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1. Introduction 

By virtue of the dispersion relations the ratio f= 
Ret='{i:::;O)lrmF-l~=O)for fo rwa r d i.e l a s t i c s c a t t-e r i n g amplitude is sensi

tive to energy dependence o f 6l~:t 

higher than -thatp is measured a t , 

ture of the pemeron. Namely, in the 

found/4/ to be a series of poles in 

at 

,"- J ~ 1+~ 

whi ch a c cumu l a t.e at J == f , rather than a s ingle s o Lat ed pole atí 

J. > 1 , s i-nc e long suppo s e d in Lhe conventional phenomeno l o gy vo f 

the diffractiori scattering o f -hadroTl5/ 6 / i 

Obviously, the higher the energy the 

butjo~ of the rightmost singularity in the 

EJ - f , so that the "ce n t e r of gravi t y " 

to' higher ci with rising -energ·y"). In r-ec e n t paperJ l/ by -t:he author; 

a s~rong evidence for the QCD 5uggesÍed asymptotics of p(p)p scatt~-

*) Retrospective view at OtotCp(P)p) v s , energy is ve ry instructive: 

6tot (pp) has been de c r e a s n.g at BNL-CERN' PS e ne r g i e s , wh i c h hasí 

been attributed 

still alive, at 

<:)tot(PP) 
11'0 se of OtD-t (PP} 
~ 

l criticaI p ome r on with
.,1. 

extrapolation of that 

the SppS data call for 

tD the secondary Regge poles. With secondary poles 

Serpukhov carne the first surprise~ flattening of 

(~=O), followed by a still bigger surprise-steep ri

from 

=: Im F" (I:: o) at e ne r g i e s 

QCD predicts a ve ry s pe c i f i c s t r uc 

perturbative QCD pumeron was 

the complex a n.gu l a r momentum plane 

bigger is a relative contri

j" -p.l arre , wh í cfi rises Lí ke 

ofLipatov'5 pomeron moves 

Se rpukho v to ISR - ,. wh i ch gave rise to a super

intercept 6 = j.-I =: D.07/ 6 / . However, as an 

fit up to SppS grossly underestimates Õtot(PP), 

still bigger Â. 

Otr})CllbdtUth.cs EHCnrryrI 
In~~E~X BLC~e~Dn!Hai 

I:.Me::.. n6..,o-"'''-r-1.I A. 



ríng has been inferred from an analysis of the Akeno/ 2/ and FIy's Ey/5/ 

data on absorption ~f the superhigh energy cosmic rays in the Earth 

atmosphere. The corollary of this analysis was a prediction of still 

steeper r i s e of (pp) bey on d. iS =1 TeV. Typical pred-iction forÓ t o t 
'I'eva t r on , VS =1.6 TéV.. is 6 t o t {f'> p ) = 8-0-90 mb/ 

l/. 

Obvi ou s l y , the s t e epe r the r i s e o f Gtot(Pp), the b í gge r , and 

positive, is J?pp. In this paper we present predictions of Lipatov's 
QCD pomeron/ 4/ for the phase of pp forward scattering amplitude at 

SppS - Tevatron and beyond. Our principal conclusion is that recent 

finding/ 5/that fpp = +0.24tO.64 at ;5=540 GeV is still another evi

dence for the QCD pomeron. 

2. QCD pomeron and its unitarization 

The lowest order, two-gluon exchange, QCD perturbation diagram 

cor.r e s pond s to a fixed singulari t y at j =1 and con s't arrt q t o t : ,Re-
mar kab l y , it r ep r oduc es wel1 the ab so l u t e value o f in NN,9fN andÓ t ot 
KN scattering at moderate energies/?/. The higheF order QCl). perturbation 

t he or y d i a gr ams give r i s e to po Les a t 1 ~ j ~ I + ~ " which accumulate 
at j=l. As t, is exp-lained ab e ve , relative contributions of d f f e r en tí í 

vales depend on energy as exp['(j-l)} , where ,= lnEs/s o) - ifjf/2, 

&= 2 mpE, 50 =1 EGeV/c}2. 
A crude approximation to a complete- QCD phenomenology of the 50ft 

hadronic sGattering at high energy is a two-pole pomeron exchange am

p l t t.ud e : 

lei j ==: ~ n2G Cf) ,,+ i hp (~) exp:ff).' - ~'f,2 ] . (1) 

Here h li) and hL' li) are residues of the t wo- gluon exchange and2 G 
of the effective singularity at j - 1 = ~,>o. Lipatov's QCD pomeron 

pos~esses spec.ific conformaI proper.~ies in the ~mpact parameter space, 
and the residues are basically determined by the quark wave functions 

of the -c o Ll Ldi.ng ha d r on s . In view of that, hZG(~) and hIP (~) are 

expected to have similar i-dependence, so that we simply put 

(2)
h2G(~JR= - CiJftSf. 
hp{~) 

In the conventional single-pole modeI /6/ the intercept ~defined
 
as D.":. ti {tt,!(', l{. = o)!d~ is a con s t an t , The two-pole app r ox mat
í í > 

on (1) r e su l t s in 6ef~ = Ã/(1 + Rexpl-A,J), which r i s e s wi th ene r gy , 

what is a major novel feature of the QCD pomeron. 

2 

Regarding h2 GCf.), i t can be computed explici tly/ 7/ and gives 

a cor r e ct magnitude' of the diffraction s l ope , In approximation(l), 

where 2G and J1? t e r ms do r a t he r comprise in the j - plane, we use 

simple Gaussian pa r ame t r i za t on h2G (i) = <52Gexp (-i 8 ij2).í 

0 

The resulting partial wave amplitude in the impact parameter
 
rep-resentation
 

U(b) = - ift:~ 1(~)~Xf(-:i b) = (3) 

l 1 (- ~2) f (2)(p(A'J) (- J{2)11
Ó2G Tlii80 exp - 28

0 
+ R ~ exp -2B r.f >

lP 

wh~e Bp = 8 + 2- oi}, , ' overshoots the uni t a r ty bourid
0

í 

U(f;)~ 1. at high erie r gí e s , when Ó!» 1. The uni t a r i ty is 
restored summing up the eikonal s-channel multipomeron diagrams: 

(4)f(h) = 1- exp (-U(b)J. 

The complete unitarized amplitude i5 affected by inelastic sha

dowing (IS) coming from the diffraction dissociation (DD) transitions 

like h - h* - h . A convenient approach to lS is a met hod of 
the diffraction scattering eigenstates (DSE) which can be summarized 

as follows/ 8/; Diffraction jcatterin~ eigenstates t~ > do diagonalize 

the diffract ion ampl i tude F: <pl Fi o( >= Fo( ào(' fi>' The real ha dr on s , 
the mass matrix eigenstates, are superpositions of D5E; 

Jh>::::; ~ C~ Ioi >, s a t h a t 

<hIFIh> :=:. 2"\ c; 1'2 Fo( (i:) == <Fo(b»= (5) 
o< 

1 - (exp [-Uo( (b)] >. 
A more realistic model should allow for DD of both the projectile 

and target. In view of factorization of residues, one can write 

U,x f.> CC) = o< ~ lA (];) , where o( CJ3) are relative residu

es of lol> lj3> s c a t t e r i n g , normalized by (oi> = <ft» = 1. 
Then, the net result of 15 is that »-pomeron exchange amplitude will 

be enchanced by a f ac t or <eX li> <fi Y> , where 

<~l» = «1+ ~O()V> :::: 
(6) 

1+ 2~ v(v-1 J(Ócl. 2>+ f V(V-1 )(V-2)(óo<3) + .•• 

3 
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One can relate <6. r::1 2 > to the inclusive forward DD cross section: 

d6DD J JdH2. ri e5:b1>J 
cll dMa. t =0 d t t=O	 (7) 

ttrc <6: (I + r,,2) > i<ÓDt (1- ~~) >1'=) . 
v J

We notice	 that <Ãol >is an energy-independent factor. In what 
. 2	 2

follows we only retain terms - <Ôof	 >' borrowing <601 >=0.35 
from an analysis/ 9/. 

3. Total cross section and ~p at superhigh energies 

We have fitted the accelarator data on <5 t o t (pp) and pp diffrac


tion slope at ltl =0.02 (GeV/c)2 above E=IOO GeV, including the
 

SjipS da tal 10/, adding in t h e Regge term GR / rs on top of the pome


rDn cross section. We have assumed the conventional Regge-like vani

s h i ng L\õ to t = Õ to t (p p) - \ Gto t ( pp ) = 7O S- O. 56 fib, s o t ha t a t
 

SppS and beyond C5tot(pP)= éJtot(pp). The fitted parameters are ci 

ted in the Table.
 

T'ab I.e ,	 Sets of fitted parameters of the ba r e QCD pomeron
 

at different choices of the ratio R and intercept 1+6
 

cJ-'8 0	 6R<326	 P -2
R {). -mh (GeV/c)2 (GeV/c) mb 

3f> 0.32 4,,'\ . 7 10. 15 O. 105 8.3 

8 0.22 37.9 9.88 O. 132 31.5 

O O. 0~7 28. /) 8.87 O. 141 65.0 

*)This	 entry fo~ the single-pole fit is the residue of the pole at 

j = I + A 
I 

R and /). are very strongly correlated and cannot be f i xed uni que l y , ,~ 
R - ~ correlation is shown in Fig.l.The entries .in the Table correspond 

to fits with fixed R. ~J 

The re su I t ing .pr e d i c t ions 
0.3 for é5t o t (pP) are shown in Fig.2. 

The Akeno /2/ and Fly.s Eye/ 3/ 

Q2 data points, plotted in Fig.2, we
~ 

Te obtained by ~s in Ref.l. W~ 

0.1 warn the readers that the often 

quoted in the literature previous 

determinations of (5tot(PP) fromO
 
F i g. l.
 the cosmic ray data /2,3/ on 

,"U \)abs(pAir) are quite wrong (for 
on more details see Ref.l). The cos

mic ray data do obviously favour high - ~ fits with 6. 90.2. 

300 
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9 Akeno
 

(> Fly's 'Eye
 

R 6


O 0.1
 

8	 0.22 
36	 0.32 

. 2	 4 6 8 10 19f . 

Fig.2.	 The energy dependcnce af the pp total 

c ro s s s ec t i on ver S li S IJ.. - - R= 36 , 6. =O. 32 ; 

---- R=8, A=O.22; ······-R=O, A=O.097. Shown 

are also the values of pp tot~l cross section 

determined from the Akeno-Fly,s Eye data on 

()abs(pAir) and the fitted acceleratar data 

on Ôtot(PP). 

In order to fit the FNAL-SPS-ISR-SppS data on 6 t o t (pP) in t he 

single-pole, R=D, approximation one needs A =0.097(see the Table) v~. 

Â=D.D7 fit to the FNAL-SPS-ISR energy range, but even so enlarged 

~=D.097 grossly undershoots the cosmic ray data /2,3/. 
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One could constrain ti .much better at Tevatron. Our prediction 

for e)tot(PP) V5-. ~ at Tevatro~, ~=1,6 TeV, is shown in Fig.3. 

100 .....• --------, The future test of the QCD pomeron 

is provided by the phase of the forwardvs=1.6TeVã: 
scattering amplitude. Namely, the stee.9:.D 

2 E per the rise of e5 (pp ) , the biggert ot
 
80
 

\O 
and positive, is JPpp. Our predictions 

for C5 pP and fpp at ISR and beyond 
are presented in Fig.4. Here we have 

included the terms f R coming from the 
60' I	 I I I I,' crossing-odd difference of c?tot (pp)

.1 .2 .3 
6. and Ótot(pp).
 

Fig.3. Predictions of
 
pR __ ÓRIB

the pp total 
JPP -	 (8)cross section 6io t 

at the Fermilab OA __ AGie't+GR/J5 

collider. ) pp - 6b,t: 

Q2 

0.1 
p 

0.1 

, I """,. "1' •• ,'" 1««' ,"'t' " 11"-0.2
fi (GeV) 102 

1~ 104 

Fig.4. 

The energy dependence of the ratio ?= ReF(t=O)/Im F(t=O) 

for the forward elastic scattering amplitudes for pp 
(solid curve) and pp (dashed curve) scattering. For the le
gend of the curves see fig.2.Shown also are the data/ 5,11/., 

,The single pole fit, R=O, predicts ppp=o.12 a t JS =540 GeV, 

half of the experimental value 0_ = 0.24 /5/. Lipatov'QCD pomeronJ pp 

6 

o -pp 
.-pp 
.-SppS 

A 
0.32 

0.091 

R 
<> - 36 
D - O 

1I 
l' pr ed c t s p_ =0.16 wi t h R=8, 6=0.22 to 0_ =0.21 wi t h R=36, ír pp )pp

I'I ~ ~ =0.32. We conclude t ha t recent data on p_ do corroborate c ori. pp
I clusion/ l/ on a steep rise of ~P total cross section and, consequent-

r ly, QCD suggested asymptotics of the diffraction scatt~ring of hadrons. 

i One more comment on ~P is in order. QCD pomeron predicts slow;1 

l"

i nc r e a se of f'pp by l:!. r=O.01-.0.02 fronr V5=54D GeV at SppS to
 

J5=1.6 TeV at Tev.atrorr.
 

Our approac~ was a c~nservative one, assuming the conventiQnal 

li' Regge-like vanishing difference of pp and pp total cross sections.
 
, 

The novel feature of QCD is a possibility of the so-called odderon,
 

i the crossin~-odd singularity at j=1/12/. Such an odderon might give
 
11
 a norrv an i s h i ng c orrt r í but i on to f and fpp., pa.r t i cu l a r i Ly to ftJp 

- Ppp' However, according to the-
pp 
pertuFbatíve QCD es-timations 113/ , 

o dde r cn i s. residue at t=O is nume r í c a Ll y ve ry smal1 arrd the od-deron can 

safely be neglected for purposes of the present analysis. 
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.KoIIe.rUlOBH~ E.3., HHKOJIaeB H.H.,IloTaWHHKOBa H.K. E2-B7-918 
Tlossepon Jlanaroaa B KXJl H nanaue SppS 
KOJIJIaH;B;epa gJIH <pa3bI ynpyroro Pp paCCeHHHH 

AHaJIH3 / 11 zramrsrx KOCMHqeCKHX JIyqe~/2,31 no <T abs CP Ai r) 
npHBen_K SaKJIlOqeHHIO o GbICTpOM poc-re a to t Cpp) npn 3HeprHHX" 
BbIIIIe ,I S = 1 T3B; qTO xopomo cor-nacye'rca c npezrcxaaaaaaxa .. 
CXeMbI noxepona :Jlarra-roaa B KX.Q 14/. GbICTpbIH pOCT a to t Cpp) 
npHBogHT K GOJIbWOH <pa3e aMnITHTygw pacceHHHH Bnepeg, KOTO
paH xopowo corJIacyeTcH c pe3YJIbTaTaMH HegaBHHx H3Mepe
HHH /51 P = Re F Ct =0) 11m Ct =0) npn ,1"8- = 540 f3B. CAe
JIaHbI npencxasaaaa gJIH 3HeprHH 'I'eaarpoaa ,/-;g= 1,6 T3B: 
a i pp)=80 + 90 MGH, o; :: 0,2.to pp 

Paõora BbInOJIHeHa B Jlaõ opa'ropna anepasrx np06JIeM OHHH. 

Iípenpaar 061>.~):UlHeliHOrOHHCTHTyra R.u.ePHhIX HC'CJIe.u.oBaHHH. )ly6Ha 1987 
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Kopeliovich B.Z.,Nikolaev N.N.,Potashnikova I.K.E2-87-918 
Lí.patov ' s QCD Pomeron and SppS Data 
on the Phase of PP Elastic Scattering 

An analysis /11 of the cosmic ray data / 2•3 1 on 
a b (p áír ) has lead to the conc1usion that a to t (pp) rises 
s~e:ply beyond Js = 1 TeV, which nicely agrees with pre
dictions of Lipatov's QCD pomeron/ 41 • A large, positive, 
phase of the forward pp scattering amplitude implied by 
this rapid rise of a~t Cpp)) is shown to fit perfectly 
recent SppS data / 51 _on Ppp = ReFppCt =O)/lmFppC~ =0). 
Predictions for a'tot~PP) and Ppp at Tevatron, ,/s=l.ó TeV, 
are presented: a to t (pp) = 80 +90 rnb, Ppp :::: 0.2. 

The investigation has been performed at the Labora
tory of Nuclear Problems, JINR. 
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