06bEAHHEHHBIN
WHCTHTYT
AL PHAIX
WCCAGAOBANHA

AYGHa
E2-86-495

S.V.Goloskokov, S.P.Kuleshov, 0.V.Selyugin

ELASTIC HADRON SCATTERING
AND NUCLEON STRUCTURE

Submitted to ""fAnepuan pusuka”




The problem of confinement in QCD concentrates our consideration
on the dynamics of strong interaction at long distances. The effec~
tive constant of QCD grows at long distances, and now no microscopic

theory does exist in this region. The QCD sum rules/1’2/

permit one
to investigate some dynamical propecrties of hadrons. However, the
elastic hadron scattering cannot be investigated on the basis of this
method. Therefore different models for description of hadron interac-
tions at large distances are developed which are based on the general
quantum field theory principles(analyticity, unitarity, and so on).
They must take into account basic information about the hadron gtruc-
ture as a compound system with a central part region where the va-
lence quarks are concentrated and a long-distance region where the
coulor-singlet quark-gluon field occurs.

We want to note that full swmmation of long-distance contribu-
tions must be carried out because of a lerge magnitude of the strong-
interaction coupling constant, The most consistent solution of this
provlem can be done on the basis of the logunov-Tavkhelidze quasipo-
tential method/S/.

In this peper we shall investigate high-~energy pion-nucleon and
kaon-nucleon scattering in a wide region of momentum transfers. It
will be shown that taking long-distance effects into account permits
us to determine from an unique point of view the amplitude of ﬁ173
and K‘!P scattering. As & result, different properties of high
energy meson-nucleon scattering are explained and the corresponden-
ce to nucleon-nucleon scattering is shown. All this permits us to
conclude that a unique picture is obtained for the hadron processes
at high and superhigh-energies on the basis of the model of hadron
interaction which tekes into account the nucleon structure at long
distances. Let us investigate the + -chennal singularity structure
of the scattering amplitude in oder to define diagrams which deter-
mine the high energy dynamics of strong interaction at long distan-
ces.

The Born term of the scattering amplitude can be represented as
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a sum of ¥ and U -channal contributions:

m(s,t,u)= Tis, )+ TGEu), )

where T (S,+) and T (S, «) have diffraction maxima at forward
‘and backward direction, respectively. Amplitudes (1) decrease rapid-
ly with growing /f’ and [LIL This permits us to represent them in
the following integral form:

e +
Tist) = felx 9, (s,0e" @)
T (5,u) = 360 Pucs,xre™”.

In this case for hard processes the region of small 0< X <1 GeV_2

is essential. For soft processes the mein contribution comes from the
region X2 1 GeV—1. We can take into account only the ‘é -channal
contribution in (1) when It//s << 1,

The density funttion \pt (S,X) can be calculated by using the
inverse Laplace transformation:

The integration contour can be removed to the positive + -region,
As a result, we have:

< (3)
Pf, (s,x)= 57-! SCH- éXi‘J"‘f, T(S,i) + (pole term
| to

contributions).

Representation (3) can be easily obtained from the dispertion rela-
tions for the scattering amplitude at fixed S .

It may be considered as a sum rule for determining

the soft part of the density function with the use
of the calculated imaginary part of the amplitude T (S,¢t) on the

4 -channel cut, In the region of‘f - fixed, defined by the particle
interaction at distances of an order of the hadron size, the density
function is essentially contributed by X = 1 GeV_E. The factor
exp (- Xt ) permits us to take into account only the nearest + -
channel singularities, So, in the unitarity condition we take account
only, of two-pion elastic contributions. Keeping the pole term in one
amplitude in the unitarity condition and the asymptotic term in
other, we obtain that the essential contribution to Jme T’ (Sit)

comes from triangle diagrams (Fig.1). They are ccnnected with the
pion meson-cloud of hadron and determined by the hadrcn structure at
large distances. It can be shown from (3) that the triangle contribu-
¢ion completely determines the eikonal phase .ehaviour at distances
P % 5 GV, '

0f course, at distances Q.¢ i/éf‘m ~ 4 GeV_1 we must take in-
to account the inelastic contributions with four, six, and more pi-
ong in the <+ =-channal and the contributions with heavy mesons. The
estimations of these effects are very difficult. But they have a
central character and their contribution can be determined as a func-
tion with free parameters.

So, the scattering amplitude can be decomposed into two parts:
- . g7
T(s,t)= Tel(st)+ Tp(5¢t), (4)

where 7} contans a central part of interaction and is determined
phenomenologically, 773 is a peripheral part‘of interaetion deter-
mined by the triangle contributions with two-meson exchange in the
+ -channal. The gimplest spinless variant of this model describes
all known properties of hadron scattering in a wide momentum trans-
fer region at ISR energies 5/ in a unique way. The model leads to
the scattering amplitude which is an analytic function of 4 . It
leads to the energy and + -dependence of the diffraction peak slope
at small 'f . The differential cross section in the model has one
diffraction minimum. The smell slope of differention cross sections
at large + is dete;mined by the radius of the central part of in-
teraction which is of order 0,5 fm, In the case of 3T7> -scatter-
ing at F{ = 200 GeV the model predicts the diffraction minimum at
3.5 < [E]l< 4.2 G8V2. This result was confirmed experimentally/6/.

The model generalization to the spin particles was done in/7/
(meson-nucleon casc), It was shown that in this case in diagram (1)
there appears the term with additional VS .

In this case we have for the helicity meson-nucleon amplitude
in the Born approximation:

Ths (4 )~ bs,t) ; Th- (st)~ -V%T[ﬁo(fs,t)+a/s.t)]~

o VIET L (S, E) 5)
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where S(s,t), o{(s,'ﬁ), Q(§,1) slowly depend on energy.



Thus, the strong interaction at long distances leads to the
dynamical mechanism of the slow enecrgy dependence of spin cffects.
The dimensional paramcters determining the magnitude of these spin
effects are masses of an intermidiate nucleon state and masses of
scattering nucleons which contribute to the ti(S,tJ amplitude/7/.
When we calculate another reaction only the amplitude M in diag-
ram of Fig. 1 is changed. So, we conclude that the structure of the
meson-cloud contribution to the helicity-flip amplitude (5) is simi-~
lar for different hadron reactions, and the terms containing an ad-
ditional VS  factor must be in the amplitude of any reactions,
independently of the -+ -channal exchange in emplitude M (Fig.1).

nucleon nucleon

P o i
1OF {O=

mason megon

hadron or

a system of hadrons

P i gs 1. The contribution of two-pion exchange into the hadron-
hadron interaction at long distances,

As a result, the slow energy dependence in polarization must hold in
a wide class of hadron reactions, including the charge exchange pro-
cesses T P>2TN%n
- Pp-b/\x » and so on. The slowly energy-~dependent polariza-
tion is observed experimentally in inclusive reactions. However,

y "P—=bwn, ..,, inclusive hadron reactions

further theoretical and experimental investigations in this directi-
on are necessary.

Summation of ‘long-distance effects on the basis of quasipoten-
tial equation leads to the eikonal representation for the meson-nuc-
leon helicity amplitudes:

‘ T ALK
T4 (s,t)=¢'P§9°'.? Jo(f’“)[’-' -€ )J, 6)

v - ~-X(p.8)
To(st)=p S pdp Tatpa) Zstp,s) € ,

[~4
where the expressions for the eikonal phases Z(P,S) and 2’1[9,,5‘)
contain the quasipotentials bes,r), Qs r), oLlg, )
and a growing as V8' term in X(938) /7/.

The eikonal representation (7) will be used for the descrip-
tion of experimental data for ¥ P  and KT P scattering. The
estimations show that because of smallness of ®(§,r) the growing
as V§7 term in the eikonal phase ;([f,s) is essential at
VE? # 200 GeV and unimportant at experimentally available energies.
The contribution Q.(S,'é) determines the decreasing with energy
part of the helicity-flip amplitude. This term can be omitted at
E, > 50 GeV. As a result, in the energy region 50¢& E,€ 400 GeV in
which we analyse the meson-nucleon scattering only the amplitude

T+ (,g,t) can be taken into account. This amplitude has a
standard form (6) with

X(p,5) = Xe(ps)+ Xpl£S).

Let us approximate the calculated in the model peripheral part
of the eikonal phase pr by the form which is similar to that: of
PP -scattering:

27,; (0,3) = hp (bis)+pd)fe

The parameters in (7) depend on energy as follows:

(1)

Mels)= Malwecs) ; bpls)=Ba/mets);  Masls)= paleecs)
#(s)=[1+Lllus- )] " B2

From the model calculations we have obtained the following values
for the effective masses Mg , M, , effective radius B4 and
constant h’p and L\a‘g
My 1.17 GeV; Mg = 0.44 GeV; &4 = 2.32 Gev™
hp = 0.116Gev? has = 0.2.

1

The perameter ol determines the total cross section growth, In our
model o = O,1. This is an average value for different reactions.

The contribution of heavy nucleon states to diagram (Fig. 1)
will be taken into account phenomenologically by including the pa-

- ﬂpcs)V&P’(s)rp:_ /7“5 e—rgs)%f,(sng
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rameter 3P into the peripheral part of the eikonal phase:

FP_ ,Tp o
]
Xp"=9p"%p
The central part contribution to the eikonal phase is determined as
in the proton-proton case and has the form/B/

Zelg,s) = he exp(-pmets)Vbeis)+ p?’), (9)

where the effective mass Nc and effective radius gc have the
same energy dependence as Mp and 6,; . Most of the experimen-
tal data are in a low-euergy region.To obtain a quantitative descrip-
tion of these data, we must include in our consideration the i/\/_'
part of the helisity-non-flup amplitude, For simplicity we assume
that thé cross-odd and cross-even terms of 1/VS—’ part of the eikonal
phagse are similar and determined by the peripheral effects. As a re-
sult, we obtain:

TP A+(B }?’

Wy T Tyg P

The parameters of the central part of interaction and parame-

ters A and B were calculated from the experimental data on S7Zp

reaction /9-13/ (2’2/252 :{ 03)

TP . B+iA Y .
) x‘/f" v’ Ee (10)

A= (26‘,05:“2,3)@@ ; B=1(34,85:2,5)cev
TP _
he = 3,0720,23 ; 9p =4,0%20,0¢ (11)

-1

In the case of kaon-nucleon scattering the long-distance part
of interactions is determined from the same diagram (Fig., 1) with
the smplitude M™Mxr . So, we have approximately:

kP _ MNP ¥ .
2P = 9, Xp G

Let us assume that the eentral part of z <P is in form similar
to 'xc » As a result, in the case of RP -scattering from the
analysis of experimental data only the effective constant /) ke in
(9), coefficient g ol (12) and parameters A', B' in (10) were
determined. Quantitative desgription of experimental dza.ta/11 13/

( Z?‘/Zz = 1,27 for the number of experimental point N = 230)
was obtained for the following parameters.

.
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Fig. 2. The differential cross sections of TI‘P elastic scatter-

ing. —-——— - fit for I 7P P, = 59 Gev,

200 GeV. and  predictions for p. = 20 GeV

and pP. = 1000 GeV. -predictions fox-
ﬂ’-—scattering {experimental datea for 7 °p —scattering/9’19/

A =(5.67%0.06)Gev = (15.27 ¢+ 0.16 ) Gev
¥p

he = 3.73 ¢+ 0. 05 gp: 0.63t 0.0142 .

Thus, consistent account of the interaction at long distances
. +
permits a quantitative description of JTIP and . R:tp scatter-
inge.
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1(Gev?)
+ .
FPig. 3. The dirrerential cross sectiong for R‘f) -elastic
scattering. — - fit for R'fp » P =50 GeV,
P, = 200 GeV and predictions for [ = 20 GeV and P-
300 GeV. — ———  — predictions for K P -scat-
tering. (Experimental data: a -KPp( P = 20 GeV);
o-R¥ (P, =500ev); #-RPCP, = 200 GeV)).

If can be seen (Fig. 2,3) that the diffraction minima are in
!tl ~ 4 Gev? for both meson
-nucleon reactions. This result is due to the same form of the eiko-

the same momentum-transfer region

nal phase obtained in the model for pion-nucleon and kaon-nucleon re-
actions, The crossing-odd part of 1/V§ﬂ term of the eikonal phase
7Ep and Kip
ficiently small in .')Ti'P end large in K* P - scattering. The

1/b§7 terms of the

ig different in scattering. This part is suf-

ratio of crossing-odd and crossing even parts of
scattering amplitudes are the following
. 5t R*
R™MP. _o.15; R™P < o.46.
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As a result, we arrive at a different behaviour of the ratio

P(s,0)= ReW(,S‘,o)/JM TS, 0)

(see Fig.4) and differential cross-sections at the diffraction-mini-

mm region for W¥ P and KIpP scattering (Fig.s.2 and 3).
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fraction peak.

The behaviour of the diffraction peak slope parameter ig univer-
sal for all hadron reactions. The diffraction peak slope depends on

S and 1_ in the whole momentum trangfer region for meson-nucleon
and nucleon~-nucleon reaction.

So, we can conclude that a self-consistent picture of the meson
-nucleon and nucleon-nucleon scattering has been found in this paper
on the basis of the dynamical model which takes into account the nuce
leon structure at long distances. As & result, the quantitative des-

cription of different properties of hadron elastic reactions is ob-
tained.

We hope that consistent summation of the long-distance contribu-
tion to the hadronic interaction with the particle spin taken into
account permits us to explain different effects in other high-energy
hadron scattering processes at amall angles.

The authors express their deep gratitude to V.A.Matveev, V,A,Me—
shcheryakov,. A.N.Tavkhelidze for interest in the work and useful re-
marks.
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Ynpyroe paccesHHe aZlpOHOB U CTPYKTypa HY KJIOHA

PaccmoTpeno ynpyroe NUOH-HYKJIOHHOE U KaOH-HYKJIOHHOE paccCefi-
HUe IPH BBICOKMX 3HEpPruAxX B IUHpOKOH obnacTu mepemay ummynbca. [To-
Ka3aHo, 4TO yueT B3auMOAeHCTBHA Ha OOJBIUMX PACCTOAHMAX I[103BOJIAET
¢ eOMHOH TOYKM 3PeHHUH OINpeHesUTh aMIUIMTYIAbl 7T p U K p-pacCesHHs.
B pesynbpraTe 0OBACHEH WHPOKHH KpYyr 3KCIEPHUMEHTAIbHBIX SABJIEHUH
B BBICOKOJHEPTeTHIeCKUX Me30H-aJIPOHHBIX peaKUHfX U [TOKa3aHO UX COOT-
BETCTBHE HYKJIOH-HYKJIOHHOMY pDacCesHHI0. DTO IMO3BOJAET COenaTh BLIBOJ,
0 MOJIy4eHHH eIHIOH KapTHHBI aJpOHHBIX MPOLIECCOB IPH BLICOKUX U CBEpX-
BBICOKMX 3HEPruAX B pPaMKax I[PedSIOKeHHOH MOoIenu aapoH-aApOHHOrOo
B3aHMOJIEHCTBUA, YUHThIBAIOUIEH CTPYKTYPY HYKJIOHAa Ha GONbILIKMX paccToA-
HUAX.

Pabora BbInonHeHa B JlaGopatopuu TeopetHueckoi ¢usuxu OUAU.
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Elastic Hadron Scattering and Nucleon Structure

High-energy pion-nucleon and kaon-nucleon scattering is investigated
in a wide range of momenum transfer. It is shown that taking into account
of long-distance effects permits to determine from a unique point of view
the amplitude of ntp and Kip scattering. As a result, different properties
of high energy meson-nucleon scattering are shown. All that permits to
conclude that a unique picture is obtained for the hadron processes at high
and superhigh energies on the basis of the model of hadron interaction
which makes allowance for the nucleon structure at long distances.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.
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