
HH.lleKC 3624 

I 

Q:dR-, 
EPEIAHCKHA Cl>H3HYECKHA MHCTHTYT 

Em-1-752(67)-84 

llLl 11 PAJlbllbl HAY4HO-HCCJ1EllOBATEJibCKHYI HHCTHTYT 

I ll111 11 TEXHHKO- 3KOHOMH4ECKHX HCcnEllOBAHHYI 

no ATOMHOYI HAYKE H TEXHHKE 

Sh . S . ERE~.AN, A.E.N~Zll ~Y M' 

DIFFERENTIAL CROSS SECTIONS OF pp-SCAITERIMG 

AT SUPERHIGH ENERGIES IN CRITICAL POMERON THEORY 

EPEBAH-1984 



© UeHTp&nbHbill HIY'IH<>-MCCM.AOUTeAloCKHll HHCTHTYT HH<j>opMal.lHH 

H TeXHHKO-HOllOll•feCIUIX MCCMAONHHll no ITOMHOll HayKe 
H ttXHNltC (UH•: HrroMMH$<1P"I 1984 

1. Introduction 

The Reggeon field theory (RFT) was originally fonnuiated in Pefs.(1-3] 

and developed in Refs.{4,5]. These works investigated the RFT fnfrared te­

haviour by the methods of renonngroup and E. -expansion. Pef. [t:l pointed 

out the importance of the account of the pomeron production thrPshcld 'er 

de:.._ribing the experimental data at average and high enerqies. !t w~s shc~·n 

in Refs.f7-l01 how to construct the renormalized RFT with respect to t~e 

thresholds directly at J) •2. 

The pomeron Green function obtai ned in these works proved to be very con­

venient to describe theoretically the hadronic interactions at suoerhiqh 

energies and was used [11,12] for describing the total cross sections, the 

diffraction cone slopes and the other experimental characteristics at very 

small transferred momenta of proton-proton and proton-nucleus interactions. 

The interest to description of differential cross sections at su perhigh 

energies has recently regenerated owing t o the new experimental da ta ( 13- 1 ~1 . 

In this paper we have carried out a description of the pp -scattering 

differential cross sections beginni ng wi t h 200 GeV up to SPS energy at the 

transferred momenta t-ll ~ 1.5 (GeV/c) 2 1n the model with a renormqroup 

crit~ c!!...~!'£.n [7 ::- t?1 . 
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Sec,2 we consider the Reggeon perturbati on t heory. It is shown that 

latter must descri be t he experimental 
data properly in the range 

oooo·GeV. At higher energies it is more reasonable 

onnal1zed pomeron whose description is a 

lysi s of the obta i ned results is given. 

subject of Sec.3 . 

to turn to re­

Ibidem the ana-

2. Reggeon Perturbation Theory with Respect to Thresholds 

n difference between RFT and all the other field theories {e.q. 

QED or QCD ) consi sts i n the fact that at any finite enerqy a finite number 
he 

of perturbation theory diagrams contributes to the scattering amolitude. This 

occurs due to the threshold energy, below which pOIT'eron simnly does not exist. 

A "ladder• diagram corresponds to pomeron in a simplest multiperioheral oic­

t ure . One may say that pomeron becomes pomeron only 1n case if this "1a<lt1Pr" 

as suff icient number of "steps" : The calculations show that pomeron is aene 

rated at energies of about 10 GeV . Hence the pomeron prorluction threshol d 

'\0~ 2.5 {where l::. J. n(S/$.)~ ~.· 1 GeV). 
Thus, we have tne perturbation theory on three-oorneron coupling constant 

is detennined by energy. For examr,le, 
i n which t he number of di agrams 

at energies ~ . < ~ < .2 ~o only 
the pole dia~ram of Fig.la together with 

i ts quasi-eikonal cuts can contribute to the amplitude {Fig.lb). 

At energies 1. ~. < ~ C:::... ~ ~o , besides a diagram of fiq.l, ~lso 
the half-enhanced diagrams of Fig.2 with their quasi-eikonal cuts will con-

tribute. 
At energies 3 :5 

0 
<. ~ <. 4 5

0 
also entirely enhanced diaor~ms besides 

pole and half-enhanced ones of Figs.1 and 2 will contribute. The number 
the 

increase sharply, and the amplitude takes the form 
of possible diagrams will 

shown in Fig.3. 
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One should add to diagrams of 1 •lJ . 3 al so asymmetric to them turned-over 

ones as well as the whole quasi-eikonal series constructed of such graohs. 

We can see the avalanche-type increase in the number of diagrams as energy 

grows. 

Though the number of the series terms is great up to energy ~ ~ 10 

E ~ 12 TeV), nevertheless there is a possibility to calculate their 

contributions analytically, eikonalize them and compare with the experimen­

tal data. All the calculations should be carried out with account of the 

fact that !;
0

,io and K2.J' O. 

One of the pleasant aspects of this theory is that at energies ~ C::. :J.. S0 

only the diagrams of Fig.l work, whose contributions were studied in detail 

in Ref. 17 . Therefore for further calculations one can use somewhat simpli­

fied residue functions obtained from the analysis of experimental data at 

low energies in [17J. 

Having calculated the contributions of all diagrarrs qiven in Fios.1-3 

with respect to the thresholds So , with the residue functions and shower 

amplification coefficients (SAC) for pp-scattering obtained in {17J, we shal~ 

coine to the pp-scattering total amplitude in the form o~ some rather cCIT'­

poond function which we shall not give here. Its peculiarity consists fn 

the fact that at ~o ~ S ..::.,t~o 1t has only the terms shown fn Ffa.l, 

while at ~ ~o ..:: ~ < ~~ only those shown in Figs .1 and 2 and so on. As 
0 

was shown fn Refs.[11,12], this amplitude describes perfectly all the expe-

rimental data at small ltl 1n the energy ranqe from 10 GeV to 10 TeY. At 

energies above 10 TeV we should have taken into account a larger set 

of new diagrams, the number of which is already very greet end the account 

of them results in too complicated calculations. 

But on the other hand, at such energies the number of workfng dia~rams 
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of perturbation theory becomes so large that it becomes possible to use the 

renonnalized propagator obtained in Refs.[9,101. 

3. Renonngroup Pomeron 

In Refs.[9,lOJ by means of the renormgroup techniques we have obtained 

a renormalized pomeron propagator in which the effects caused by 'g 0 ~ () 

were correctly taken into account. In [9J it was shown that exoansion of 

the renormgroup amplitude in the region S c:. 4 ~o describes exactly a 

contribution of the ~erturbation theory series as shown in Fiqs.1-3. In our 

further calculations we shall use the renormgroup amplitude asymptotic ex--
-2. 

pansion at ~-c::io conserving terms up to ~ • As was shown in ti2J, 
such an amplitude coincides exactly with the theoretically perturbat1ve 

amplitude at ~ ~ 3 ~o ( E "' 1 TeV) being in coincidence with it up 

to f:"' 10 TeV. 

The imaginary part of the amplitude with one renormalized critical pome-

ron will take the following form: c~ , ) COi. 1'J.. -(,,_ .. c. )( 

Im Mc~. "2.) = 3. q !., C/.t c i ( E. 5J fl ~(~)Ii (J(C",bl 
1<1,,_rcL .. rl 

where 

~:: .,e.,, ( .S/ .s .. J ; 
~ 

K =-t · } 

ri~ u .. -~J 
Eo= i614"ot: C.o 

)( is a new scale variable corresponding to transferred momentum. 

i. ol.c/J.. - c/4 i .. c/4 
')(-.:.Ol: \(. JL (i~C) ( E.,) S (2) 

9
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~ ~2. are the pomeron-particle coupling vertex functions, C. and ot 

are the cri t1 cal ind ices of theory, 'l.
0 

is the inou t three-pomeron vertex 

b 

~ 

,, 

0(: is nonrenonna11zed slope of pomeron. l='s. ('S) and ~ ( ~, x ) are 

scale functions defining the energy and + dependence of amplitude. All 

these quantities were defined theoretically and calculated in Refs.[10-12). 

c. • 0.555; c.o .. 0.1164; ex • o.54; E" • 0.123. 

The scale functions have the following fonns: 
-J../L -!. -}ft.. -l. 

!=: C~)= 1 + i. ?>.t 3 - o . ..t64~~ + o . .ua3 + D.t,~:I. ~ , (3) 

:t. i.J..~f 
Fi(~,)()= { - O. OS09 K ~ = .{- X/'6 

1 (4) 

)( = 0.~01-Kt.~L.U9 
( 5) 

Taking i nto account the production threshold of single pomeron f 
0 

•2.5, 

for tht i1111giMry part of the pole aiaplf tude with one renonnelf zed pomeron 

exchange we final ly obtain 
2. 

where 

Cll • - K ci_(~) 
I"" M ( ~ . 1/ ) = L f ( ~) JL F.t. ( ~ J x ) , 

i. !3!/ 
a c~' =- o.'<D~ 5 

c/1-r C''f.) .-= 3J. 3J. o. 4 734 5 ~ (~) 

This amplitude corresponds to the diagram of Fig.4. 

(6) 

(7) 

F1g.5 shows the quasi-e1ional a111plitude contributing at low and hfgh 

energies; 1t dies out at asymptotically high energies; only the Fig.4 ampli­

tude survives behaving as ~ 0.277. But in the energy region, we are in-
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~tee! 1n, the ampl1tude of F1g.5 makes sufficiently large contribution 
2. 

Hll pnwtdes h1gh rate of total cross sections growth of the order of ~ • 

s11lil1r calculation of the quasi-eikonal amplitude was done in 

~.[11.12). so we shall not present it here. 

Al .a shown in [ 17) , SAC are functions of energy and transferred mo­

..... ~ -dependence of SAC proved to be h1ghly essential for obtaining 

1 correct ~ -behaviour of total cross sections in the region 

8 ~ ~ ~ 15 in Refs. (11,121. t -dependence of SAC will allow one to 

obtain 1 correct behaviour of differential cross sections. 

tto.ever the question on real part of amplitude (6) remains open yet, 

s1nc:e RFT can give infonnatlon only on imaginary part of an amplftude. As 

WIS Shown by llelnS of the dispersion relations in Ref.[181, at t e 0 

ci C~.o) =- ~12. M (oJ ~ _i__ .z J .fo~ 
TM M(o} ~ ... - ro .. :'JJ £ ol~ ~ C'S) 

(8) 

at t -, O fn [1sJ and [191 it was shown that 

R~MC~,t)-=- o1.t'5,0J ft [ t lmMl+J]. (9) 

Rers.[11.121 have shown that the expression (8) agrees perfectly wfth all 

the 1Y11l1ble expert111ental data on rJ.. (~) • At E ~ 1000 GeV the per­

turtlltton theory fonrulae were used 1n which RJ2.. M (-#:) were calculated 

directly frOlll the signature factors. {te M (.f) obtained in this way 

agrees well 1n this region with the result derived from foMTa1l1 (g). 

The concrete calculations of pp-scatter1ng differential cross sections 

were carried out as follows: at E !S 1000 GeV the amp11tudes of pertur­

bat1on theory were used, at E:. "::> 1000 GeV already the qu111-e1konal re­

nonagroup amplitude from Eqs. (6), (8) and (9) was used. In botll c11es . ~ 
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and f dependent SACs from Ref. [11J were used. 

The results obtained from perturbation theory agree well with the re­

normgroup ones a 1 ready at E ..... 1000 GeV. 

The pp-scattering differential cross sections in the energy range frOlll 

if " 19.41 to V$' • 540 G~r and in the transferred momentum range 

O -!f !+I ~ 1.3 (GeV/c)
2 

are gtven tn Flg.6. It is seen from the f1gure 

that at low energies there 1s a good descr1ptfon up to !+I :S 2 GeV; w1th 

Increasing energy the cross sect1ons are described well up to the dio of 

differential cross sect1ons. Th1s Is explained by the fact that at low 

energies we used the theoretically perturbat1ve foM!allae with a compound 

residue function wh1ch described well the t -behaviour of cross sect1ons 

ever 1n Ref. [171. 

At higher energies we use already the renormgroup amplitude in wh1ch th~ 

1: -behav1our Is described by a compound funct1on of )( frOlll which we 

have taken only the f1rst expansion tenn in fon111la (4). Apparently, if we· 

take h1gher expansion terms, we shall be able to descr1be a region of largen 

It/ as well. 

We do not make such a task our aim, we simply w1sh to show that RFT 

w1th crit1cal pomeron 1s a completely self-consistent theory describ1ng 

correctly not only the region t • O [11,121, but also·such exper1menta1 

quant1ties as d.6 / J. f: . 

The authors are thankful to A.Ts.Amatun1 and S.6.Hat1nyan for stinulat­

ing d1scuss1ons. 
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I +~II::~~I 
a. b 

Fig.l Pole amplitude with quast-etkonal cuts. 

Ftg.2 Half-enhanced diagrams wtth quas1-e1kona1 cuts. 

Tn 

~J;:A·Iil 
·li·H·X·& 

Fig .3 Enhanced dtagr~11.~. 

Ftg.4 Amplitude with one renormalized pomeron. 

II 



~···~ 

. . . 
f~.5 Quasi-eikonal amplitude wi th renormalized pomerDn. 

,,. 

pp- PP 

H.7 

52.8 

t.5 

lt l ( GeV/c) 2 

F19.6 pp-scattering differential cross sections. 
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