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1. INTRODUCTION. THE SUPERCRITICAL POMERON\ .. 

fI The high-energy behaviour of the hadron-hadron scattering < 

amp+itudes ia governed by their j - plane singularitiaa. The conven1: 
tional attitude is that a rise of Gtot(pp) -implies that the pomeron

:1 n? 1a the single Bupercritical pale with the j - plane trajectory
IIII 
I • _) (~2)	 1-.<,

~=- O(.lP 'L ~ i + ~ - o{I?' q,.	 (1)

I 
Tha ona-pomer-on exchange give,s the bar-e amplitude (normalizat'ion 1's 
such that c;tot =' I~ ~,(O) )' 

I"I J 1P (<{) ~ t h-JP (t)' (,Xp [L\'~ - oi ~. S.'t~ 1. (2) 

'.' -l'- Her-a et is 'bhe momentua transferI '.s = {n,(SiSo) - i.O/:{. , s =~rnpE, 
50 =1 (GeV!c)2 ; the residue n.jp CZ{) is u.sually parametrized as 

h, lP CCi:) == lI? (o)· ~x p[- ~ B~' t ~ ]	 (3) 

We remind that the supercritical pomeron was first proposed 1) to 
11	 fit a steep rise of the p-p total cross section encountered at ISR. 

A f H to th~ " Serpukhov - Fermilab - ISR data on 6 tot(pP) and the 
diffraction cone slope B had resulted in ~ = 0.07 • An extrapop 
lation of that fit u.p to the SppS collider energy " ~= 540 GeV and 
ts = 900 GeV gave <Otot(pP) = 57 mb and 59 mb 1) ,2), well be Low 
the exper-í menbaL data of 6l.9! 1.5 mb 3) and 661: 2 mb 4), respec

&sd~"'~
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tively. In order to interoept the SppS data poãnts one needs a = 
0.12 5) ( see below~ Seo~on 4 ) • A general trend i5 that the higher 
the energy E. the steeper the rise of ~tot()p). Still more 
evidenoe for that comes from tlle recent Akeno 6 and Flyfs Eya 7} 

data on absorption of tne cosmio r~y protons in air. 

The purpose of this paper is to demonstrate tnat suoh a behavio~ 

of 6'tot{PP) nicel'y fits the pattern suggested by Quantum Chromo
nynamioa. Our major taak was an aoourate determination of ~tot(pp) 

from the extensiv~ a1r shower data 6),7) • ~ur prinoipal findings are2 

i) The Akeno - Fly's Ey~ data imply, at E =108
- 109 G~V, 

6 t ot (pp } = 160 - 200 mb . (4} 

The Dften quoted determination~ 7}~8) ,~tot(PP) 120 mb, from theg 

FlY~5 Eye data 7) are erroneoua and should be disoarded. 

1i) -only the QCD scenario in whioh the two-gluon exchange , ~ = O , 
dominance in ~tot(pp) at moderate energias is Buperseded by a 
domf.nance ~f a series "9) of po.Les Vfith -Ô > O , is oone1atent with 
the observed pattern of the rise of ~tot{pp). The reault (4) 

corresponds to 

(5)A8ff =0.25 - -0.35 

at E 108 _ 1~9 GeV • If taken literally, the Akono data 6)'dD even 

suggest A af!;> 0.35 • 

It ia worth while to reca11 that the first evidenoe for a rapid 
rise of 6 (pp ) was iriferred from an analysis 10) of the cosmic ray

t ot 
data on 6 abs (PAi r ) • 

Our further presentation will be as follows: In Section 2 we 
describe the QCD suggested model of the pomeron. In Seotion 3 we 
discuss the diffraction dissociati~n and inelastio shadowing. Tha QCD 
suggested asymptotias of the proton - proton scattering and fits to 
the ~ccelerator data ara presented in Section 4 • In Seotion 5 we 
discuss a calculation of the proton-nucleus oross seotions 8nd conver-, 
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sion of .6 abs(PAir) into ~ in(PP) and 6 t ot (pp ) . In- Section 6 

we c-omment oD.~violations 01' the acaling of the fragmentation s~ectra 

in p-p and p~air inelastic collisions~ In the final secti6n we 
summ.ari~e our principal 'conclusions. 

2. THE POMERON IN QCD 

In QCD tne pomeron is generated by' exchange by glueballs - the 
bound states of gIuons - in the t - channel • The 10west order, 
two-gluon exchange diagram gives the constant cross section ( fixed 
pole at j = 1 ), which nicely reproduces the hadron - nucleon 
total cross sectiohs at moderate energies 11). The higher order 
perturbation theory diagrams give rise tro a series of poles with 

1 < j -c 1 + À ,which accumulate at j = 1 , rather than a 
simple isolated pole ?). At large ~~, in the perturbative regime 
of oJ..,s ("t..2-)« I (hereafter ~.s( er-,z) ia. the atr ong interaotion 
coupling}, ,j - 1 IV ots c.et.~) . Anyway~ tue fixe~~ole at j = 1 
ia expec bad to take over the moving poles at larga cc, ,where 
~i:'(t)<1 ,_ Le •• at 

I-'J.:t-
6.!oJ..JP' (6)LL ?v 

12)This qualitative prediction of QCD theory of the pomeron ia 
nicely eonf1rmed by the experimental data ou the meson-nucleon elas
tic scattering. whf.ch exl1ibit the conventi.onal Regge shriD.ka.ge at 10w 
It~ = q:-Z(Fig.la), that disappears at ltt ~0.8 (GeV/c)2 (Fi-g.lb). 
Besides, the lCN and KN differential croas sections coincide at 
large It I (' the 2G-exchanga conbr-í.but on to the large- \tl elastioí 

scattering amplitude dçes not depend on the meson's form factor ). 
Furthermor~, the ~arge-Itl data on l[.N and KN elastic scattering

-8 14)do nicely follow the <t, law suggested by the 2G-exchange
( if the nucleon's difactor has a weak 9L~-dependence) (Fig.2) • 

.3 



""0 4 '	 I 

" 13.• ~c X·p 
• 1).8~V{C l"p 
G U70cev/c K"p'~,10 4 o lOOoe-/e T1'p _

10-~....1
~ ""~.,
" ~ 

"'-~" 
~~.~I~ -{"'f 

"'~l 
1.1/1lo' n'p	 ~~':<'" 

...... %I~. 
u \(l~~ 1 I'\'H... 

a)	 o Õ I 
b) 

lotl ! ._~ o	 j ~ J ~ S • ~ ~
 
.t (,.v/c)· t>.111 ..........
 4 L 4 I 

1 .Ü '" ,.• ~ l.r~O 
. t (Cf"/C)· 

The energy dependence of the differential cross section of 
~N and KN elastic scattering at low (a) and high (b) 
momentum tranafer 13) o Notice the energy independ~nce and 
equality of ~ and KN cross sections at large Itl o 

Figol 

.,-p Yet there are no simple preacrip
10' ~' •••_.". 

t10ns how to extrapolate the pertur....,
10' ...~ bation theory resu.lta from the per.;..-. 

! 
~ -t'~	 2'o· turbative region of q,. /" 1 (GeV/c) , 

~ 
10·f ot.sCi~.)« 1 ,	 into the diffraction 

-~ 2-cone ragion of t-« 1 (GeV/c) o 
None the les8. the fundamentaIs of 

~ 10- 1 

0.1 1.0	 0.1 1·0 the ultimate QCD phenomenology of 
the diffraction scattering of hadrona10 l-. K"p I '0 ' j- K-p

' 

are fairly obviouao 

Namely, as energy goes up, the 
higher and still higher order 

'\.i'~',r:>~\ 
.o' 

,::, perturbation theory diagrams come 
in, so that a dominance of the 2G

....L exchange and the constant crosso I 100.1 10 

-t ((;eV\1.	 section are superseded by the rising 
contributions, (Ô-t-o-t'" E 

Ô. 
,of poles 

-P'ig.2 - Tb.e onset of the Q,CD to the ri~ht of j = 1 • The higher 
law '\.,-8 in the 1[N the energy, the larger the relative 
and '~N eiastic contribution of the rightmost ~ole, 

scattaring at larga so that b ef :! ia predicted to rise 
momentum tranafer 1lf). 

-t (o.v)' 

with energy and tnen saturateo 

.. 

A crude approx1mat1on to a complete QCD phenomenology of the 
hadronic h1gh-energy scrattering isca substitution of (1) by the 
two-pole amplitude 

.s ('í) ~ ~ ~c2,G-(f) + L l[pCCi)' ~J(r ín·S- J~. ~. C[,'-] . (7) 

He~ we nave axp1i~itly isolated the 2G-exchange contribution which 
dominates at moderate energies, whereas the second term is a repre
sentative of poles to the right o~ 'j = 1 o 

The residue of the 2G-amplitude can explicitly be computed: 

. ~ -...,	 [ -:to {~~) 1 
~ (~_ \bJ.~ o\~ b.. J ti)-] (R. + 2f q.. 

(8) 
:l." 'j)- 3" '" [ Cit +nft- rn~ 1· ((~ -pt)'~. +Y"~J 

:r) 'h (-;t \ .....t)Hera v ("i and.JI R +1\t are the single-quark ( the charge form 
factor ) and two-quark vertex functions of the proton J m i5 anG 
effective mass of the gluon. Eqo(8) gives the right value af the p-p 
slope, for our purposes it is sufficient to use as an input the 
Gaussi.an approximation h 2G<Gt) = 6 2G ·I{.)l'PL-i Bol~J ,what 
greatly simplifies the further analysiso 

In view of the conformaI properties of the Q,CD pomeron alI the 
residues are basically determined by the quark wave functions of t he 

interacting hadrons. so that one should not expect <tr) andh2G
h.-p ({) to exhibi t significantly distinct {~-dependenceo In view 

of that, and in order to reduce the number of the free parameters, 
we suppoae that 

R = ·h,.2G(i)/ ~1P CC{,) const .	 (9) 

The experimental data suggest R» 1 • We have no obvious 
arguments in favoQL' of that avart from the above mentioned perturba
tion theory considerations. Lipatov's Q,CD pomeron possesses, in the 
weak coupling regime, a conformal symmetry in tue impact parameter 
space 9). 50 that narvely alI the poles might have comparable 
residues. Yet, accumulation of poles at j =1 suggests an enhance
me~t of the j = 1 component af the cross section. Anyway, we have 
to live to the fact that at moderate energies the 2G-exChange 
contribution perfectly reproduces the total cross sections 11),15), 
the relative magnitude of the diffraction dissociation cross section 
and the diffraction cone slopes, including their t-dependence 15). 
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Finally, in toe impaot parameter representation, the amplitude 
(7)	 is 

j(b)=,-i.. r c\2.i 'Q..)(p[-i~tliO[,)= 
.t ,) @iC)~ v 

[{ r b-t] i -{ r b~ ]( (10) 
= c~6' L"Iltll,o· (.~F L- J/..Bo + fC 'ljll:B~ .q.xp -Jt~ r 

woere 

=. t\ + ~~íP' S,	 (11)BlP	 
I 

3.	 THE s-CHANNEL UNITARIZATION, DIFFRACTION DISSOCIATION AND 
INELASTIC SHAD0W::NG 

Toe amplitude (7j, (10) as well as (1) oversuoots, at higu 
energy, toe unitarity bound ~ Cf;,) ~ 1 • The unitarity Ls reatored 
after aumming up the eikonal s-channel diagramas 

F Cb) = i - V-)(P [- 1(b)1.	 (12) 

Toe complete unitarized amplitude dependa on toe inelaatio 
soado~ing (IS) - the result of a presence of the diffraction disso
oiation (DD) , h-;l> h.,'*' " a Longa í.de tne .elastio acattering h-~ h.. • 
For our purpoaea it is vital to have a unique description of IS both 
in toe p-p and p-A soattering. We shall rely upon the method of 
tue diffraotion scattering eigenstataa (DSE), first applied to tae 
p-A total oross aQotions in Ref. 16) ( see also 17) ). 

Diffraotlon scattering eigenstates \dl> are tae set of eigen
~	 ~. 

atates of tha matrlx F of toe diffraction amplitudea : <f' \F Id-.> = 
Fol.· b.J..~ • A relationship (12) between bhe bare and unitarized 
amplitudes is, theu, retained for tue DSE amplitudes. The real 
hadrons are superpositions of DSE, 

h, 
\ h..").::: ..2: c.ol..,' ol '> (13) 

cA... 

and 
F (6) ~ < h,I FIh.,> = ~ \ Cl' \~ Fo( ( b) = 

;:: < F.J. O~~) > =. i. - <~)(f [ - ld.. (b) ] >. (14) 
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Henceforto, the right way of unitarization is, first, to sum up all 
the eikonal diagrama and, then, to take toe average (14), rãtoer tha~ 

to- averaGs first the bare amplitude (e í.konaL) jet)_= <' 1cA. (6»,. and , 
then, to sum up toa eikonal diagrams wito t hds j (h) as an input • 
The difference between toe naive amplitude (12) and (14) ia called 
toe inelastie shadowing correction. 

The-problem of finding an expliait set oí DSE ia not yet solvad. 
We shall expose the role of 15 using aome modela. 

The simplest option ia the ao-called quasieikonal model 1),2);5) 
(QEM) of the two eigenstates of whico one, witn the weigh~ ~ 

1 - l/C , has a varrí.sh í.ng cross section (t~le passiva. state). Toen 

F.cC)= ~ ii-Ur[-C.~(~J	 (lS) 

and the opacity s~turates at ~ Cb) » 1 , but at the grey dí.sc 
limita In toe original formulation of the model C is an energy
independent constant, 60 that if taken literally, QEM ia already in 
confiict with an evidence 18) for an onaet of toe black disk limit ' 
at SppS. 

Anotoer option is the QCD 2G-exchange amplitude. Here the rela
tive separation of the constituant quarks, -p ,is frozen in toe 
scattering proaess and is the eigenva1ue parameter. In view of toe 
colour cancellations, toe meson-nucleon scattering amplitude will be 

-o?. 19)proportional t0.f ' 

-<
J-lb) ~ .r. \(b) (16) 

f <~~? 
wito the meson's wave function being the weight functioDZ 

~ ~ ~	 e~ 
~ Cp l ~ IY-'L (p) I- = ~-~~l :y.p r--, --J~ l. (17). 1C....) '" ) Jr<f » <f:/ JI 

Toen, the expectation value (14) ia 

:! lb)F Cb) ~	 (18)
1-~j(b) 

Though being of different funotional form, both (18) and (14) are 
~ 

broadly aLí.ke ,as they exhibit toe black.disc limit at '5 (b »>1 • 
Incidentally, ·the amplitude (16) does also have the paas~ve compo-,

2... ' 
nent, ~ ~ _O , but its .relative weí.ghb. vanishes with energy. 

A more realistic model ~hould allow for DD of boto the target 
and projectile. In view of tua factorization property of the residues 
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one	 can write 

~~r-{b)= J.'f'J(b).	 -(19) 

Hera the subscripts ol .and f in the l.h.s. of Eq.(19) refer to 
the eigenstates \ol. '> and I f->"'> of tb.e projectile and target. 
wb.ereas the coefficients e:k. and ~ in the r.b..s. of Eq.(19) 
stand for the relative residues witn the normalization <'o(> =<f»= 1, 
so ;that <<101,,~{b)>>= 5 (6). We have neglected here variationsof 
bhe s'Lope Bol....~ • Then the V -fold scattering amplit~de will be 

proporti-onal t-o <cÀV '> <f'" > • where 

<op» = K =. "" (.1 + f:,.cJ..)v> v 
(20) 

:::: i	 + ~! V (v-1)'< ~~~> +- ~~ v(V-i) (v-.2.-) <ô.d..~/ + ... 

An expansi~n for the DD cross section ~DD st~rts with tae 
<Ad....~> termo. Since ~ DD «~el • tb.en <'&1...2."> is a small parameter 
and , for beginners, it is sufficient to only keep terms ~ < óc:J...~>. 
Then one can evaluate </i,c:J....:t> from the inclusive" fo:t'W'ard diffraction 
dissociation of the projectile, which can be "estimated 17) putting 

j->= 1 I 

0rdM.'l, J~J>J>= <'::;(4-1 p;).> -(<G"oI. (1.- Lfoi.»l~.lª,l).Dj = J Ji: ~M~	 i6lC ' (21)
~+ t-:::O 

where 

~ol.. ({-"l?d.) ~ '-- ~J~b 301. (b)	 {22) 

and ~~ and f~ are the total c~oss section and Re/lm for 
interaction of the eigenstate Idl> with the target. 

One also could evaluate the total DD cross section: 

Gl>D = ~ ol2.6 { ,f-~(b)l~> - 1< ~{b»I-tJ . (23) 

However, at moderate :energias variations of the slope BcI...~ account 
for e.bout bal! of ~DD' so -that putting in (19) -Bel.... ~ constli: 

would -undere-s-til18:te G DD 20). To the contrar,., the forward DD cross 
sectlon (21) is ins-.naitive to var~at1ons or Bol.t and, hericeforth, 
-g11788 a .I'eliable estlmation of <licÀ~-> .. 

Tn8 residues do not depend ~n ener;gy and 'the moment. < ~y> 
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wh1ch are controlled by the wave functions of hadro~s, are, thus, 
energy-independent. In tne QCD m~del of the pomeron of our interest 
we observe that, in view of the conformaI properties of the QCD 
pomeron, the residues of both components in the decompoàition (7), 
(10) should vary in parallel, i.e., the ratio R does not depend 
on ol and ~ • Hence, once <11J..!t> wef'e evaluated using (21) at 
some moderate energy, i~ can be used for a reliable extrapolation" of 
18 corrections ~o both p-p and p-A scattering beyond the accele
rator energies. 

In what follows, we, shall use <6::J...~> = 0.35 , inferred from the 
Dakhno's calculation 21; of the inelastic shadowing enhancement 
coefficient K2 in the proton-deuteron scattering at E = ;00 GeV. 

4.	 THE ACCELERATOR DATA ON PROTON-PROTON SCATTERING AND
 
EXTRAPOLATION DF .~ tot(pp) BEYOND THE ACCELERATOR
 
ENERGIÉ8
 

We have fitted the data 22) on ~tot(PP) above E =100 G6V, 
tb.e 8ppS data 3),4) on ~tot(PP) assuming that at such a high 
energy p-p and p-p cross sections are identical, and the data 23)

2 . 
on the p-p scattering slope B at Itl = 0.02 (GeV/c) (a verypp 
'user u.í compilation and analysis of the data on B" can be found in 
Thesis 24) ). On top of tb.e pomeron exchange cros~Psection we nave 
added in bhe Regge term 6R,. / S t,-c:J.R5c). The fits are fairly 

insensitive to the ~egge intercept d..R(O) , and we have put ~R(O) 

= 1/2 • 

By virtue of the derivative analiticity 25) the phase of the 
forward scattering amplitude is uniquely related to the energy 
dependence of tb.e total cross section, so that we did not include 

004 I	 i into the fit the data on rpp • 

There are five fres parameters
A 

in the QCD amplitud: (10) I 6 2G, 

~ ., ~ , R ,Bo and ol.p • One more , 0.2. 
par~meter is the Regge résidu~ (O,R.

o.t )( However, it turnes out that R and 

0.,0 6. are very strongly correlated 
and cannot' be fixed uniquely. ThisR 
R -	 Ô. correlation ia shown Ln 

A dependence of the~- Fig.3 and the ~pical sets of pàra
intercept h on R. metera are quoted in Table 1 • 
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-Table 1:	 Sets of fitted parameters' of tua bare QCD 

at different choices of ~heratio ~ and 
intercept a 

R Â	 
6 2G Bo «.~ 6 R 

mb (GeV}c)-2 (GeV/c)-2 mb 

4 0.18 31.3 9.68 0~l38 40~9 

8 0.22 37.9 9.88 0.132 31.~ 

12 0.24 -41.3 9.98 0.127 25~4 

20 -0.28 45.0 10.09 0.118 17.6 
36 0.32 48.1 10.15 0.lD5 8.3 

o O.Oo/l 28.7*) 8.87 0.141 65.0 

-QE-l 0.091 27.6H
) 9.05 0.167 65.0 

. H)	 
Q.E-2 0.12	 22.3 9.86 0.089 87.0 

H)Th~se entries for the single-pole ~its are the residue of the 
pole at j 1. 

Fig.4 - The energy 
dependence of the p-p

l;:. IHE.P-FNAl-iSR300'1 total crose section 
~l SppS {3,4i versus /).	 • For theO Akeno [6J 

legend of curves aaeQ n~'stye [7]250[â.... 
O-J) Fig.6. Shown also-are 

-....~ E the values of tha p-p 
total croas section\() 150- . 
determined from the 

J.o/ ___________ Akeno - Fly's Eye data 
100 l-	 -i 

on fOabs(pAir) ( see 
Section 5 ) and tha5Ot- .......M~	 -J
 
fitted accelerator 

2 4 -6 8 10 data on 6 (.pp ) • 
-lgt	 t ot 

The resulting extrapolation of the ~-p total cross section beyond 
the aocelerator energias iss-hown in ~'ig.4 • 

A~art from the ~CD fits with the bare amplitude -(la) we have 
a'Lao 'trlad the q-uasieikonal modeJ. fits. (QE) with C = 1.4 -. The global 
unconstrained.fit QE-l ~ave ~ =D.091 compared to the pre-SppS 
intercept Ó. = 0.07 1) ,2 , still the -fit1;ed curve passes well below 
tbe' ~PPS . data points~ as themajor conatraint on ~ ia imposed 
by the high-preci5ionFermi-lab - ISR data • ( In fact, such a fit Ls 

10 

basically identical t~ that of Refs. l),2) : our intercept A i5 
bigg,er, bub t:lp is found to be smalle-r than that uaed in 1) ,2), 
~j' =0.25 (GeV/o)-2 ). If the rit is constrained to intercept the 

SPPS point at iS = ,540 GeV (QE-2) , then Õ. = 0.12 , but this fit 
is very poor at tha Fermilab en&rgies. 

AlI the single-pole fits az~ alike in that they grossly under _ 
estimate ~ tot(PP) in· the Akeno - Fly's Eye energy range (Fig.4). 

Stnee experimentally R» 1 (see Table 1 ), the effeotive
 
intercept- A aff = et tl1. j (~) / J.. ~ risea rapidly wi:th energy,
 

f). 
IJ. l' ::: (24)~,.ç 1.. + R... e..}(r [- ti· ~] 

from il ef f = A 1(1 ... R) «ti. at moderate energy up to À ef! 

= ~ at the truly asymptotic energy - a steep rise of tha total 
cross section thereof. As was discussed abova, a certain evidence for 
that already comes from the accelerator data, and is futher corrobo
rated by the Akeno - Fly's Eye data. 

~ - The energy 
dependence of thefr. FNAl-iSR 
diffraction cone 
slope B versuspp 

6 • For the legepd 
aJa..~ 

V SppS25--

20

S'l 
a..~

~ 
of curves sse Fig.6. 
Shown also are the 
fitted experimental 
data on B • 

pp 

I t I 

2 4 6L--..J.... 8 10 
19E , 

Tua energy dependence of the diffraction cone slope B i8 
pp 

suown in Fig.5 • A rapid rise of the slopa for fits with larga
7

beyond 10 is noticeable,and can easily be understood. An opaoity 
of tha p-p amplitude aaturates at the black disc limit and tha 
further riso of ~tot(PP) and Bpp up with energy would mainly 
come from an expansion of tha central black disc area. A counterpart 
of ,Eq:(24) holds for the effectiva s~ope of the b~re pomeron too, 
bu.t at high energy the rise of B ia mostly enforced 'by th~pp 
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meantime we ~hall discuss what could one learn from the ex1sti~ 

Fig.6 - The diffrae experimental ~ta on the very high energy air showerá, in tae 10?Bpp Ig(E) 
tion cone slopeB 109 energy range.t;tIIk)-2} 

li-..l.  pp
 
--,-- 10
 versus the total 

croas section 5. A RELIABLE DETERMINATION DF _THE PROTON-PROTON TOTAL CROSS 
SECTION FROM THE EXPERIMENrAL .DATA ON ABSORPrION OF THE<Otot(pp) for the 

R /). 
different QOP and COSMIO RAY PROTONS IN AIRI


----<> QE 0.12
 
---é:. O~ 0.091
 QEM fita. Typica~20 il0.097-O O valuea of energy, We remind tnat in the cosmic ray experiments one only coul~ 
--J;] a ().242
 

-<)36 Q319
 108 and 1010 GeY. measure the absorption cross s~ction 

are indicated by 
10 ' ., _! _ I _!_ ! _!_ -I • 6 abs :: CC; tot'- (Õ aI (26)

dashes normal to the 6Q~1 ' 
curves. where ia a cross saction~Qf the quasielaatic scattering onE:Qe 1 

the target nuclaus, p A ~ P A • not fQllowed by a production~f 

the new particles, what leaves th~ incident proton still in the 
./ inc1dent fluxo 

tl - channeâ, unitarity, rather than the input alope c2. JP • The 
larger A ,the steeper i5 the riae of E)tot(pp) and the aooner We shall use the standard Glauber - Sitenko - Grib~v 26~ theory
 

is an onset of the s - cllannel unitarity imposed riae of the slopa, of th.e 1Jlultiple scatteri~. At moderate energies to a good accuracy
 
wllich wil~ be correlated" w1th the riae of the total croas section (for a review see Ret. 27 )
 

(see Fig ..-6).
 
G4" (~A) = ~ 0\"'1: fi - [i - ~ «:i.",(pp) T (6)1Jl t (27)

J/iP'Specifically, in the black diao limit CÕtot(Pp) = ~l:" Bpp • but 
in alI thefits this limit is el~ive. In the grey diso limit ef ~ 

where !toq 

(25)• ~1:oi (~p) =:. ~- ~1t Bf r ff(b) = S~~(F'ê~A(~'c) '~:n (.xp [_l~~) ] (2'8)0pp rr 
so t~at at the same value of ~ tot(pp) the QEM slope 1.s larger 

and ~A (~) is the nucl-ear matter üensity.100· , than that of the QCD fita (aee Fig.6).
 
/s =1.6 TeV
 Though the exaot geometrical soaling We have to deri-ve IS correcti.on to (27) with allowance for 

íi.
0....0 

ia lacking, bhe above ({5 tot(Pp)-Bpp DD of the projectile and target's nucleons. We _sha~l follow the
--"'~E 

corrleation will be of paramount general method of Ref. 17) • Let us ~tart with tha total ~ross-a' 
importanoe for conversion of the data sectríon, For interaction of the DSE \t:k) .one finds in a: usual way80 v
 
on 6 abs (PAi r ) into 6\ot{PP) •
 ( - [ '] ~ ... ) Jl ,v G"~(l"l {~~) '"' Zj J~ b li - <!.~\.k,..l< (l.)(p[-d..~ ~ (6-c ] >r- l{l~> 1 (29)

The accuracy of tae accelerator
 
data on p-p scattering ia not I
00-1 f , I ,I " ., I 

1 
wbat can be üerived as ..followSl -start with tb.e state of the nupleus

suf'ficlent to constrain à and R • .2 6. .3 in which th-e nu.cleons ~ are in DSE 'f>i>., · · · • 1!'A?' TheOne can well awalt for the P'ermilab 
avera'ging ov.r ~i ~ La.." corr.cting the ~ 1fi aaplitude :for -DD

coll:\.der data at fS = 1600 GeV ~ - Pr.dict~ons of th. of the targ-et nucleon J i • can b. carried out separa-e.ly for diff'er
a te. mb's accuraoy in lã tot{PP)p-p total oross -seotion at ent nuc Le ons-, Ramely, one !iaa to calclilate the S-matrix alament -over
at this .nergy oould put a stringen~the-Yernil&b,collid&r the single-nucleon wave function of th. -ground atate of the nuoleus.
conatraint -on ~ (Fig~?). In the

-( ~ z: ~600 GeT) 
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<1,. in~<~";p[-c{~ -&(b-ê)]>~ ll, in> , then take their product 
over a11 the targets nue1eons and, fina11y,' take the average over the 
eigenstates of the projeeti1e: 

~oi (pl\}~.tlJ2b li -\[<t,u...l <e.'If't-.lf5 (b~)]1Ií,i"'/1Jl~J (30) 

A similar derivation of the absorption cross seetion resUlts in 

Ga.bs (p~) ~ ~cP-b fi
1\ (31} 

-« [<i.•"'t«e.'P t-oll~i:l fb-2) -ol.tfz5(b-2J1» Ii,u..>l» l. 
f3J: f.(, O<l:t J 

It 1s worth whi1e to emphasize that IS earreetion for DD of both 
the projecti1e and the target's nuc1eons 15 computed in (30) , (31) 

in a unique way. 

In ~he QCD tits we retain in (31) , as we11 as in computing 
the p-p amplitude, on1y terms <ó.cÁ"';:>. We have used the GaussianIV 

parametrization of tue nuclear charge density with the charge radii 
z, 1 /2., " 

<~l-?' = 2.54 F and 2.'72 F for the nftrogen and o:xygen nuo Le í , 

respective1y 28). In order to ea1cu1ate the nuclear matter <;lensity 
one has to subtraet from the charge radii of nuelei a contribution of 
the proton~s charge radius 27) • OtherNise ~abs(PAir) wil1 errone
ous1y be oVerestimated by about 7 % : 

At moderate energies the total eross seetion ~tot(pp) and the 
slope B are the two independent parameters, and ~abs(PAir) doespp , 
depend on bota (se~ Eqs.(27), (28) )~ However, at high energies, with 
an onset of the blaok diao regime, the absorption on nuelei wil1 also 

pp 

approaeh the b1ack disc limit 

lÕa.bs (rA) '-": \C. (R. A + ~ltBFr )'" (32) 

and wil1 main1y depend on the slope B rather than ~tot(pp). 
St111, by virtue of tue above discussed the s - channe1 unitarity 
impased carre1ation between G tot(PP) and Bpp' Eq.(32) 1s 
paramaount to ~ abs(pAir) being on1y a unlversa1 function of bhe 

p-p total eross seetion. 

In Fig.8 we show our predictions for ~abs(PAir) at different 
inte~cepts ~ • The sing1e-po1e QCD and QEM fits do gross1y 
underestimate 6 abs (PAi r ) at E> 106 GeV • Different fits give 
rapid1y d1vergent curves fer ~abs(PAir), fo110wing the general 

-. 
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Fig.~ - Predicted 
energy-dependence -of 
~he eroas section of 
absorptiQn of protons 
in air versus Â. 

Shown are the Akeno
F1y J a Eye ~ta on 

~abs-(pAir) • For tae 
1egend ~f curves see 
Fig;6 • 

~ - The p10t 

of 6"abs(PAir) 
versus (PP) 6 t ot 
in the different 
QCD and QEt4"fits • 
For the 1egend of 
curves see Fi~.6 • 

Fig.10 - The p10t of 

,6 abs(PAir) versus 
CC; in(PP) in tas 

different QCD and 
~ fita. For the 
1egend of curves -see 
J1g.6 • 
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pattern of 6 to~(PP} in FigA. In- Figs.9 and 10 we demonstrata 
how (Ôabs(PAir) Ls correlated with 6'tot(pp) and 6'inepp). The 
Eí abs(pAir) - E)in(PP) plot in Fig.lO exhibits a remarkable stabi
lity of conversion of E)abs(pAir} into E)in(PP) e Specifically, in .. 

'" liIthe region of interest, b aba (pAir) rv GOO mb, the theoretical 
l.'•systematic error of this çonversion 1s well below 10 mb in 6 i n(pp).: 

Furthermore, as it only does make sence to compare the curves for 
11 = 0.24 and ~ = 0.32 , the ones which broadly r-eproduce the ~ 

Akeno - Fly's Eye data on €)abs(PAir), then the theoretical I ~ 
uncertainty of the so determined 6 1n(pp) 

150 

Ci.. 
a.. ..a 
-c: E 
\{)~ 

tOo 

50 

4 

Q Akeno [6] 

Q FL,Y-'s Eje[71 

2 

,Ls at most few mb's •	 , 
i 

Fig.ll - Predictions 
for toe high-energy 
behaviour of the 
p-p inelastic croas 
section versus 6 
and our determina-' 
tions of e> in(pp) 
from the Akeno
Fly~s Eye data on 
6'abs(pAir). For 
:Che legend of 
curves see Fig.6 • 

~ur predictions for E)inepp) at high energies versus the 
intercept A and the values of e inepp) determined this way 
are shown in Fig.ll • We emphasize onca more their model independen
ce , Its origin can be trace,d back' to a 6 in(PP) - Bpp correlation 
being even stronger than that between ~ totepp) and Bpp (Fig.12). 

or the three quantities - 6 totepp), 6 inepP) and 6 e l (pp) 
the latter i8 the most semsitive one to toe value of the slope 

B • Rence, the major source of the theoretical uneertainty in 
pp 

determination of ~totepp) from Gabs(pAir) is an uncertainty 
of evaluation of 6 el(pp) once ç::; inepp) Ls known , Yet, from a 
comparison of curves for &=0.24 and ~ =0.32 in Fig.9 we 
can conelude that the theoretical systematic error of determination 
of 'Õt~t(pp) does no~ exceed 10 - 15 mb. The Akeno - Fly~s ',Eye 
val~es of 6 epp) p-lotted in Fig.4 do correspond to the l:i. = 0.32

t ot 
curve in Fig.9 , the best approximation to the exper-âmenbaL data 

points. 

16 

30 
~
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CO <V 
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20 

10 " I 

Fig.12 --The diffrac
tion cone slope ~p 

versus 6> in(PP) in 
bhe QG-n and QEM 

fits with different 
intercept â • AlI 
the notations are the 
same as 1n Fi~.G • 

I , 

50 100 150 
6inepp>,mb 

Regarding the ro~e of the 1ne~astic shadowing corrections, we 
restrict ourselves to a statement that uncertainties with extrapola
ting 18 correction to 6 abs (pAi r ) up in energy are virtually 
negligible at high ehergy. Indee~, 18 correction to ~abs(PAir) 

is known to be numerica~ly small 17). Its rela~ive magnitude doas 
gradually decrease with energy, as in the black dise regime DD only 
could take place on the edge ~f the nucleus. Moreover, for the same 
reason the ratio 6 DD(PP)!i16 tot(pp) shoul-d dec rease with energy 
already in p-p sca~tering. and there is a positive evidence ~or 

that inthe recent SppS data 4). 

Onemore technical comment. The ~roton-proton pr~file function 
1= (6)- becomes significantly different from the naive Gaussian one 
already' at 8ppS energy-. At sti11 higher energies it is absoltitely 
wrong to evaluate the absorption cross section from Eq.(27) using in 
it ,T(b) evalua-ted in the Gaussian approximation (28) only in 
terms of <ô tot(pP) and Épp • An accurate evaluation of t-he 
nuclear cross section demands for a much more detailed calculation of 
the p-p profile !unction, complying with the s - channel unitarity 
constraints, and with th~ proper allowancé for the inelastic shadow
1Dcg. like we naTa -don. above-, 0therwia. aa arbitrary choã.ce of the 
high-energy parametrization of the p-p total oroas eection and 
slope and. on top of cthat. making use af the Gaus.ian approximatión 
(28;. cl>uld driv. to uncontrollàble errora in the h1.gn-energy beb.a:vi
our of 'COabB{PAir) and. v1'Ce versa-, o!determination of 6 tot(pP) 
from tne ,-data -on the nU41e-ar "cross :SllctiOll.• 

Pr~c1sel~ ,tbat ktad of error s11pped ~n into preTious dete~1na· 
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tion8 7) ,8), G tot(PP) =120:t.l0 mb. from bhe Fly's Eye result 
6 abs(pA:ir) = 540±40 mb at E =4.5.108 GeV. The right numbers 

with the right error bars are: 

6'in(PP) = 113 ~ i~ (atat.) ± 5 (syst.) mb , 

Gtot(pp) = 164 ~ ~~ (stat.) ± 10 (syst.) mb . 

Similar numbez-s for the Akeno result 6 abs,pAir) \ = 570:1:12 mb 
at E =4.8.107 GeV (read from the plot in the Conferance papar 6» 
are: ~ in(PP) =·126.:!: 5 mb and (Õtot(PP) =188:t.lO mb • 

Apparently, the majorQS. i	 

source of the above undares
timation of the p-p total.s 
cross section in Refs.7) , 8 ) ~ 

-.J was an imprudent extenaion cf 

I tha geometric scaling up to 
~ 

~ 
the superhigh energies, thou&h

DA i 
it ia badly broken alrea~ at 

- 18)t he SppS energy • The 
0.2tl~II'!líll~ geometric scaling does not 

20 50 100 1iO nold to any sensible accuracy 
. Gi.l"\(pp),mb 

(soe Figa. 6 and 12), and 

~ - The ratio fêal/C;; in as enforcing it one would under
a function of 6 in(pp) fqr tha astimate 6 Ln Cpp) by about 
diff~+ent high-energy e~rapola 15 - 20 % • This estimation 
tlons of the p-p acattering followa from comparison of 
amplitude. For the legend of Takagi's 8) determination of 

CI~eB sea Fig.6 • Gio(PP) witu ourSo Secondly, 
one has to add e.i el(pp) 00 

top- of e in(PP). To this 
end , the geometric aceLí.ng impliea (i] el/61o = conat , and Takagi 
had put thia ratio to be 0.196 at alI the energies. However, in 
theoriea w1th the rising croaa section. an Qnset of the a - channel 
unitarity enforced black disc regime laada to a rapid riae of 
6'el(PP)/cQin(PP) witb. energy , In Fig.~3 we ahew how this ratio 
dependa on e in(PP) at different intercepta t1. 

6.. SCALING VIOLATIONS AND MEASUREMENTS OF (()abs(PAiI·). 

Measurementa of the depth of absorption uf tue cosmic ray protons 
wOuld nave given a straightforward determinati6n of ~ abs(pAir). In 
fact, one rather determines experimentally a depth of tha maximum 

of	 tha electromagnetio oomponent of the extensiva aiI' shower, so that 
a quantity oí prime interast ia a rata of tha tranafer of energy trom 
the incident proton to tha aecondary particles (it.0 1 

6) o 

An important observation is that the s - ~hannel unitarity 
enforcas atrong violation of tue scaling of the fragmentation spectra 
and that a magnitude of the scaling violations is basi~ally control
led by tha magnitude of the p-air abEorption croas Bection. Wer~ 

this important correlation includad into an analysis of the experi
mental data on the longitudinal development of extensive air showers, 
the accuracy of determination uf ~abs(PAi~) would have been much 
nighero Below we snall discuss the scal~ng violationa in a simple 
modele 

Ignoring 'IS corrections, which are unimporta.nt for tne soaling 
violation analysis, we obtain 

Cõ"k-(PP)= ~cÁ~b {i.- ~)(pL-~Re~(b)l (33) 

and bhe V -fold int.eraction cross sectiona 

,_)..,v[ç; =. rol2."b. ~Re.)lb J ~x [-~Ref(b)1 (34)~ ~ .,' f 

(A probabilistic derivation of (34) is since long widely used in 
analysia of tha cosm1c ray data 29), for a modern derivation based on 
the Abramoys!ri. - Gx.'1bov - Kancheli cutting rules 30) sse Refso 2) ,5) 
sud the review 32»0 

Obviously, the larger )) the soitar is the spectrum of the 
leading particles (protona •• o). If Ll(x} = (x/~l)(d~l/dx) ia 
'a leading partic1.e spectrum for one cut pomeron ( V :: 1 ) (hera x 
ia Feynman's scaling variable), then 

i	 . 
0It

L\l~i (x)~ j TLi(21)L))(~)	 (35) 
)( 

and the final spectrum Lpp(X) will 'be given by 

Lpp(X) = ~ u.lV · LV (x) ,.	 (36) 

where ~:I~" / ~in(PP) o 

Tne ·above prescriptions (34) aud (35) do correspond to the 
leading particle cascada model, familiar to the cosmic ray physicists. 

18	 19 

http:aceL�.ng


f
 

A similar, but tedious calcu1ations of tha 1eading part1c1e spectrum 
can be repeated for pAi r co11isions too~ Obvious1y, uJv (pp) and 
VS"V(PAir). are a1most unique1y determined by the magnitude of r;j in(PP) 
and ~abe(PA1r), what implies that sucn important quan~ities like 
·the e1astieity coefficient =<'x > , only do depend on G in(PP)Kel 
and ~abs(PAir). 

Simple calculations show that for tue input spectrum of the form 

(.3-7),Lr(x) = e x~ 
the leading particle spectra in the p-p and p-air collisions toe 

are very we11 approximated by equation (37) with the exponents 

Ó' (pp) - 32 1 
(38)f>pp = Ppp(E =100 GeV) exp[-- in 120 1 

~PAir = 0.3' ,(bpp(E = 100 Gev)expL 6 abs(PAir) - 500 1 (39) 
[ 2~0 ' 

where <i 1n(PP) and babs(PAir) are in millibarns • The parame
trizatíon (39) holds to a five per cent accuracy at ~abs(pA1r) > 
350 mb. A simil~r parametrization of the e1aeticity coefficient is 

r 6 s(pAir) - 500] 
KeI(pAir) =Kel(PP, E =100 GeV)·0.45·exp - ab . (40) 

6ab~(pAtr)Jmb 

o. 375
b 525 
c 710 

a2 

0.5 

1.0 

, , 

( g Ti" pAlt', 
1 d(Ó) 

Rx= /;1 d6\ 
\G d:1:JpD. I00G~V_---.::"lo. ._~...:_ __ 

t<: < i i i i f i I i ' i i ' • .~ 300 

Fig.14 - The energy 
depandence (X~/~x) 

of the leading particle 
spectrum in p-air col
lisions at different 
values of <Oabs(PAir). 
Shown is the ratio of 
the p-air spectrum to 
tha p-p spectrum at 
E = 100 GêV • 

0.05 to 
A pattern of violation of the scaling of the leading particle 

spec~rum in the p-air collisio~s is shown in Fig.14 • The ratio R

0.1 

x 

20 

would have been un1ty were it not for the intra?uclea~ ~bsorption of 
the leading partiole and tha lncrease of the absorption probability, 
i.e., a deoreaee of uJ 1 ' with the rise of Giri(PP} and 

6 aba (pAir) • 

For Lnatrance , starting wi~h K1n (pp, E =100 q.eV) =0.5 we wind 
up with Kin(PAir) =0.78 if ~abs(PAir) =500 mb • Therefore, in 
the range of the p-air absorpt1on croas sections of our interest the 
scaling violation is quite significant. Specifically, the rate of 
dissipation of the primarr pr~ton's ener~y ls much pigber than tue 
naive scaling model wou.Ld suggest. It is very likely that incorpora
tion of the a~ove scaling violation into the Monte-Car~o simulation 
of tue longitudinal development of extensive air showers would 
eventually result in a somewhat lower values of ef abs(pAir) tb.an 
thoae cited in Refs. 6),7). 

The Additive Quark Model 31) and the Dual Unitarization Model 
(Refs. 2).5») would predict weaker scaling violations that the 
leading particle cascade modelo The latter model differs just in 
prescrip:tiona for constructing L v (x) ., whereas in tha former 
the Í'ules of computing W-v differ t oo , Yet, the results would not 
differ much from (38) - (4D) • 

Tha extensive air shower data wili rema~n the sole source of 
information on the proton-proton total croas aection at superhigh 
energies up to 10 9 GeV for at least a decade, until SSO becomes 
operative. In view of the immense importance of learning of the 
asymptotlc properties of the hadronic interactions in view of the 
recent developements in QCD theor,y of the pomeron, a novel analysis 
of the Akeno - Fly's Eye data with allowance for the above scaling 
violations ia eagerly awaited. 

7. CONCLUSI ONS 

'l'he quantum chr-caodynamí.ca predicts a specIf'Lc family of the 
j - plane s í.nguâaz-í.t í.ea of the -hadr-on-éiad.ron scattering amplitude 9). 
Namely., the puméron is shown -to be a series of poles at 1 <; j <; 1 + ô.. 
The perturbative calclllations of tue intercept of the leadlng pole 
Lead to a rather blg A at lt I =O 9) z 

A ~ I :L -Ji 01. rv i.,
 
lt. .s
 

The perturbative calculations alôo preàict the 'flatten~ off of tue 
effective trajectory , t:Jl ({~) ~ 1, at large t'-- 12) , 9) . There iap 
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a good evidance for t.hab QCD flattening of the pomeron traJectory 
from- tae large-t meson nucleon elastic scattering 12). 

A phenomanological analysis af the experimentai data suggests the 
following hierarchy of the j - plana singularities in the total 
~ross sectíon: A dominance of the two-gluon exchánge ( j = r ,. â 
O) at the Serpukhov - Fermilab energies is supersed~d by a domi
nance of tha contribution of poles w1-ch ô. > O- , the higher ~he 
energy the bigger ~ of the dom1nant pol&, and so forta till 
the dominance of the rightmost- singuíarity. Such a r-í.se of b. ef! 
with energy is already corroborated by a steep rise of the ~roton
proton total cros& section from Fermilab to ISR, and stil1 ~teeper 

rise furthe~ up from ISR to SPpS. The recent Akeno 6) and 
Fly's Eye 7j data on absorption of the cos~ic ray protons in air at 
E =107 - 10 9 GeV demand for D.. ~ 0.25 - 0.35 , what nicely :hts 
the QCD pattern of the high-energJ' scattering of hadrons. 

The forthcoming data on ~tot(PP) from the Fermilab collider 
at fS = 1600 GeV could significantly Lmpr-ove 0UI' understanding 
of the asymptotic properties of p-p scattering. 

Regarding. the value of the cosmic ray data, our principal finding 
is that thare exists a reliable, model-inãependent conversion of the 
experimental data on Gabs (pAiI') into G" in(pp) • Adding up 
~ eL(pp) to the ao determined 6 in(PP) introduce-s some uncertainty 

into such evaluation of f: tot Cpp), but this uncertainty 1s well 
below 10 - 15 mb • 

Apother important observation is that.one could greatly improve 
an accuracy of measllrements of tha p~oton absorption cross saction 
~abs(PAí~) in toe extensive air shower ~xperiments, provided that 

the scaling violation&, wbich are almost uniquely controlled by the 
magnitude of babs(PAir), were properly taken into account. 

Ou:r opb í.mí.st í.c conclusion is that one can learn a lot on tha 
proton-proton interaction cross sect10n up to the end-point energy 
of "7;1010 GeV from experiments on observati0n of the extensiva air 
showars. 

The authors are grateful to L.I.Lapidus for reading tha manus
cript and valuable suggestions, and to V.R.Zolle; for usefu~ 

comments. 
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Konen~oB~\I 5.3., HHl<onaeo H.H., nOTaWHl<1KOBa W.K. El-.86-1l5 
nH~paK~~oMHOO pacconH~e BAPOHOB H ~Aep 

B paMKax npOACTDoneH~~ KXa 

05cymAQOTCA Donpoc 06 aC~MnTOT~Ke HYKnOH-HYKnOHH~X ce4eH~~ B ~aMKax 

npeAcT~DnoH~~ nepTyp5aT~oHoH KBaHTOSOH XPOMOA~HaM~K~. np~ YMepeHHO B~
COI<HX 3HeprlllFlX nepTyp6an1BHbll:1 AByxrnlOoHH~~ '06MeH YAOBneTB,op~TeflbHO -eocnpOH3 
BOAHT nOCTOFlHHYl1) I.IBCTb nOJlHOrO ceueaaa., C -POC1'DM 3HePT~H Ha4~HaeT AOM~

HHpOD8Tb DKnaA cepHH nomocoe c [\=J-1 > O, np~4el'1 l!.ett -paCTeT c pOCTOM 
3Hepr~l'" florcaaauo , 4TO AaHHble no nornouieuan KOCM~~eCKHX nY4eH B arxocoepe 
B 061laCT~ 3HeprHH 10 5

- 10 6 T3B Tpe6Y~lT 0t~~ .... t60-2tl'O .,-,6H, 4TO YAaeTc~ 
BocnpoH3BecT~ KonH4ecTBeHHo, TOllbKO ~cn~ B aC~MRT~T~Ke ~= U,2570,35. 
CTaHAapTHoe -oAHOnOJl!OCHOe Onl<1çaH~e AaeT np~ 3'r~X 3Hepr~R'X <:YlI\eCTBeHHo 
MeHbwee ce4eH..,e, - 't00 M6H, ~ He .aocnpoasaonar AaHHhle -KOCMI<14eCKI<1X nY4e~. 
UI<H~PyeMble B h~TepaTYge nepecueru OT 0abs (pAlr) K 0tot (PP) - OW~60qHbl" CAe
naHb sa*Hoe H~6n~AeHHe, 4ro HapyilleH~e CKeHn~Hra ~parMeHTa~~OHH~X cneKTpOB, 
CYÍ!teCTBeHHoe npa M0Aen~pOBaH~~ WAJI, *eCT1<O éBR3aHo c Ben~4~Hol:1 O'abs -{pAir). 
Y4eT 3TOH 3aB~C~MociH n03Bon~n 6~ cy~eCTBeHHO nOS~CHTb T04HOCTb onpeAe
neH~~ CF b (pAír). . 

a. S 

Pa60Ta h~nonHeHa B na60paTop~~ ~AepH~x np06neM OWRH. 

Ilpenpnar Oõsennuemroro HJICTHTYTa RAepHhIX HccneAOBaHHH. ,Uy6Ha 1986 

Kopel iovich B.Z., Nikol~ev N.N., Pot~shnikova I.K. E2-86-t25 
QCO Suggested Hi~n-tnergy Asy~ptocics 

of the Dlffraction Pro ton-Pro ton 'Scat t e r lnq 
and t~e'Co~mlc Ray Dàta 

Asymptotics of nuc l eon-nuc l eon cross sec t l ons Is discussed withln the 
pertuibation quantum 'cb romodvrtem l cs representatlons. At moderately 'h l qh 
ene~gies the ,perturbative two~luon exchange satlsfactorlly reproduces the 
coostant part of the totaJ ~ross sectlon. As the energy goes up, a series 
of the j -p l ane poles at; 1"l=J-l> O, dorni ne t es , the higher t he energy, the 
'~i9gef ~.!r. H is shown that data on absorpt í on of cosmlc rays in

6the 
atrbósptJere within the tOS-lO TeV ene rqv -range need 111~ • 160-200 mbn which 
coul d be reproduced quant l ta t r vé l v , lf only In asymptotlcs ~:: 0,25"'0,35. 
Stahdárd one-jso-l e des cr l pt ion gives -at these energies a sufflciently -sma l
ler cros s .sect lon , -tlH) mbn, and does not reproduce thc cosmtc ·ray data. 
the nucted 'ln 1 i t e ra'ture 'determ'i'nat ions from Oab. ('pAir) to atol (PP) 
are erroneous. An important 'observet lon isthat v lo l at Ion of the scallnq 
of the fragmentatlon -spect ra hs,tr.ongly cbrrelated wlth the va l ue of 
b'.,~. (pAir). 'Making a l i owance f'or th t s dependence shou l d es sent l a l l v lncrease 
the rellebility of .aib. (pAir) determiMtlon. 

lhe tnvest tg.t lon has been 'performed at the- leborator~ of Nuc Iear 
P~bleJns, J'IHR. 

.Pnpriat or lhe Joint,!nstitute ror Nuclear Rt,earch. Dubaa 19~ 


