small Q?
data is dominated by the soft Pomeron the higher @Q* data is dominated by the BFKL
Pomeron. The net effect of the two contributions is shown in Fig. 3.

2) We have only a hard BFKL Pomeron which, due to its high A, receives very strong
unitarity corrections. These result in an effective low A observed in hadron-hadron and
photon-hadron reactions as we have seen above. However, for highly virtual photons those
corrections start to diminish at some moderate Q? values. Only preliminary attempts in
developing such a model have been undertaken thus far [5] and the idea seems to me
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intriguing enough to be persued furthermore.
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