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8p. 

New approach to the rescatterings on the supercritical Pomeron is . 
developed. Rescatteringvertices 111. are determined in the form corresponding 
to the contribution of two diffraction particles beams. 

Their general properties are discussed. and different particles production.· 
cross sections are written in terms of 1n. 

Some examples of the simu1t~eous description of high energy elastic scat
tering; diffraction production and pionization processes are considered. 
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1. The general reaca~ pietuft 

, At extremely high energies s/m'j, - 00 the supercritical Pomeron theory 
(havmg A = Qp(O) - 1 > 0, A ~ 0.1 - 0.2) determines t~e' elastic scattering 
, . 00 • ' 

amplitude M(.,t) = 1 ~F(b,s) . Jo(bp1.)bdb in the form ofthe sum of a-large 
, 0 

~umber « n :>- (s/ml,.)A) of rescatterings: ..F(b,.) =1 - S(b,.), 

8(b, 8) =eq[2i6(b, .)l =f(-9(6; I»"1..(6,e) (1) 
n=O n. 

where 1" are some unknown rescattering Gribov's coefficients; 

• l1(b,~) =
, if2 

Mp(P.L' .)Jo(P.Lb)p.Ldp.L 

-is the onePomeron contribution, Mp ~ iAp(Pl)ezp[eA - Qp(O)~JPiJ" ~= 
-ltl.sfml,. - i1r/2 and the degeasing dependence of the Pomero~ residue 
'A~(P~J = g<1}(pi)g{2}(P1J on t = -Pi is nQt determined by the theory. The 
function 8(b, 8) will be called below"8 - matrix". We remind that th" Gaus
sian form of the residue'\ p = ,\pezp(- R2pi), valid only for small pi < Jl;J2, 

leads to a simple v(b, s) = (Ap/r~)ezp(eA - b~f4r~), r~ =R~ + QJ,{, which 
is at {:> 1 very large for small b < bn (where 11 - ezp({lA) ~(sfml,.)A:» 1) 
and is small: 11 <: I, at large b. 1 

Considering 1" as an analytic fun(;tiolt of n : 1" = 1(n) at n = 1,2, ... 
and demanding that 8 = 8(11) in ~q.(I) has to decrease- for v ~ 00, as this 
corr~ponds to the black'disk absorption F(b,,) - 1, at small b < be and at 
,{m'j, _oo(see Fi~.1 where bo = bote) • a~ is the interaction radil~s) -it is 
easy,to show that1(n) can have singularities only at the left half-plane of till! 
complex n-plaue 2 and, the conditions must hold : 

1(0) =I, 1(1) =1 . (2) 

'At I}/4,.: =eA, i.e. at b =bo' ~ =4(R~+a'~)eA, the value of ,,(b,.) is of 
order olunity. Thus, the interaction radius bo = 2Jeip AI" rise like In(;fml,.), 
what leads to the Froissart limit: at'" ~ 211'b~ ~ (811'cr'p A)e2 in this moriel. 

~I:\ 'Authors thank M.BrauJi. for this remark. General features ol1(n) will bl) 
considered in a separate publication. 
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Fig.1 The profile F(b) F"Jg.2 Eikonal model !J"GP/u a}; "), 
of the scattering, dashed c), d)-two chanal pictun!. 
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ii) The so called MOW approxima.tion 1" == 1,ft~ I. corresponding to the 
graphs shown in Fig.2a, ' , leads tQ zero val~ of di1fractiOB"~iiOh 

(DO) cross section aDD =2a1D +a2D and giftS S = ecp{....v(b,.»),F='1 .,.;i 

-ezp(-v). However, even in thfs apprOximatio~ the Hanvanl-M*.rseili,! pup 
[1] was able to obtain aperCect description ot'pp, pp elastic ~~t;ing up' to 
Pi .... 2(G;")2 choosing the power type ~due . , 

" ( 2) ,,,' [(1 ..;J /' 2)(1 -3/' 2)]_2 1- Pi/a?
APP.L ="1" +.#'1 m 1 +1"1. 1n2 1+ 2/ 2" (3)

" p~ z 

where the first pi depending factor coriesponds to a matter distrihlliion in the 
proton lUla1ogous to a charge distribution, with ml ~ 0.58GeV,m2 ~ 1.1GeV 
and the zero at large P.L = a in Ap(Pl) was iDtroduced in [1] by hand (Ap ~ 
2.1(GeV/c)-2, 2 ~ 2.0 GeV/c). . 

iii) The "quasi-eikonal" appro.ximation' [3], which cotresp9nds to 1.. ~ 
_0"-1, C ~ 1 + qIJDlcrl, n i'O and to 10 = I - 0-1, i.e. ' to R =' 
-a(I- ezp(-C,,», was successfully ued.[2} tQ. desen1)e·;simultaneou.QY, the 
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PP,'Pp scattering at small P1 $ p~ $ 0.2 - O.3(Gev/c)' and, also, aU available 
information abou~ the particle production a~ high energies. However it does 
not describe the J.urlldP'J. behaviour at pi ~ P~ and instead of the black disk 
at ,/m;v -+ 00, v -+ 00 (at b < ~), leads to the constant grey disk (see dashed 
line i~ Fig.I) due to violation of tlle condition ..,(0) == I . . 

Below, all particle production cross-section will be expressed in "terms ofthe 
coeffici('nts 1..(b) and some simple models witt be considered, where 1.. ::F-1 
arises due to the production, in the rescattering process, of two diffraction 
beams of particles ,with small masses All ;.... !If, ..... mN (see Fig.3a.). Thf! 
particular model of such a beant in the NN - NN interaction cases can be 
the production of an excited state N' of the nucleon in rescattt'rings (as is 
shown in Fig.2b). Fig.2c and 2d show graphs describing one jet and two jets 
DD processes. 

2. Particles production crou-sections 

Our norma.lization corresponds to U 'Di = 81l'ImM(s,O), cJqe1ldpl = 
=411'1 M(s,pJ.) 12• Writing any type of cross section iD. the form 

17'($)= f a-'(b, s)d'b::. 21f fOll 

iji(b, s)bdb 
o 

2one finds: qtDt(b) = 2[1 ~ Re8(v)], uin(i»::. 1- I 8(v) 1 and also 
2 3•qe'(b) =1 F(b) 1 == 11- S(v) 1 Now, usingAGK rules one ob~ains, (with 

v =Vl -+ i'll2 ), the cross section lf~(b) for the production of some number 
k == 1,2, ... of Pomer~ showers of hadrons in the form: 

'. (b) (2Vl)k ~ (- 2Vl)" -';-(b) ~ - (b) '1 8(2 ' (4)Uk = -k'-'L- I 7f1+k, 17 == L- U" == - Vii 
• • ....0 n. 11=1 

u'D(b) for N N scattering in the form or the (onaWing S1lms: 

00 

o (TID = L 0"",,A2[v'1.,+~7,,,7,,, - 7..,7",J. 
" ..",=1 

• 00 '1 (6)
O"'lD = E 0'''',1II1J7",+", - v'''''',7''a]

""IOt=1 
. (-V}-'(-II·}-S'· •

where U"""1 = "'!"S! • Note that the term 2v'7",+"11..,7", canc:dlf out JD 

the sUDl2~and Eq.(5) is thus reopened. . . ,.oj 

::~l\:, 

3•. PartiCles beams at rescatterings Uad 1.. radon; 
some attempts or data It 

There exist many functions 7,,(b) = 7(n,b) of variable n which satisfy. 
Eqs.(2) and ba~ singularities only in the left half 1'-plane. To bave ~e 
orientation in the form of ,,, == 7(n) let os consider tbephysica1picture of 
production of two diffraction beams of particles with small effective man M1".... . 

M2 ."",' mN in. the rescattering process sbCJWB in Fig.3:- for' elastic BCr.t~ring . 
(Fig.3a),forone DD jet production (Fig.3b) and for two DDjets pro,tuction 
(Fig.3c). " '. 

pr4JJJ~ ~cm)· r;t~ TIt 
.a.) 6) -' c) 

Fig.3 Two dijmctio,n beam' pictureS:
 
a) for el4Stic ,cattering, b) for O'ID, c) for 0'2D·
 

The upper and lower beams are se~ated by alarge ra~idity intel'Vali we 
can consider their effed separately putting ,,, = /31"{Jz.., or 1" = /3~ for NN 
interaction case. The longer is the length of these. beams (i.e. the more links ,. 
k :5 n -1 they pass in apper or in lower parts in Fig.3) the smaller must be. J 

'As the smaller is the probability for the beam io reach the finite targer / 
with area 1I'Ri(~ "'" lImN) in the purusion in the im~ parameter space. 
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; their contribution rv ~ to the eikonal value 13ft = 1, where .\, a ~ 1 are some 

pvammrs. Therefore: ' 
.-1 .\ 

f3,. = f3(n) = n (1 +-L_)"-:-lr , wit1l {3o(O) = ,8(1) =: 1 , (7) dJ1df: ' 10· 
~1 ~+a ' 

as, for k = 1 the enhanced factor 0 1 =1 + 1~' which corespf)llds to each link 
10' 

in Fig.3, enters n - 1 times. Comparing this factor with old "quaaieikonal"
 
model [2] where 12 ~ Or ~ 1+1/2 one concludes that .\/(1 +a) ~ 1/4. The
 
factor O2 = 1 + .\/(2 +a) enters n - 2 times in f3n and corresponds to beams , 101
 

avoiding one Pomeron vertex, factor 0 3 = 1 + ,\/(3+a) corresponds wbeams
 
avoiding two vertices in Fig.3 and enters n - 3 times e.t.c. This re:mlts in
 
Eq.(7). '
 

The function f3(n) ,in Eq.(7) can be shown to have the simple pole at. n = 
=-fto, no =1 + a and has at n ::> 1 the asymptotic fotm 

10f3(n) =[f(n + no)/r(no)no]", v/no ~ 1/4 (8) ,a.) 1 

dIT~dpt 

-I• • 1.8 reV 
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0.2 0·.. 0,8 

(or, simply,f3 = (r(n+l»",v,.., 1/4 at a = O,no = 1). For 1.. =f2(n) in 

10-2 
urEq.(l) it leads to 8(v) ,.., (Inv)/lIl1o at v(b,e ) ::> 1 what seems quite reasonable
 

physically. However, the b-dependence.of 1.. factors is lost at all in Eqs.(7);
 
(8) (note, by the way, that equalities ,8(0) =.8(1) = 1 still holds in tlle fOTm' 

101 

, (8». ' 
To reproduce this dependence let us remind the old two dIannel (N and 

10-' ~
 
bl  .,f• • 048 GeV.N*) picture of Fig.2b,c,d resulting [3] in '7,. = 1'(n) = (,8'(n»2 with 

110.' I po (CeJlle)1 . 
o 0.5 1! • , . ,. 5'1n+ 1 ( 1 + 5 )n , u(1(n) = -1-- -1-- = t~A1 + tiAz (9)

,+5 +'15 '
 
where e, '1"" 1 are some DD-parameters determining (see [3] for details) the 10·t l-

form of 2 X 2 - Pomeron vertex gp, and (9) is obtained by trivial diagonaliza

tion ofit: iJp ~ (g~)ij = m(Pl)6;j,gi = t;go(Pi),i',i = 1,2, using diagonal 10••
 

"beam" states <Pi = a~;) N + a~i) N°. In Eq.(9) .\1 = 5.\2 = 5/(1 + t), t 1 =
 
FigA d(1clldPi behaviour

='1tz, tz =- (1 + 5)/(1 + 577) and A1 + Az =1, .\lt1 + Aztz = 1. Considering each of -l1o
for S(v) = (1 + v/no) :

beams in Fig.3 as consisting of an infinite number of similar diagonal states 
a) for .fi = 546 Ge Vi for 10--l \.....: .. 

. , ~ ,~<Pi one obtains the more general form: ' 
..ji = 1.8TeV - 8). 

{1(n) =EA; . ti (10) 10"'0 ,,', r~~'tI.; ! '. I • I 
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u ~where A,and ti are some parameters constrained by the conditions Ei.\t' = Fig.S Fit of d(1d /dp'i fOT 
, -i:i .\it; = 1. Putting in Eq.(I) 1~ = (,8'(n»2 0ne obtaines : 1,. = (.B'(nn2'Y~J). 

8(b,8) =2:.\;.\jezp[-t;tjvii(b,.)] (11)
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'1, ' 
where it was taken into accounts that Pomeron vertices gi(J1) Cor different
 

diagonal beam states can have different dependence on Pi (i.e. - can have /
 
, 

Iidift'eren\ parameters ml, fn2 in Eq.(3) ; Ap(Pi) -+ >.~ "" gig; in vi; ). This I 

will just reproduce -effectively the b-dependenteof '1,;.-coemcients. - References
 
Note, that Eq.(lO) is the particular case of a more general representation: 

(1] C.Bourre1y,J.Soffer, T.T.WuJPhys.~. Illi ~ (1979); Nud.Pbya.'

00 Bill, 15 (1984); Z.Ph)'B. Q3l. 369 (1988) .
J3'(n) =/ A(t)tndt for A(t) = ~>'i8(t- til . 
o • [2] A.B.Kaidalov, K.A.Ter-MartirosyaJl/phys.LeU. ua 241 (i982); 

JWe note also, tliat the simplest form for '1n = p2(n) is given by Eq.(8} Sov.NucLPhys. at, 1545 (1.984); ~O, 211 (1984) - '
 
at JJ =' 1/2 ~ "In = '1~1) = H:)~j in Eq.(l) it leads to tIte simple S~~atrix
 [3]. K.A.Ter-MlIl1inleyan!Nucl.Phya. MIl, 696 (1988)
S(v) = (1 + v/no)-no discussed by Braun and Pajares [4] (with, -n at the
 

- place of n.) _ . [4] M.Braim, K.Pa,i,aresHPhys. Lett. (in press) SlUltjago preprint US FT
 
.Eq8.(7)-(U)can be Used fot describtion of du·'/dtii and of panicle pro 91/B/1991.
 

~ 
- dUcUOD data at high energy.. Two simplest examples are considered below: '.~ 

-. --' a) Using 5(11) = (1+ V/norlitoDe obtains the following set of the best 
;.~ _un of parameters:- no= 2'.27, while in: thePomeron amplitude: .:1 = 0.1,
 

'an4a'p(O) ==0.03,>." = 2.9 ill (GeV/c)-2 aDd also in Eq.(3) ml = 0.58,m2 =
 
- 13.~,.'= 16.6 in GeVIc. The d.tT*Idpibenaviour is very good and iunown in
 

Fig.4a f9r ,ji = 546GeV aadin Fig.4b for ,fi == l.8TeV. The resulting Values
 
.....,.,.-_ -at fT"" are:. 6S and 74 mb corresrondiJtCly, while valueS of p = (/1.eMIImM)PL:IJ :,.- .....
 

ate~ 0.106 aDd 0.100. - -'
 
-However; too small q-DD value wall obtained he:re from Eq.(5): at ,fi =
 

'.546 GeV, uI'D =2C11D +C12D ~ 2.4mb"'aa find aa compUed with (vD·O)."" 2:
 
:=O.42V-1 ~ 5.5mb. - - - - 

-b) UsbIg '1" = (f1(A})h11) with tiae ~e '111) = f(n.+ ne)/r(ne)nt ..
 
'ahem! and ~(n) in 'the form'(9) one &n~ the parameters (in the same units
 j
as above): no = 3.92,A = 0.112,a'p == 0.03,~~ :::; 4.66;mi = 0.75,m., =
 
13~1,. ~ 16.6 - being ~ the same in both poles tl = 2.92,1, = 0.55 (what
 
CortellpoW to E =4.31,,, =0.19,or to >'1-== 0.19,A2= 0.81 in Eq.(9). The
 
fit of,~/dPi at -Ii = 546GeV, shown in Fig.5, iI not'80goOO aB in FigA, '.'~
 

'hOwever"DD = 4.1mb is here much closer to t\le experiment ("DD(5*»... ~
 K..Bypeu • iu>. " '5.5mb. .' 
CaePXIPJl'rnecxld n0M9poit, JIIPJ1'09 pacces~ • ~1Uf8 'U~C'l~

These.flrst result are promimlg ad show that calculations have to b". exten nPJI OB8pxBHC01UlX 8KapraL ' ..• 
det to a more realistic verai.on of '1", e.g. defined in Eqs.(9); (10) with different ~-~-'-~-~-- ~ ~,~,~-

parameters mllm1 of Pomerou vertices fot dill"erent lIi;(b,,) in Eq.(ll).. ilo.wmcaso If.atUft 2L.12.92 - -\Ilo~ 6Ox90 1/8 ~'n1.D:~q •. 
jCJ1.-ns-q.Jl.O.5. J•••-QJt.Jl.O.3,' T~ 260 -'In. 3lika3 I ,

Authors-thank K.Boreskov, M.Braun, A.Kaidalov, K.Pajares, J.Sdfer £Or , , .' " i!H.neKC ~9 .
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