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7.A.TPUTOPAH, B.A,IAXBABAH

SiiKOHAJIGHAA 1l KBASHAJKOHANBHAR MOTEIM TEOPM
KOMIIAEKCHNX MOMEHTOB IMIf YUPYTOTO PACCEAHAA
fr ~UESOHA Ul ®0TOPCKIEHUA §°-MESOHA HA ANPE “He

\[OYYEHN WOPMYAH ZAA YOPYroro poccednus i -Me2Ona Ha Af=-
pe “He B TEODMM KOMIJIEKCHHWX MOMEHTOB B pPaMKay. [peANOJoNeHUl
9HKOHaNBHO! ¥ KBa3U2KOHAABHON MOZeZEH TEOpME KOMIJICKCHHX MO-
MEHTOB. lIOKa3aHO, YTO 3(EeXTH AMBHEBOI'O YCUNGHUMA B 00NACTH
QHepruil HaleTawweid YacTUUN Enad=20 + I00 I'sB, omucHBAeMHS C
IOMOWBI NOCTOAHHMX KO2QOUUMEeHTOB, 2MOEKTULHO YUNTHBANT HESYIDY-
TYN 3KDPaHUPOBKY Npy NEPEpPAacCeAHUAAX Ha Pa3HUX HYKIOHAX HAZpa.
BenuuuHu muddepeHUHAATBHEX ceqennu yHe ® OCIACTV KBAZpaTOB Nepe-
JaBacMuX uMmyabcos O#U,3 (Pan/c) BECEMA YYBCTBUTENBHH K 3Ha-
YeHUAM HapaMeTpoB 00GKX MOZeNe# M OTHDHBANT BOSMOXHOCTE UX
ropasjo Gonee TOYHOIO ONpeficieHMA. [lOKA3aHO  Takke, YTO T He
DQPeKTH MOAYYAWTCH ¥ LIA QOTOPURZEHUS Qf-meaoﬂa Ha fAzxpe He
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kpeBan 1976
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EIKONAL AND QUASI~EIKONAL MODELS
OF COMPLEX MOMENTA THEORY FOR

97"* MESON EIASTIC SCATTERING AND
£° - PHOTOPRODUCTION oN *He

In the framework of the assumptions of eikonal and quasi-
eikonal ?odels of complex momenta theory the formulae for the
elastic scattering of a Tt -meson on 4He nucleus are optained.
It was shown thet at energies of an incident particie Elab=
20 = 100 GeV, the shower ennesncement effects as specified by
constant coefficients effectively allow for the inelastic scree
ning at the rescatterings on different nucleons of the nucleus.
The values of differential cross sections are highly censitive
to the values of the parameters of both the models already in
the (0 = 0.3) (GeV/c)® range of transferred momenta and thus
render possible their more accurate determination. It was shown
also, that the sams effecis occur in the precess of Pp-meson

shotoproduction on 4He nucleus,
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I, INTRODUCTIOHN

The conasideration of complex momentsa theory models for

the *He nucleus hae o number of sdvantages., Ag was pointed oul i
in Refs, [1,2} s ths number of reggeon exchanges turns out to

be minimum owing to the quantum numbers of the 4He nucleus. In

particular, in the elastic q 4He scattering and the cohersnt
photoproduction of JDO-masons only  and P'Regge trejec-~
tory exchanges are possible,

At the energies of incident particles equal to several
ten GeV the contribution of P trajectory ies small and we
have pracfically only the pomeron exchanger. Therefore it be-
comes possible to study the purely pomeron exchangses at sttain-
able energies, namely, in the (20 = 100) GuV laboratory ener-

gy range, Further, the consideration of the nuclear size and
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structure allows one to develop the complex momenta theory for
an actual composite system. It turns out then that the effects
of the rescatterings on different nucleons of a nucleus insert
their intrinsic features into the bshaviour of both the dif -
ferential and the total cross sections, They turn to be consi-
derably more sensitlive to the values of paramzters of different
reggeon models in comparison with the case of the target nuc-
lszon,

The work presented deals with the eikonal[B]and the quasi-
eikonalté)models of complex momenta theory for the elastic
scattering of Ji -mesons and the ~Ptmmson photoproduction
on the 4He nucle 4. The differences which stem from the consi-

deration of the nuclear structure of the target effect already

- the total cross section of N 4He interasction and the zero

angle differential cross section of the photoproduction of ff
- mesons on 4He nucleusa, Thease differences rapidly become all
the more pronounced as we pass td larger momentum transfers,If,
for example, the zero angle differemtial cross sections in the
eikonal and quasi-eikonal models differ one from the other by
5 +« 10%, then already at the transfer of momentum T =0.18
(GeV/c)2 the differential cross sections differ by more than
two times in the energy range from 10 to 100 GeV. Futhermore,
the behaviours of the differential cross sections also become
noticeably different, The dip in the differential cross sect%on
changes its location from T =0.30 (GeV/c)2 in the eikonal
model to the value of 7T =0.,24 = 0,26 (GeV/c)2 in quasi-eiko~

nal model., As all these differencss are fully measurable, there
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arise an actual possibility to take into account the 2ffect

of the inelastic sereening directly in the framework cf the
quasi-eikonal model without the introduction of supplementary
phenomenological parameters, Indeed, as was shown in Ref.[s].
the consideration of the inelastic screening in the case of
pomeron exchunges reduces to the taking into account of partic-
leshowers in particle-pomeron vertirces, In the same time, such
8 procedure of the consideration of showers coincides with the
analogues procedure in the quasi-eikonal model[4]by means of
the introduction of shower emhgncement coefficients that is
quite correct in the energy range in question, Hence, the for-
malisw of the quasi-eikonal model may be, in such a case, im-
mediately applied to the nucleus,

We consider the energies ranged from 20 to 100 GeV at
small momentum transfers (0 = 0.3) (GeV/c)z. In this region
the condition of the applicability of complex momenta theory
for nuclei ’% »hmR  is fulfilled {6].

It is noteworthy that the results of our consideration of
the inelastic screening in the framework of quasi-eikonal mo-
del are in a qualitative agreement with the estimates of the
effect of inelastic screening made in Ref.[7]for remarkably
higher-the laboratory energies in excess of 100 GeV - by means

of three-pomeron vertex,
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2._RJGCEON ETKONAL AND QUASI-EIKORAL MODELS FOR THE SLASTIC
SUATTERING OF 9T -MASONS ON *He NUCLEUS

Taking into account the resacatterings of the 9] -meson
on all the nucleons of the nucleus the amplitude of the elastic
scattering of the I -meson on 4He nucleus could be written
in ihe form[a:’: J

4
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is the contribution of four-fold rescatterings.

Here M, .1.0n (q) is the elementary amplitude of the scat -

tering of 9/ -meson on a nucleon normalized as in Refs[3,4],

and R =44(GeV)"2 is the square of the helium nucleus radius,
The formfactor of the “He nucleus is taken in a simple expo-

nential form.The numerical value of the nucleus radius is the

same as that in the first term of formula (5) in Ref,{9]. For
the squares of momentum transfers ranged from O to O.3(GeV)2

the contribution of the second term to the formfactor used in

s EEa s AL

Ref.[9]is negligibly small. Further, the contribution of the
nucleon spin flip amplitude likewise turns out negligible due
? to both the smallness of momentum transfers and the quantum

numbers of 4He nucleus that efficiently retain only P and P

exchanges (the flip amplitudes in the SN -scattering are

determined primarily by the 0 -trajectory which doesn't con-
4

tribute in pole approximation to the elastic J] "He scattering

while the double account of it in the rescatterings is negli=~

gibly small at energies under consideration). _

To find the amplitude of the elastic T *He scattering
in the eikonal model[33 of Regge pole theory it will be enough
to calculate the contributions of M (1)nuc1eus in this model
taking the account of sufficient number of Reggeon exchan -
ges in the elementary amplitude.

The qﬁasi-eikonal model[4] taking account of the appea i
rance of the showers at multiple rescatterings of an incident -vé
particle with the help of constant coefficients of shower en- £

hancement allows also to take into account the inelastic scree-
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ning originated at high energies from tha rescattering on dif-

ferent nucleonse of a nucleus.
(1)
In what follows we give the valuee of IEI; nucleus calcula-
ted in the framework of quasl-eikonal rnodel."]
The eikonal model expressions for these quantities will

be obtained taking the coefficients of shower enhancement
equal to one.
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In formulgse (2) =~ (5) Tp and 7p’ everywhere designate

the residues of P and P' trajectories in the elastic TN

gcattering,

0L E _\3 2 ' E Lo
AP'R?+dP(¥"Eo 2 )’ }‘p‘RP'N\P- (En‘E—'-T).

In accordance with Ref.[4], the conditions on shower enhance -

ment coefficients are specified so as all ths elementary 9N -

amplitudes not contain the shower coefficlents if they involve.
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at least one P'-trajectory. This requirement is necessary

since any elementary amplitude is expressed as an infinite

seriesg in reggeon exchanges,

. o
3. PHOPOPRODUCPION OF P ~MESON ON NUCLEUS AS A WHOLE

To obtain the resulis on the ‘po-meson photoproduction ﬁ
on 4He nucleus we shall aveil ourselves of the Ref.[10] approach

[+]
in which the amplitude of _P -meson photoproduction on a nuc~

leon is expressed according to Ref.[11]as

o
Mgp~sp =X O Xu (O Rra)t 3 A5 (yP~0p ), ®

where

f%mis the contribution of §i -meson trajectory,

It should be remembered while extending the results to
the case j3° photoproduction on the 4He nucleus as & whole,
that to~the difference C,KP - CLer only the A2 trajectory
pontributes[1q1 which can't make a contribution to the J3°-
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photoproduction on 4He. Likewise, the =. - . rterm in the for-
mula (6) doesn't contribute to the proc::s ander con-ideration
as the contribution of J[- meson trajectory is also :sroidden,

Thus we come to the very simple aprproximate formulas

. = Clr o (7)

B
SR

This approximation ie sufficiently accurate as all -n2 plau =~
gible contributions of A2 and J ~trajectories to nan--pole
terms of 53° photoproduction on 4He nucleus are swall and
& quickly vanish withenergwi1°].

Thus, we obtain the following relation:

d6(ate=p"He) 2 d(T He ~T"He ]
dt ~ ne d+t

The formula (8) allows us to find the cross sections of ‘9°

(8)

-meson photoproduction on 4He directly from the cross sgsection

of the elastic scattering of the J[- meson on 4He by the mul-

R
tiplication of the latter by a constant factor X9

-
4. THE DISCUSSION OF RESULTS

In Pigs 1,2,3 are plotted the curves of differential

1
croes sections of the elastic T 4He scattering (or —_—

d(x'He—5"He) | K

aF at laboratory enrgies of the

incident I -meson (or a X —aquentum) equal to 17.8, 30 and

41 GeV calculated by formulae (1} - (5). The numerical values

B o
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of parameters in the quasi-eikonal (solid lines) and the ei-
xonal (dashed lines) models were taken from Refs[4] and [3]
respectively. One can gsee from these curves that there is a
rather large discrepancy between tize predictions of these mo~
dels both by the values of differsntial cross sections and
the position of the dip. For eikonal model it is located at
0.30 (GeV/c)2 and for quasi-eikonal mod2l it is in the (0,24 -
0.26) (ch/c)2 interval,

In Pig.4 the total croess section of the T4He reaction
and the zero angle differential cross section of yo-meson

4

photoproduction on the "He nucleus are given,

In fig.5 the energy dependence of the differentiel cross

y 4 Qg
section of elastic i 4tre scattering (or-)-:-i dely F;;*S Hel )
K

at the fixed momentum transfer, 0.18 (GeV/c)z, in the (10 &

100) GeV range is given for illustration, It is seen that

already at such small momentum transfers the discrepancy bet -

ween the predictions of these models exceeds the factor of two.

Thus, these calculations evidence the feasibility of an
independent experimental determination of the quasi-eikonal
model parameters et Serpukhcv energies, With sufficiently good
experimental data on the elastic ﬂT 4He scattering (or theipi
meson photoproduction on 4He nucleus as a whole) such a deter-
mination may be considerably more precise than those made up
to now,

The authois take the opportunity to thank A.Ts.Amatuni,
G.Arakelyan, A,Garyaka, Sh.Yeremyan, S.G.Matinyan,Yu,Pirogov,
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4
<
g
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