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1. Introduction. 

The theoretical description of hadronic interactions at superhioh 

energies seems, at present, highly urgent, owinq, first of all. to the 

appearance of large number of new experimental data [1-4] . Those data can 

be divided into two groups: hadron-hadron and hadron-nucleus interactions. 

The former group fovolves data on pp-scattering on SPS [1,2] ; the latter 

one - data obtained with cosmic ray installations [3,4] . 

A problem arises as to describe correctly the data of both grouos in 

the framework of selfconsistent theoretical approach. 

It is known that all experimentally observed quantities at superhigh 

energies are described equally well in the Reggeon ·field theory (RFT) both 
~, 

with critical ( clp(OJ = 1 ) [s,6] and supercritic;al pomeron (.olp(O) >11 

(see, e.g. [7,8] ). On the other hand, the hadron-nucleus interactions can 

satisfactorily be described in'the multiple scattering theory (MST) [9]. 
/ 

It turned out that in the hadron-nucleus interactions at .such energies, 

a highly essential role belongs to the rate of the slope growth of diffract­

ion cone of the hadron-nucleus interaction. Corrections caused by the inelas 

tic screening and effects conditioned by a concrete setting-up of the expe­

riment, must also be taken into account. 
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The extraction of pp-scatterinq from the cosmic ray data. oPrf~rmed by 

standard methods. leads to unjustedly heightened cross sections of rm-inter-
9 action at the energies of "'10 GeV. A correct account of the rate of thP 

slope growth of the pp-interaction diffraction cone obtained in RFT as well 

as of its influence on the general pattern of interactions with nucleus 
dtot 

yield th~ values of 'Opp beino in good aoreement both with the exist-

ing experimental data and RFT with critical pomeron. Thus, for example, at 

9 6p-a•7: [ ] E ~ 10 GeV from the experimenta 1 value of pU>ct ~ 500 mb 4 in the 
l tot 

.standard method they obtained Opp z120 mb, whereas at the correct 
2 tot 

account of all the mentioned factors the extracted value of Opp proves 

to be ~ 90 mb, this being in sufficiently good agreement with the pre­

dictions of RFT with alp (0) • 1. 

2. Hadron-Hadron Interactions. 

In Ref. [6], they obtained a renorm~roup propagator of pomeron which 

worked equally well ~oth in the region of applicability of perturbation the­

ory and at asymptotically hiqh energies. The imaginary part of the amolitude 

with exchange of single renormalized critical pomeron had the following form: 

where 

i +£. _, (1) 
2 2 -c.,. - C/.2 -('f+C)X 

M(~,K )=9192 l(1+t)e (E0 ~) e F,~~)F2 (~,x), 

~=en (~0 ); K2 =-t 
'l: (hl) 

Eo = 16STd~ Co 1 

X is a new scale variable corresponding to the transferred momentum 
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9, and 

and cl 

X=ci~ K 2 efa.(1+c)(E0 )£: ~i·t , (2) 

'i}z are vertex functions of the coupling pomeron-oarticle, c 
2 . 

are critical indices of theory, "to is the bare three-oomeron 

vertex , cl~ 1s nonrenorma 11 zed s 1 ope of pomeron. F 1 ( ~) and F2 ( ~ , X) 
are new scale functions determining energy and t -dellf!ndence of ampli­

tude. All these quantities were defined theoretically and calculated in 

Ref. [6] . 

c • 0.555; cl "0.54; E0 • 11.12~. 

Substituting these numerical values into (1) and (2) we shall arrive, up to 
1:-2 2 the terms of the order of '::> and K , at the followino scale functions : 

F,(s) = 1+ 1,32 (1-0,02649 ~- 1 +0,ffB ~ --1 +0,432~-2, (3) 

Fz(tx)= f-K 2 3,219 ~ 1' 139 , (4) 

X = 0,407K 2 S 1,139. (6.,) 

Besides, taking into account that the threshold of sin,le pomeron production 

fs 50 • 2.5, we shall finally obtain for the imaginary part of the pole 

amplitude with single renormalized pomeron exchange the following expression 

M<1
)( t K2) = LJ3 ( t;)e-1<~a.tsJ F

2
(Lx), (6) 

where 

5 



a(~)= o 407 t:h139 
' ~ ' 

J3 ( 5) = g1 92 0,4 734 ~% F1 ( s). (7) 

This amplitude corresponds to a diagram of Fiq.1. The residues of ~1 and 

92 remain as the only free parameters of theory. 

Fig.2 shows the quasi-eikonal amplitude that contributes at low and 

high energies. At asymptotical energies, the amplitude of Fio .1 surv;ves, 
0.277 

which behaves as S . In the energy region we are interested i~, the 

amplitude of Ffg.2 makes a sufficiently qreat contribution and nrovtdes !T'llch 

more highe1· rate of qrowth of total cross sections of the order of S 2. 

Calculate the amplitude in Fiq.2. Its eikonal has the form 

C>Q 

x ( s.g): 2L ~Jo(Kg) M(j)( 5,K 2)KdK . 
0 

The total amplitude with account of all re-scatterfnqs will be written as 

"" 
M(tK 2)= f-f(g,5)Jo(Kg){;dg, 

0 

where 

_p 1 { c(~)'.l:.{g,~) , } r(g,5)=2Lc' e -1+x.(g,5)(c.-c(~» . 

In (10), c(~) 

shown in [10] , 

is the shower amplificaiton coefficient (SAC). As was 

SAC are functions of energy and transferred momentum. fn 

(Bl 

(9) 

(10) 

this work we use the dependence of SAC on ~ obtained in [10] and nealect 

its dependence on K 2. 

In the cas~ of NN-interaction we are interested in, the residues 
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91 = 92 z 9 were obtained in Ref. [10]. Sine(' r1e do not now consi'1er 

a detailed behaviour of differential cross sections, we nav assuMe g 
constant, being equal to 6.71. 

The derived tn (9) amplitude allows one to obtain prPdictions for tot~l 

cross sections and slopes of diffracti~n cones for op-scatterina. Jt is 

rather difficult to calculate differential cross sections. since that needs 

more precise infonnation on the function F<! ( ~,x) , which by itself is 

a highly complicated problem. 

The total cross sections derived by !"fans of amplitude (9) ~re shown 

in Fig.3. At low enernies they describe the existinq experimental ~ ' ~ : 

rather well. In the energy range from JSR to SPS the total cross s~ _ tions 

2 
grow as ~ ; at higher energies the rate of the cross section growth he-

comes slower and at asymptotfcs turns into ~ 0•277 

The gaps tn the energy range from !SR to SPS and hfaher fill the exoe­

rtmental points obtained tn cosmic ray installations [3,4] . These data are 

obtained from tne ;nvestfgatfon of interact;on of cosmic protons with the 

air nuclei. There arises a problem of a possihility of correct extraction 

of proton-proton interaction cross section from the cosmic data. Fio.3 

shows points extracted via the method described tn .detail tn the next 

section. 

Ffg.4 presents slopes of pp-scattering diffraction cone at ltl < n.n? . 

At low energies they describe the experiment well; at SPS enernies the 

agreement ts sufficiently good either. At asymptotic energies the slope 
1.139 

grows as ~ . 

Fig.5 presents the values 

persion relations. Fig.6 shows 

ci==ReM/.1mM 
'2 ef 2 d<l/T. 
O and O 

as calculated via dis-

for o~ - interactions as 

calculated by means of the standard method from SAC (see, e.o. [1n] ). All 
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the mentioned quantities describe rather well the existino exoerimental data 

at all the values of energy. 

3. Hadron-rlucl eus Interactions. 

To determine cross sections of proton-nucleus interaction, the methods 

of the multiple scattering theory were applied [9] . Here the fact was 

• taken into account that approximations usually used in this theorv 

~ r( 8- s)p(S, ~)d 2s ~p (l, ~) s r( g-s)d 2
s) 

~ / r(f- sJl 2p (s, r:Jd 2s "'p cf. 2> ~I r(f- s>/ 2
d 

2
s, 

where .P (g, r:) is single-particle nuclear density. r (f- s) is 

Fourier-transform of scatterin<i amplitude on a sinqle nucleon of nucleus, 

at the energies under consideration do not hold. (Physically. this imolies 

that the elementary interaction radius becomes c0!'1parable with the nucleus 

radius as the e~ergy grows). lience for the inelastic cross section of oroton­

nucleus interaction the following expression was obtained: 

) 
2

tot _ 

2 (O - ( 2 [ {~ r {-' 6-s1z} -- 2 
Opwd. - .)d 8 1-expA urs jexp ~ T(S)d s + (11) 

+If~~ (~~12 ~exp {-18g-s1z} T(s)dzs }] ' 

where ex P. { x} = ( 1 + ~)fl 
• 4 A 

.A is atomic number of nuclPus • 

Tes)= j.rcS,~Jdi!:. 
If we use the Gaussian par~metrization of sinqle-oarticle nuclear den-

n 

sity [11] , 

.A -'tz 

p ('t.) = -( ffl-YT-R-2)-3 e R' 

th~n expression (11) will turn into 

- ~M 2 
2< 0> J [ {-.flop,. {-B } 
Opwd. = 29T BdB 1-exei 91(26-t-Rz) exp 26+ Rz + 

0 

+ .A HPN (o)l
2 

x {- g
2 

}}] 
E2 g(e+W) e P t:;+R 2 

• 
(l ?) 

To describe more correctly the cross sections of proton-nucleus inter­

action, ft is necessary to take into account the correction due to inelastic 

channels (diffraction dissociation). According to [12] , this correction 

fs given by the following expression 

<n - d)_ 
~·n __ s -6pNT(6J 2 (-0 _ ( _ i)/ . -12 

LlOp~od. - 4sr e d BJ d M2dq,2 ~ -0; F (Ll,B) )( 

6tot 

( PN )2 2 
x 1- 4fi(g+g1) dM , (13) 

where 

F (Ll, B) = ~ e'Ll~.P( 8, i!)dr; ; 

M 2 -rn2
N 

[),,= -2i:.- is the mfnfmum lonqf tudinal momentum transfer in thP 

reaction NN-MX ; g1 is slope in the reaction NN-MX . ThF 
d 2•~ ,.,~ 

quantity Upzod = Opwd + /1 Opr.od represents total cross section o~ 

proton-nucleus interaction due to which at least one meson is produced 
2. : 2 tot ;> eE ,., ~el 

( Opwd O -o -o ). FiMll_y, ~ihen comparino the theoreti-
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cal predictions with the experimental data, one should take into account 

that in most cosmic ray experiments,particles losing eneroy lower than somt 

given one are not registered. Owinq to that, the cross section measured in 

such experin" nts must be somewhat less .nan c1e found quantity !Jpzod 

Sex p = Spzocl - LlD 

(A detailed analysis of the correction Lib is oiven in Ref. [12] ) . 

. g.7 presents now existinq experimental points [3,aJ attributed to 

6~ 6~ the air nuclei ( A= 14.4). The theoretical ~urve pzod + Ll pzod 

calculate according to (12) and (1 3) i s plotted throuoh these points. Notf 

t1at tne ~ J thors of [3] in their handling of the experimental datft used 

6~ e value Ll : 13 mb , whereas according to Ref. 12 at the ment-
. 6~ 1oned energies Li. ~ 15 t 16 mb . 

fig.8 shows the deoendence of e5pzod on atomic number of nucleus, 

calculated according to (11) and (13) with the use of Fermi distribution at 

~ 20 [1 3] for thf' nucleon-nuclear density, 

J ( e,) 
Po 

= 1+exp{~RJ 

Here the value of eneroy was chosen E : 109 GeV, this corresnondinn to 

the energy of initial cosmic protons at the "Fly's Eye" inst~llation [ 4] 

Fro"' the curve presentf'd, one can see that with increasinq the atomic num­

Ler the cross >ection benaves aoproximately by the law A~.f. ~ome increase 
. c P.R "' .A o, 7 

in the screeninn eftect (a t FNAL energies Upwd ) is due to 

the qrowth ot 00U1 Jiffract •r one slope and proton-nucleon cross section 

wh i ch at the mentione'i ~nr rqy were assumed equal to 28,Q GeV-2 and 82 mb. 

resrectivel 

in 

~ 

I 

In conclusion, the authors would like to express their 0rat1tude to 

A.Ts. Amatuni, S.R.Gevorkyan and S.G.Matinyan for the~r interest in the 

work and fruitful discussions. 
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f FIGURE CAPTIONS 

Fig.1. Amplitude with single renormalized pomeron exchange. 

Fig.2. Quasi-eikonal amplitude with renonnalized pomerons. 

Fig.3. pp-scatterinq total cross sections. 

Fiq.4. Slope of pp-scatterfnq diffraction cone at It I < ll."12. 

Fig.5. The ratio <X=ReM/JrnM forrp-sc~ttl'rino. 

Fig.6. Elastic cross section O eC and diffraction 

dissociation cross section for np-scatterinQ. 

Fig.7. The production cross section 
c P-a«t 
Upwd on the air nuclei. 

~~ 
Fig.8. The value of CJpuid for different nuclei 

at the energy E = 109 GeV . 
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