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1. INTRODUCTION

One of the effective sources of information on nuclear
quark-parton structure function is the satudy of the limited
fragmentation of nuclei into the fast particles. As the most
typical of such proceases, apparently the cumulative particle
production should be regarded.

Let us consider the reaction

atA— C+X : (0}
where C is a cumulative particle that is the fragment of nuclear
matter. To obtain the structure function ¢’ fragmentating system
(nucleus or iits part) the .invariant cross section fc of procesé
(1), according (1], can be presented in the general form as

; E'C do
©  aB

where Gf(.p;) is a structure function of the fragmentator, a is

I

= 2C66,p ) @

the ratio of quark longitudual momentum to the average momentum of
nucleon in nuclei, in the infinite momentum frame, p, is a quark
transverse momentum, o - ia the cross section of the process,
where quark - sapectator (or product of its hadronization) avoids
secondary interaction [1]. Assume, that quark hadronization is
"soft” and womentum distribution of registered hadron coincides
with spectator quarks” one. In this case the quantity C which
characterizes the quark fragmentation, can be considered as a
constant, and the parameter o is equal to « - ( K - p cos®)/m and
p; = p girP, where E p and © - are the energy, momentum and angle
of registered hadron in the laboratory frame, m — is the mass of
nucleon.

The most of the experimental data on the cummulative particle
production by hadrons were analyzed to obtain the parameters of
the oa-distribution of G(,P;) function. In [2] a compilation of
existing data is presented, which shows that G@,P;) function
depends on o exponentially:

G, P ) |p _ e~ €
with average value of parameter a = 014. This is in good
agreament -7ith a, abtained from the i-meson deep inelastic

- o (3)



scattering on ““C at K, = 200 GeV and Q: > § (GeV/cY 31

The dependence of nuclear structure functions on transverse
momentum in hadroproduction of cumulative particle were studied in
{4,5,6]. It was shown, that invariant cross section of cumulative
n-meson production £ (x,P ), and therefore structure function
Gﬂ (x,P, ), is factorized into the two functions depending of x and
P. In [6] such a factorization was not obtained for the
cumulative protons.

Nuclear structure = function in the cumulative particle
photoproduction was investigated in [7,8,9) for the secondary
protons only. It have been shown that: i) astructure functions, as
a function of « at constant P,, can be fitted by the exponents (3)
with o = 0.135:0.015, that is in good agreement with a_ in the
hadroproduction, amnd 1i) the invariant cross section can be
factorized. fp(a, P) = £, p(ct )fzp(PL)' - with the accuracy
approximatly 40X. In addition, it had been shown [8], that there
is an enhancement of high mowentum part in a -—distribution for
heavy muclei, that was well described in multiguark bag model (91

The data on cumualative nr-meson photoproduction ({10,111 have
not been used to obtain maclear structure functions. Meanwhile,
such an analysis is desirable, since in contrast to that of the
cumulative protoms, in this case the contribution of the final
state interactica is sufficiently smaller (there are no
preexisting 7-mesons in nucleus).

In this work the experimental results on n-meson
ptotoproduction at ‘*C nucleus [10, 1] are analyzed to obtain
information on the muclear structure function

2. KXPERIMENTAL RESULTS

Reaction (1) for inclusive n-meson produaction on 2¢c  was
investigated at z;“" = 4.5 GeV bremsstrahlung photon beam of
Yerevan synchrotron with the ‘Deutron” set-up [12). The secondary
n-meson spectra were mosasured in the kinetic energy range T, = 0.2

o

+ 12 GeV at the registration angles & = 20 + 120°. In Fig 1



the obtained two-dimensional (T _,8 ) distribation is shown To
obtain the corresponding (o,P,) distribution (where o = a(’['",eﬂ_)
and P = P(T,.B. ) the full surface in (T, 9 ) phese space is
used (Figl), that agrees with the experimental data in the most
perfect way (the method of wmimimal sguares was used). Existence of
such a surface allowed to find out the points m the (o,P)) space
which had no apalogous in the msasured poists. Ve assuse thet
there are no peculiarities iIn the interpolizsed regioms of that
surface, ie the surface is smooth The presemtation of deta mot
hﬂnfmofmrﬂ’mutbmmeﬁ
amd vv. a5 ooe wmore adventage: the error bmrs I determimstion
of cross sectin at the (x,P) points are less thms the
statistical errors at the msessured poimts, becsuose for every
@, F) point the mmber of the used ports, which are msasuwred in
exporiment., is higher.

In Fig. 2 the P, dependences of photopion iovariamt yelds at
the fixed o values are shown For a factorised invariant yeld
fla,P;) the parallel P,-dependences are expocted. The degree of
non-parallelity of carves in Fig2 is well llustrated in Fig3,
where the P, —depemdences of the ratio f @,.P Vf @.,0) are shown
The f (,0) functions were obtained by extrapolation of the curves
in Fig 2 into the point P, = O.

For the guantitative estimations of the parsllelity of P,
dependences, ie. of factorization of £ .P ) usually they are
described by the exponential functions

‘frr {a.' >, | A= em'—piﬁia) @

in practice. the p;, dependences of £ (a,p;) in tre whole
range of P variation can be described not by ooe, but by several
axponents, zach of which is vaiid In the differemt parts of P
variation renge. Doe to this, the experimental data in Fig 2
were fitted a2ccording (4) m two ways: using one exponent for the
whole range i 7 variation and by two exponents in wo equal
sutwanges 2 7 . In Fig4 the dependences of the parameters
<pi>-_=p;aaafmtionof~xfaranﬂnﬂraemarem&he
lependence wmarked by 2 corresponde to the fit by the one
WLA:-memue,the<é_>m§ﬂwmﬂm
siightly) with > in all Uwee cases. The same rise in observed for

wht



the cumulative photoprotons that is illustrated in Fig5, where
the dependences of <pi> on o-B for protons (@©W.m) and n7-mesons .
(A,A) are presented. The use of a-HB where B is a baryonic number
of cumulative particle instead of o, is explained in [4] by the
existence of preexisting baryon (proton) in muclei. The data in
Fig.5 show that <pj_) i) are similar for protons amd n7-mesons, and
ii) varies only almost 35% (in interval of <p;>X0.25 + 0.35 GeV/c)
at changing of o« from 1 to 2,5.

The dependence of photopion's invariant cross sections on o
at fixed P, may be fitted also by the exponent e “°°. These
dependences are shown in Fig6. If parameter a is varied with P,
one can state about violation of factorization of the function
f (@,P ). The P, -dependence of parameter o , obtained at the range
of a-B-08+25 is presented in Fig7 A relatively small (about
35:40X) rise is evident for both a: and 0'2 in the P,=0+1.2 GeV/c
interval. The presented rusuits essentially differ from those
obtuined in hadroproduction [6]. This is clearly illustrated in
Fig.5, where, alongside witk the photoproduction data, the <p.>
dependences for cumulative n-mesons and protons produced by
primary protons with momentum 10 Gev/c, are displaied. These data
were extractcd from [68] In the hadroproduction case <p1> changes
by several times (co .':7g:z;re with 30%-40X in the case of
photoproduction). It should be pointed out, that this difference
will increase, if instead of a the Stavinsky variable Xc (as in
[6)) will be used, because X > a.

3. THE DATA DISCUSSION

The problem of nuclear atructure function dependence on p;

in cumulative particle production was theoretically sudied in
13,141

In [13] the problem of cumulative particle production on the
internuclear multiquark configurations was discussed.

Contributions of apéctator mechanism, direct knockout and final
state rescattering of primaries of cumulative particles were
disscussed. For the invariant yeld of cumlative particle the



expression

N az a‘ —a.ol 2 2
fe,P)) = —————_ e -(I?-exp(—aPJ_/amo)*ﬂ-exp(—bP %)) (b)

(o an+ a)
was obtained, where parameter (3 determines the contribution of
spectator mechanism, while a/asf is the slope parameter of
P| -distribution for the spectator mechanism, b is the same for
direct and secondary processes; n is the mass of nuwleon in case
of cummulative protons, and some characteristic mass in case of
pions (which does not coincide certainly with the pion mass).

At P, =0 expession (5) becomes to the almost exponential o

deperdence:
f(o,P,=0) ~ exp(-a a ) ‘ (6)

Usi g (6) the value of a can be obtained For the n-meson and
proton photoproduction (see Fig.7) a: =0.125*0.005 and
of=011¥0.005, consequently a =1/ =8%0.3 and a =1/0f=91t0.4. For
the hadropruduction the value a=7 was found ina [13]

The mechanism of cummlative particle production, based on the
colour interactions of incident ‘articles with the multiquark
intermuclear configurations, was discussed in {14]. The existence
of cumulutive particle transverse momentum is completely
determined by the gquark transverse mowentum in maltiguark
clusters. The linear dependence of (pi) on o is expected with a
twice higher slop for cumilative n-mesons, than for protons. In
[14] the comparison of theoretical result with experimental one
[68) shows quite satisfactory agreement.

The o-dependence of <pi>, obtained from our experimental data
of photoproduction of cumilative protons and #-mesons (Fighb),
show tfmt these dependences also are almost lineary, but much more
week than 7predicted in [13,14] and wmeasured in {6]. Moreover,
dependences on o-8 for protons and r-mesons practicaley are the
same.

In the fram»work of theoretical approaches discussed in [13]
and [14] these dcfferences can be explained by the different
influences of ditferent mechanisms in the two types of
interacticns. [+ ~. 1 be proposed that these differences bet.we’en



photo~ and hadroproduction are connected with limitation in phase
space due to the small average enérgy of bremastrahlung photon
beam. However, the full experimental data, obtained up to now,
indicate that main regulation of cumulative particle production is
invariant with respect to the ¢type and energy of primary
particles. In particular, the slops To of kinetic energy spectra
do not dependd on primary energies at E'OZO.S GeV [15+19].

Apparently, the experimental dependence <p,> on o in the
photoproduction of cumulative particle requires the improvement of
theoretical approaches.

In conclusion the authors would like to express their
gratitude to the colleagues at Photonuclear Laboratory of Yerevan
Physics Institute for the assistance in measurements and data
handling as well as for the useful discussions.
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FIGURE CAPTIONS
FIGL Two-dimensional distributions -of invariant yeald
fn( Tn ,Sn) of photopions . The surface was constructed through
the experimental points using the msethod of minimal squares
by the power polynome on the variables T - and Bn . The error
bars of experimental points are statistical
FIG.2. I’}_ dependences of photopion invariant yealds at; the
fixed wvalues of a. 1-«=0.4; 2- 06; I ©08; 4- 1.0; 5- 14;
6- 18; 7- 2.2; 8- 25 . The calculatiom error bars are
shown.
FIGA. P, dependence of ratio ¢ (Pi)f . P Vf (0,0) for the
fixed ao. The valuea fn(a,O) were obtained by extrapolation of
the curves in Fig. 2 into the points P, = O.
FIG.4. Dependence of parameter <P;> on o (ske (4). The lower
) and upper 1)) dependences correspond the regions
P=0+06 and P =0.6+12 , respecivaly, the wmiddle one
corresponds to the whole region of P =0.+1.2 _
FIG. 5. Dependence of parameter <P_2L> (for protons - (o.®) and
for n-mesons -~ (b,AY) ) on o-B where B is a baryonic
number. For nr-mesons Bn:O, while for protons szl- The light
simbols correspond to the primary protons [6], the dark ones
are the results of this work Ghaded lines (- for pions amd
2- protons) coresponds to the fremwork of [141
FIG.6. o dependence of invariant yeald fn@,P_L) for the fixed
values of P, and/or 6: 1 - P =0, 2 - P =04, 3 - P08,
4 - P=12, 5 - 6 =60°, 8 - 6 =90°, 7 - 6 =120°). The lines
are drawn through the points using the method of minimal
squares.
FIG. 7. P, dependence of parameter a for protons (1) and
n-meaons (2).

13



T
12]

(31

(41

(61

161

(7

8]
(9}

(101

(113

12}

(131

(141

(15}
(161

(7]
(18]
(19]

REFERENCES

Baldin AM. JINR, KI-80-545, Dubna, 1980.
Efremov KV. Elementary Particles and Nuclei, 1982, v.
13, No 3, 613.
Savin 1AL Proc. of the 6t Int. Sewminar on High Energy
Physics Problems, Dubna, 1981, 223.
Anoshin AL et al. JINR, PI-81-678, Dubna, 1981;
Baldin AM. et al. JINR, P1-83-432, Dubna, 1983.
Baldin AM. et al JINR, KI-82-472, Dubna, 1982.
Boyarinov S.V. et al. Yad Fiz., 1987, No 46, 1472;
Preprint ITEP-130, Moscow, 1986;
Preprint. ITEP-5, Moscow, 1987.
Egivan K.Sh. Yad. Fiz., 1983, No 37, 1229;
Preprint KFI-525(12), Yerevan, 1982.
Alanakian K.V. et al. Yad Fiz, 1985, No 41, 353.
Kondratyuk LA, Shmatikov MZh  Preprint ITEP-114,
Moscow, 1983.
Alanakian K.V. et al. Pis'ma v ZhETF, 1980, No 31, 38L
Alanakian K.V. et al. Pis'ma v ZhETF, 1980, No 32, 666.
Alanakian K.V. et al. Preprint FFI-408(15), Yerevan,
1980. :
Kondratyuk LA., Shmatikov M.Zh. Yad Fiz., 1985, No

[

41, 498. |
Kaidalov AB., Likasov G.., Slavin N.V., Dubna, 1988,
private communication. J
Bayukov YuD. et al. Phys. Rev., 1979, C20, 764.
Avakian RO. et al. Preprint EFI-424(31)-80, Yerevan,
1960,
Kuzmenko V.S. et al. Piama v ZhETF, 1980, No 23, 174.;
Baba K. et al. Phys. Lett., 1982, v.13B, No 6, 459.
Egiyan K.Sh Proc. of the 5th Int. Seminar on High
Energy Physics Problems, Dubma, 1978, 430-437. 430-437.

The manuscript was received 26 October 1992.
The revised manuscript was received 20 april 1993.

14



The address for requests:
Information Department
Yerevan Phvsics Institute
Alikhanian Brothers 2,
1¥revan, 375036
Armenia,

K.0. ETMAH, M.C. OTAHINMAHAH
CMMWWWMBWWTOW

(23 aBRTJBHRCKOM m. mepepo), Xavuatpan H.B.)

PoxiaxTop A.C. Ecum
TexaW9sCKER peaaKTOp A.C. AGpamsn

[IomCafo B 1BYaThH 26/IV-93 io;la'r 60x84/16

OpceTHan mdvaTh. Yu.mBl.X. 0,5 - Tmpam I00 ax3. I1.80p.
Sax.Tun. 59 »llmmtc 3849

mmnwmmm
Apsonnn, Epmm ya. mmz



HHAEKC 3649




