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1. Introduction 

The growth Df hadronic total cross sections at high energies ia 

most simpl~ described in the Regge phenomenology by introducing the 

Pomeron pole with intercept above unity/1/._Leading logarithm'calcu

lations/2 ,3/ in QCD showed indeed that the vacuum singularity (more 

complicated than a simple pole/J , 4/ ) is displayed above unity. 

The partial amplitude in the impact parameter (b) representation 

bas the form 

I(b) =Ir O) ex? (- b
212 B) 

(1 ) 

and grows with energy because 

/(0) = : o. l' "': 
(2,) 

Here V = 2 YnN E/5 , is ~he incident -ene r'gy in tbe La b , system i0 

So = t Ge. V.2 i ~ =o<;e(O)-1. • 
The simplest way to restore the unitarj violated by (1) an~ (2) 

i8 to sum up the eikonal graphs with multipo~ron excbange/1/. The 

eikonalized amplitude takes the form 

. F(b) '" ; {1 - exp[;!(b)]]. (J) 

The substitution Df (1) into (J) leads to a rapid growth with 

energy o f the slope parameter Bel! =: i <b2>: 
B = -/-B~t'rL'I)·ef,f c:: (4 ) 

Amplitude (J) corresponds to the acattering on a "black disk" cf 

radius R< == :1. B 6 eV\ )) • 

It is interesting that an analogoua pattern takea place in low 

energy rp ·interaction. Indeed, the e Laa t í,c àcà t t e r í.ng atnpLí t ud n In 

almost imaginary. As the energy decreases, B gr owí.ng contri Lu t 1011 III 

reggeons (W,f) and annihila tion channels to the amplitude ! (b) 

violates the unitary. 

2 

As a result, the impact parameter dependence of amplitude (3) 

differs considerably from the gaussian formo lndeed, in the lattcr 

case the partial amplitude at a zero impact parameter can be written 

as 

ImF(o) :::; '16~f /G1of-' (5 ) 

The resulta cf substitution of the experimental data/51 into 

the right-hend aide of this· relation are shown in fig.1. It is seeo 

that in t he momentum range ~:6- 10 GeV/c the gaussian form of 
the partial amplitude F (b) 

z. i contradicts the unitary. 

In fact, as is shown 

below, the f f elastic sca tte
ring at low energiGs corresponds 

to the "b La ck disk" limi t , 

In 3ec.2 the experimental data 

em ff total cross section are 
fitted .with the unitarized 

l' L. '" I "" , e ,~ expression (3) fon the 8catter1 
ing amplitude.11 (GeV/c) In Jec. 3 and 4 the total 

Fi[,.1. Bnd diffarential elastic cross 

sections and slope parameter .., 'rh" ru t lo LfÕ!; 10.[: are calculateà wi thout any f re e 
110 U function of the momentum. parameter. The resulta are in

!/: good arreement with experimen

pp tal data. It is worth noting 
... J t,IiQ t 6 ee Bnrl _ Bell a t Low erie r g i es a re c 108e to the "black disc "

f -] j ml t vn l U('O O~eP == (5 PP /2. and to 8 = G.t: ILIw- , 
II 

io.f 
""r1p"r:1.! vc lv , 

/\:1 phl1:IC':1 o f different c on t r bu t ona to the elastic amplitudeí í 

I r'I' c onur-« 1.1"1 l'Ii ih tlJeir energy d e pe nd eric e , i t I s possi ble to esti 

'/ 111..1' ~IJl: rn t o 01' the rABl pa r t o f t he forward e La s t í c e ca t t crínr; 
q " I'" !,lJd" t o th~ iuarinary perto Th e celculati cns performed in Seco';
 

J 111',· 1 tl I anel agreernent 1'1i th experimental da ta.
 

'n" p ro bLetn 01' t hc hjgh-energy-annihilaLion mcchanism is consi
ll'l"I'Hl 111 ::r:c.() • .It Ls shown that the mec han í sm i of t ne string junction

ti '1llIlhl1111.lon I'(j thin a perturbation thecry corresponds to the double 
11 I 11l1'l11 "xc'hrll1l-':c in 'Lhe dec up Le t state. But the comparison of the 

JI c':n"'l'np:lnd l nr: Hnu;e traj ectory i ntercepts revea ls serious disagree.~ ; I "I'It.. '1'110 e xpe r Ln cn te I data analysis performed in the momentum range 

n. ~ 12 GeV/c (whí.c h rnay not be asympt otic) gives results 

/ :J 
I f)&~lU~rleUilh4il IHcnnyr I 

Q'ltBWI m:'C~elDBa1U!l~ . 
I J 
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corresponding to none of the above-mentioned theoretical treatments. 

2. T~tal cross section 

From (J) one can easily obtain the following expression for the 
total cross'section 

= Lf7T B {C + fn [Im/Co)] - t ~ [- Im/Co)1} .Giot (6 ) 

Here C=0.5772 ts the Euler constant; f. (- e) i8 an integral 
exponential function. 

The amplitude of Ff scattering at high energies fi- ~ 10 
GeV/c is d omí.na t e ô by the Pome r on contribu'j;ion (Fig.2a) 

Im fE (o) = o. ,v A 
(7) 

and the Reggeon one (Fig. 2bi 

IW\ IR (O) = b/I/\). (8 ) 

:D: JC JC =:f
_ <4Iit 

a b c d 

Pig.2.
 

The graphs included in the fit of the total
 

cross sec tion.
 

In the fitting procedure the slope parameters of alI pontribu
tiona were taken to be equa1 to 

6 = Bo + 2 o(~ en )) . 
(9 ) 

Parameter 8 0 is detcrrnined by the nuc Leon form factor 

and Ls connected wi th th e nuc Le on mean square radius: 

Bo~2<'r.~>/.3 ~ 10.8GeV~.2 At the same time the fit~4/ of the 

d8t~ for the slope pa'rame t e r in the ?f (1f) elastic 8cattering 
gives Bo = g.!J -:- 10.2 G« V - 2 • 'Ne fixed the value of 

.~ 

2 '8 0 = 10 GeV- • The parameters 6. a nd <e have a Lso be en 
fixed/4/ . The corresponding values and the results of fitting the 
parameters a and b are given' in the Table. 

Table 

Values of thc parameters of the input amplitude 
/(b). Fixed parameters are marked by the star 

,I 
1.1 6. d.R. LO) ciJP Bo a b c ,d' e. h ~ 

0.1 * O. 5~ O.lJ * 10 * 0.J9 J.71 2J.7J 0.0046 2.58 1. 95 0.75 

GeV-2 Ge,y2:!O.OOl ~O.OJ :!..O.OS ~0.,0002 :1..0.02 .:!:0.03 ~0.05 

i\t lower energies the a nn í.h í La t ion c on t r í bution b ec omes consi
derablc. The en' rgy dependenc~ of thc planar ~nnihilation graph 

shown in Fig. 2c .ís dctermined by t he intercept o/. J>D (O) of the 

trajectory corrcsponding to exotic diqu8rk-~nt1diquark meson states. 
ex J)J5 (O) c a n be f'uund by using known nucleon and meson trajec

tory intercepte. The corresponding contribution to the input ampli
tuô o I (b) h8S the form 

2. DlN(O) - oI.R, (o) - 1. 
Irll' _ (o) = C V .f.Dl) (10) 

Thie contrjhution is well determineri in the momentum range 

1 ~ fL ~ 10(GcV/c). It .ís wor t h no t í n: t ha t extension of the 
heé.'f'8 anyu.p t'o t f c s to the low-~nerr:Y regj on J s a dm í aa í.b l a because the 

c s n., erie r gy of t ho Ln t er-med La te 1~ e t a t e .í s still quite high 
at tllr' t hr-oe ho l d • 

]n thr nenT'-threshold momeniurn rangr. the recombination mecha

n niA~ Df onnihjlation (Fig.2d) becames to be jmportant/7/. We paramet
rized thjo contribution in the forr 

IWI!'tQc(O):::: oI/k f2 
, 

(11 )
I L'

\"/hp.re k = V YON EIc? - trl" Ls the fp c.m. momentum. The results 
of fittjne the parameters C ) 0/ } e are r-opor t ed in the Table • 

s 
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The FP total cross 
section. The solid 

curve is the fit re 6sult;The line-dotted~ I~~

! (dashed) curVe is the 

same but without cont
.~ :s ribution of graphs in 

'Y) Fig. 2c, e (Fig. 2d}. 
The experimental points ,,\ 
are from ref./5,B/ 

I 

Ela8tic rr scattering 
cross section. Data 

points are from com
pilation/5/ . The curve 
ShOW8 the result of 

calcula~ion with para
meters fixed in the 

Table. 

ss 6.6 &.6 
enV 

Her e we hav e o nl y usou t he k now n va Lue of the nucleon r ad í us , 

The calculated curves are compared with experimental data/5 , B/ 
in Fig.3. It is important that the energy dependence of the diquark 4. Elastie ocattering diffeTential cross section 

-exchange contribution defining the coras section in the range 

1 ~ ~ ~ 10 (GeV/c) is proved to be correct. 'I'he effect Lvc s lope defined as Be#:f = d en. (d6l?e~~.?)Af~l \1=0 
in the case of amp I i tude CJ) has the form 

J. Elastic scattering cross section 

a Im/Co)
 
It is known from the experimental data (see Sec.5) that the
 

Beff==t<b~>=~1pB J~x [C+etlx-E(-x)].real part of the scattering amplitude is 8mall. Thus, the elastic 
=lot o 

crosp aection ese~P can be expressed as (13 ) 

'l'ho rnomentllln dependence of calculated with pa rame t er-s Bell C5:é =- fd2bIF(b)I~:=2c;;-B te + en[Im!(O)/2] + 
from the Tublcis compared wi..th the experimental data/9- 12 / in Fig.5. 

Or c can ae o now t ha t large va Lue of at low "nergies ia aBer f + EL [-2 Im 1(0)] - 2 EL [- Im !(o)1}. reau l t 0[' Lhe unltarization, .í s e , self-screening of the pr'oc es s ea 
"fl t li a 11) q~ (~ C l' ofJ B S ec t i on • 

(12 ) 

. 6fP.The r aauLt of ca Lcu La t on of et with t he parameí Tbe va 1UC 01' t he effective slope contains only a orne av er'age d 
ter values fixed 1n the Table 1s shown 1n F1g.4.A good agreement 1 i n f o rn.a ti 011 o bo u t the process. A more serious test is the comparison,

of calculation with the exp eru men t a L data/5/ ia an important_eviden of cRlcu]ntlon~ wlth the data on the angular dependence of the 
ce for the "black disk" regime. In tbe "gray disk" case q~" wauld ~iffcren~jal orOU8 section.:'11 
be smalIer. "For t hn pa r t I n l arnpLi tude (J) the differ'ential cross sec tion 

. The pass1bility calculating ~:[knaWing the value Df can be writton au
 
Q)~~ anly i8 nontrivial. For instance, in .tbe case af a gaussian
 ImJ(O} e

c/6 2form of the amplitude F(b) one should also know the va Lue of slope B k2
/ ) .~x (1- e-X) Jo(~b)l. (14)paràmeter Bef~ which i8 very large at low energies (see the next See). Jfl c.m. 

7 
() 



~.	 i Fig.5.	 real parto Indeed, the ratio J'J)D = Re fJ)f> (CJJ/lm fJ)Í) (~J\ =0 

(in the case Df exchange degeneracy) i8 equal to ~ Effective slope Df the 

elastic ff scattering. 

The curve is the calcu
~2> = f [~ 'iiol.fdOJ - ctg 'iToI.~ fOl] .lation result with para

;. (15 )meters from Tablú. Dataf:tt" As was mentioned above (~ee (10», cx'Jl~(O) :::.2,of/ll(O)-oI.R ( O) points are taken ~rom• 
~ 

ref/ 9 - 12/	 =-:-1.3 if ~N (O) :::.-0.4. The corresponding va Lue o f ..PJ>.D from. 
~ (15) is 'pJ)i) ==0.73. Note a high aens t v í t y of JJ)j) to the ,	 í í\;:; 

01.,,(0) va Lu e , 1f, for instance, one sets o(N(O) ==-0.35,~ 
he finds f.D.n:::'1. 38 •. 

The diquark-exchange contribution to the amplitude 
crf 

20 
i8 given by the following expression 

lmf(o) 

p == Lfrnj3 Jdx. e-x S,-\'l [x P -Im !Dj)(O)IIm 1(0)] . 
) (3 rr X )1>1>	 (16 )

tot oo' , , "".1 • _' '! ,"',. 
o.
 ~
 

~ 10 Fj g. 7. 

~(GeV/c) S
 
Fig.6. ~
 

• ~ 1.Elastic scattering differential
 
crass section. The experimental
 ~ 
points are t aken from ref. /13/ 0.11 e e , ,.. ' , • si ' 

1.0 0.6 0.2 0.6The curve is calculated with j( ~
 
parameters from the Table. COS ()
 
. . 

(14 ) 

Here k is the pp c s m, momentum; Jo Ci~) Ls the Bessel
 

function; ~2::: 2 k< (f - C05 e); b =.2 Bett [IM/(o)/x] .
 
1 2. 11 6 10

The comparison of the calculation with experimental data/13/ in
 
Fig.6 displays a good agreement up to a large angles -- 90°.
 Fl.(G~V/c) 

The calculation contains no free	 parameters except those fixed5. Real part of the forward scattering amplitude 11,14/
in the 'I'a bLe .The results are compared with dél.ta/ 9- in Fig. 7. 

Two c urve s c or-r-e s pond i ng to 0(,." (O) :::.-0.35 and 0(", (O) =-0.4
Let us consider the contribution	 of the graphs shown jn Fig.2 

d erno ne t a t e the ser:sitivity of f to the r:XN (o) va Lue ,
to the real part of the forward	 ff elastic scattering amplitude. ~ Note that thc ~omentum depende~ce of r is typical for theGrapha 2a and 2b give almost imaginary contribution because the first
 I "black disk" limito Jndeed, while the momentum is df'creased in a few
 
one has an interesept close to one, and the second one is cancelled 

GeV/c ranpc, the Fig. 2c diagram	 contribution grow8 and the value
in~he .real part of ~he amplitude due to the exchange degeneracy of 

offbecomes 18r~e. But as the momentum decreaseD below 1 GeV/c, other reggeons. But the diquark exchange contribution (Fig.2c) has a nonzero 

8	 E) 



ann í.h í La t Lon c on t r i bu t Lone become dorn Lian t and shadow the real part 

Df diagramin fig.2c. Thus, tho value Df f tends to zero. At 

smaller momenta the real part Df t~e amplitude is determined by an 
unknown contribution af the recornbination mechanism. 

The agreement Df our predictions for the real part of the amp
litude with the experimental data is an essential Brgument in favour 

Df correctness Df the diqutlrk oxchange energy depencJence 1?nd existen

ce of the "black d í.s k " r'egimo. Note that the r aau l ts obtained are no t 

a consequence Df the analyticity but only Df the chosen form of 

F(b). Dispersion r'e La t I ono da not give a ny reliable prediction in 
this energy range (see, for instance/15/ ) . 

6. Ânnihilatial1 at hiriJ enerl{ics 

The pp ànnihilation at h í gh energies is described "in dual 
models/6 , 16 / as a result Df the 

diagrams are shown in ~jgs. 2c 

" ...-- ....II p-

II 
II:Jr: ~ 

a b 
Fig.8. 

string junction exchange. The simplest 

and 8.	 The dotted line denotes the 

string junction. The diagram in 
Fig. 8b dominates in asymptotles. 
It eorresp;nds to, the three-jet 

configuration which has the mean 

partiele multiplicity 3/2 times 

as large as that Df the cilinàer 
diagramo 

Dual annihllatlon diagrama. 

The energy dependence of tbe Pig.8b diagram contribution to the 
total cross seetion is descri1ecJ by ~ X , where/6/ 

À:::: 2 01.. AI (O) - 3c(R(O) +{ ~ -f.3· 

In the	 annihilatlon channel at high energies 

a suppree e í on factor K(V):::::€Xp(-3(VlN,;» ) 
is an average multiplicJty o f Nil pairs in 
that this factor forbide t ho N'iJ production trom 

from experiment that <YL N N > ~ O.1<~'iI>' 

(17 ) 

one should introàuce 

, where <YlN,v> 
one jet. It is c Lea r 
see. It is known 

where <n.'7i"> is 
pion average multiplieiLy whi c h is a ppr-ox í ma t e Ly equal to :2[1-~R(O)~)). 

Factor 2 takes into account ttJ8t pions mostly originate fram vector 
meson.. decays. 

'2 
.~ 
: ~ 

Tbus, tbe contribution of grapb 8b to the annihilation ehannel 
differs from tbe contribution to the total eross section by a faet9r 

K(v) ::::: ))-0.3. 

•	 (18 )I 

~ 
1et us now examine these problems from a perturba'tive point of 

view. The exehange during interaetion by two gluons which are in a 
colour deeuplet state leads to formatlon of two quark systems in the 

final state: decuplet, 3~ and ant~decuplet, 3~ • It is 
clear that such systems inevitably desintegrate into the jets, i.e.~ contribute to the annihilation. The Regg~ intercept corresponding to
l the decuplet exehange has been calculated in paper/18 /
 

i - ~ oc(10 (O) 87rZ 

(19 ) 

where	 ~ i8 the QCD coupling constant. The pomeron intercept in the 
same approximation is oI..R(O) = 1+,3~2.-en.2/qr"z. This value c an be 

estimated from analysis/4/ of tbe experimental data: 6R=oI.~«())-f:::a3·~ 
Consequently, == - D.,R/8th2 ::::: - aos, L e. the decuplet trajeetory6 10 
intercept does nbt praetieally differ from unity. 

The difference ,between (19) arid (17) is signifieant. It is diffi 

cult to suggest th~t it can be redueed by reggeization of the double 

decuplet excbange eontribution to tbe ela~tic amplitude. One can 

assume, of course, ihat the decuplet exehange in perturbation theory 
and the string junetion annibilation in the dual model are different. 

phenornena. But this conclusion is very strange. It is worth reealling 
that value (17) is strongly model-dependent, and expression (19) 

is obtained in the region where parturbatton theory is invalido Thu8, 

the question i8 still open. 
1et us try to extract the effective intereept value directly 

from the experimental data/5/ on ann1hilation eross section. Only 

two diagrama 2c and ~d from those included into fit Df the total 

cross section contribute to the annihilation. But this one falls off 

too rapidly with tho energy growth. Let us introdu~e supplementary 

*The pomer on nppr oxíme t íon by two poles w1th oi(o) =1 and 0/(0)= 
= i + A haa beon oonaidered in ref. /4/. 8uch a variant ia more 
appro'Prj~to for tho Qr:D caleulatlon/.f than a eingle-pole approxima
tion uBed here in seot.2 for a1mp11c1ty. 

I () 
11 
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The momentum range of the existing data/5/ is restr1cted by value 
term into the annihilation amplitudp. which ahould describe the high 12 GeVic which is below the NJ production threshold for 3-jet events. 
ene~gy behaviour: Thus, factor (18) should not be introduced. 

Value ~ =0.75 found from the fit considerably differs both 

Im fo.h. = b/fi + C vt'dO<Io/(OJ-rXp.,(O)-1 + h. /v<8-, f r-om (7) and the value t2 ei 10 (O) .- 2. given by (19). The effec
tive intercept value iE;! equal to c1(?U(O)::: f -~ =0.25.(20 ) 

It is obvious that the momentum 12 GeV/c may be far from the 

R. (GeV/c)
 

asymptotical region and the value of r:ill..f{ (o) may have noth
ing to dD with the diagram in Fig.8b. Thus, the data on the annihiFig. 9. :~ lation cross section at higher energies are extremely necessary.Results of the ,M There exists also a problem of the annihilation contribution, to thefit to the annihi pp and pp total-cross-section difference/16/. In connection wi thlation cross sec ~ 

I this question it ie desirable to study the process/16/ of pp-inter~fOO tion data/5/ hy the 
action with nucleon pair production in the f~entation region of oneformula (21).~ of the incident protons. Thie channel can be descrlbed as a result of 

C the string jUnction/16/ (or decuplet) exchange in the pp scattering.es
It is interesting that the energy behaviour (17) of this reaction 
cross section in the dual scheme is close to the nucleon exchange one. 
Just the nucleon exchange ia responaible in the Regge phenomenology 

O '10 

20 
for the transition of the baryon quantum number through a large rapi
d í t y rgap , 

10 , • t , ! , , • , '" I 1 I I "I " J 
0.2. 0.4 1 Z Li 20 7. Conclusion 

The analysis performed here showa that dynamical origine of the 
large value of the ff slope parameter ia the unitarization of the 

The parameters b and chave been fixed inthe Tnble. The values elastic scattering amplitude. The impact parameter píc turea of fip
of .h and' ~ are determined from fittinp, the experimental-data/5/ scattering at low and superhigh energies are very similar. Fitting 
by the following expression	 the total cross section we predicted low energy values of the slDpe 

parameter, elastic cross section and real part of the forward elastic 
scattering amplitude in good agreement with experimental data.6Q~== <2 fd 2bexp[-Im!(b)] {exp[rn1fll~(b)1 - 1} 
This set of results testifies to the existence of the "black disk" 
limit in pp interaction at low ener&ies. The analysis confirmed-J/1, exp[-2 r"'f(h)J{exp[I"'!"n (6)] - i} . also the correctness of the diquark exchange energy dependence. 

.~ Note that the unitarization 8cheme i8 not unique. Once can con
sider, for example, the amplitude in the form 

(21) N 
The results of the f:it (h.=1.95 and g =0.75)are s h own 

in Fig.9. Note that inclusion of a new term ihto the ann:ihilaton ~ 
I

~.F(6) = 1_ ;I (/,)amplitude (20) does not eS8entially influence the total cross sect:ion 
(22 )

because the energy behaviour of this term is close to that of the 
rho nRronmon~ or t~n olnotlo crcae aoction and real pMrt of~ 

ampJ.itude f R. (v) ,Le. it has been e f f ec t i.veLy contained in tre I 
t ne 81lpl1tudo 1'/1 Lh oxporl.montal data in thin cose 1.S not 80 good as

elastic ampli t.ude J ( b ). 
for the oikonol unlcnrlzatlon (). 

J2	 la 
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It is worth noting the importance af correct usage of the am~li


tude F(b) in Glauber-like calculations of the P-nuclei inter


action c~oss section at low energies. It ia known~j4/ that the
 

~sage Df a gaussian amplitude F(h) at superhigh cosmic-ray ener


gies produces a considerable error in the hadron nuclei cross sections.
 

The latter comment concerns the possibility of existence of the
 

baryonium/19/. Due to the "blackness" the annihilation amplitude fully
 

shadows a LL other channels of fi? scattering in the interaction range
 

b
a 
~ 2. Be/E. . At momenta ft.. f::.. 0.3 GeV/c the shadow has a
 

transverse ~imension larger than 2 fm.
 

This work was essentially stimulated by helpful discussions with
 
L.I.Lapidus and his interest in the subject. rOam . grateful also to
 l
M.G,S~pozhnikov who informed me about interesting properties of ( 

". Lrrt er'act í on at 10\'1 ~nergies and supplied with some experimental data. 
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E.3.KorreJIHOBH"t! E2-86-471 
MexaHH3r>1bI B3aaMoAeticTBHfl aHTHrrpOTOHOB 
rrpa HH3KHX H BbICOK:HX aaepr-arrx 

Iloxas aao , t.ITO OOJIbUlOt\: paAHYC B9aHHoAeikTBHH pp ripa HH3
KHX 3HeprHHX ec r s YH'HTapH3aU;HH aMflJIHTYAbI pacceaaaaCJIe~CTDHe 

- HBJIeH'He, a'HI.JlOI"'H'"IHoe TOMY) ttTO O}JGlp,aeTCH npa CBepXBbICOKHX 
3Hepf'HíIX. B 0t50HX cnvxaax aMrtJ1HTYAa pac cermaa HMeeT cP0PMY 
"xepuor-o AHCKn". Jles CBOOOp,HbIX napaxe rpoa BbI'tlHCJIeHbl HaKJIOH 
H ,o,HcPcPepeHI~HoJtbJIOe Cet.IeHHe yrtpyr-oro pac cernmx , pe am.xaa 
4aCTb llMnnHTYAbl pacceflHHH Brrepe,o,. 06cY~AaeTCíI Bonpoc o Me
xaHHSMC nIIHHrHnflIJ;HH ripa BblCOKHX 3HeprHHX. 

Pn(5oTn DwnonHeHa D fla6opaTopHH TeOpeTH'tleCKOR ~H3HKH 

OHRH. 

Ilpenpmrr OÕ'beAHHemloro HHCTHTYTa anepnsrx HccneAOBaHHH. Jly6Ha 1986 

Kopcliovich B.Z.	 E2-86-471 
Mechanisms of ~p Interaction at Low and High Energies 

It is shown that large radius of pp inte~action at low 
eneJgies is the result of the sc~ttering amplitude unitari 
·zation, analogous to that believed at superhigh energies. In 
both cases partial amplitude takes a form of "black f' disk in 
the impact parameter space. After fitting the total cross 
section, the slope, the total and differential elastic cross 
He~tion, the real part of the forward elastic Bcattering 
omplitudn arA cnlculnt~d without any new p~rameters. The 
mcehnnlmns of: pp a.nnihlllltion at high energies are also con
s i do rr-d , 

T11l: l nvr-u t iglltiol1 1J1\!i houn pv r Io rmcd a t the Labcra t ory
 
o f Tllnlll'(·r.i.c~ll Phyn i c s , .rTNR.
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