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It has long been known that high-energy photons at inter-
actions with matter reveal hadron-like properties (see, e.g.,
[{1] ). But the direct measurementé of the structure function
of the hadron component of photon (HCP) were carried out quite
recently by studying the Y¥-interactions in non-annihila-
tion reactions ete” — X e*e™ at high energies (J8 =29 GeV)
[2,3] .

It has been shown that one may obtain a reliable informa-
tion about the structure function of the HCP at X £ 0.3 in
the region of low Q2 (0.3 < Q2 < 1.6 Gevz). At large values of

X and Q° the main contribution (increasing with X and Q2)
into the experimentally observed structure function of photon
mekes the so-called point~like interaction, that is why the
direct measurement of the structure function of the HCP is
practically limitted by the region of X < 0.4 .

In photon-photon intefaction it is practically impossible
to obtain information also about the distribution functions of
the . trange quarks, as their contribution to the photon struc-
ture function is much leas than that of nonstrange quarks.
Thus, to obtain fuller information about the properties of the
HCP, one must also use other (though less direct) methods for
their study.

In this paper we tried to extract information cf that xind



from the nondiffraction photoproduction of vector mesons at
high energies. With that aim we used the earlier proposed re-
combination~type models (see, e.g., [4] ), where a relation is
egtablished between the structure functions of incident part-
iéles and the inclusive spectra of secondary hadrons with small
transverse momenta in the fragmentation region of incident
particles. A high-energy photon, before its interaction with
the target, comes to & hadron-like state containing a pair of
"valence" quarks (u u), (d d) or (s 8) (in this paper the pro-
cegsses with heavier quarks are not considered) and sea parton,
quark-antiquark pairs and gluons. According to the gluon-~domi-
nance hypothesis (see, e.g., [5]) the interaction of the HCP
with the target, as in case of hadron interactions at high ener
gles, takes place by means of the soft gluon exchange, and the
primary particles valence and sea quarks distributions are
not essentially changed. The nondiffraction production of ﬁe-
sons in the fragmentation region of incident particles takes
place as & result of its valence quark's (antiquark's) recom-
bination with the sea antiquark (quark) or as a result of re-
combination of the sea quark and antiquark of corresponding
flavours. The invariant inclusive spectrum f,(x)=3 “ g Pmuxx
x dZG/dXdPT )d.P«r of the final meson V over the Feynmas
variable x has the form:

q g " (uil) @)
oo (4 B (o4 L0 sl

shere for the function f:%zx)z(x a;ﬁm) dG/dx 99—~V)

we have



uwh ) . X .
fv (x)'g v (Xi,Xe) Rv(:"'i! 5(1“;"",((—' dxidxe, (2)

In (1) the coefficients before f:qazx) are proportional to

the square of the charge of the corresponding "valence"

quark q . The factor Uz / Ouiiyn takes into account
the difference in the cross sections o. interactions of the
photon's nonstrange and stra.ngé components with the target-
nucleon: 6(35,,‘/ Buim = T .;: G',:n = 0.6 [6] . For the
nondiffraction photon-nucleon cross section we have [7-9]

Oyy = 90 pb . The functions ¢f,w(x.,xg) in (2) character-
ize the probability for finding in the HCP with a "valence"
composition (a g) a quark (q4) and an antiquark (62) with lon-
gitudinel momenta x, and x, (xix1+x2), which correspond to
the valence composition of the meson V‘s(q1 62). It io assumed,
that in nondiffraction processes the final meson can contain
no more than one valence quark of the HCP. One can use the
Kuti-Weisskopf model {10] té parametrize the function
‘P:ﬂ)(xi,xa) . In accordance with such parametrization, in parti-
cular, the single-parton distribution functions of valence
quarks q,(x) (u (x)=i_(x)=d (x)=d (x), 5 (x)=s_(x) ) and sca
partons qs(x) (us(x)-ﬁs(x)sds(x)aas(x), sa(x)sss(x) G(x} )
in the HCP have the fpllowing form (also see [11] ):

for the nonstrange (u u) or (d d) comporent of photon
- A L]
Uy ) = X7 (g0 / B(fu Bt ¥n); (38)

; RTINS |
Ug'(x) =g X" (1-x) et " (30)



S: (X) =.AU.:(X) 2 - (3c)

G'(x) = (gﬁ/g,,) u:(x) (3d)

for the strange (s S) component of photon

Sy(x) = x-1+P,(' -x) -1+f*%s /B(ﬁnps"' Xs) ) (4a)

WE0x) = gox”! (1) T (o)
5e(x) = AUg(x), (4¢)
6°(x) = (95/)Us ), (44)

= G - & G
Wher-e XN - gu (‘”' 2A)+ gu ? Xs = 35(4 + ZA) + ﬁs ) 8N and 8N
correspondingly characterize the normalization of the nonstra-

nge qué.rk-antiquark and gluon sea in the photon nonstrange
component, 8g and gg - in the strange component; A is
the strange quark-antiquark see suppression factor. It is
assumed to be the same for the nonstrange and strange compo-
nents of photon. To make the analysis simpler, an identical
relative normalization <->f the gluon sea too. will be assumed
below: /gN-g /gs (in the general case Sx # ¥s ). The func-
tions 4) «3) (X1,%e) are completely expressed via the parameters
in (3) and (4) (see, e.g., [11,12] ).
The function Rv(z1,za) in (2) is propbrtional to the

probability of recombination of the quark q, and antiquark
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62 which correspondingly carry 24 and Z5 portions of their
total longitudinal momentum into the final meson V. It can be
expressed via the two-valon distribution function Gv(z1.z2)

of the meson V [13] :
Rv (Z1,ZZ)=HV z‘ZzGV(E')z‘a)) (5)

where ’AV is a factor independent of the kinematic variables
and common for the lowest nonet of vector mesons. The expres-
sions for Gv(z1,z2) for different vector mesons are presgented
in the Appendix (see also [11,12] ).

The functions féqa)(x) in (1) are completely determined
by the parameters of single-parton distributions (2), (3) and
by those of the recombination function (5); their expressions
for different processes YP —= VX are presented in the
Appendix.

On the basis of eq.(1) the now available experimental
data (8,9] on the nondiffraction photoproduction of vector
mesons (9"/:0) , g! y ¥ K°(890), K°(890) at high energies
(20 to 70 GeV) in the beam fragmentation region x > 0.1 are
analyzed. The contribution of tensor meson decays K(1430) —
— K(890)% was taken into account in the spectra of K°(890)
and E°(890), the data on photoproduction of which were taken
from [9]. The tensor to vector meson suppression factor
AT/Av was determined from the comparison with experiment.

The fitting was done ;ver 8ix parameters XN' &y» ¥g»

A, (Ap/Ay), Ay . The parameters . §, and §; which cha-.
racterize the valence quark structure functions behaviour at

X = 0, were fixed using their connection with the intercept
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of the corresponding leading Regge trajectory: 9N=|-d?63=0.5,
S5s= {-dyg (0) =0.9 .
As a result of fitting two solutions were obtained whict
satisfactorily describe the experimentel data on the inclusive
spectra of the vector mesons nondiffraction photoproduction

(Pig.1). The fitted parameters are presented in the Table.

Table
8n In " ¥s A fr/Av Av xa/NDF
1 1.35+ 0.19+ 0.10+ 0.47+ 0.41x 1.7+ 1.0
0.12 0.10 0.10 0.05 0.07 0.2
2 1.24+ 0.2+ 2.7+ 0.20+  0.38+ 1.5+ 1.2
.14 0.12 0.3 0.02 0.07 0.3

As the Table shows, both of the solutions give similar results
for the tensor meson suppression factor (AT/AV) as well as

for the parameters of the valence and nonstrange sea quarks
distribution in the nonstrange componeﬁt of photon. The dis-
tribution of valence quarks (see eq.{3) ) and the portion of
momentum { ~ 44%) carried by them do not contradict within
errors the results of the pion structure function measurements
in Drell-Yan processes (314] .

The two solutions strongly differ from each other by the
strange sea suppression factor 4 and especially by the
parameter ¥, characterizing the structure functions of the
(s 8) component of photon (see eq.(4) ). According to the

first solution the strange quarks have a flattened distribu-
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tion over X, Sy(x)~ x ot , and carrcy away about 954
of momentum of the strange component of photon. According to
the second solution the distribution is a rather steeply fal-
ling one, S (X) ~ X-oﬂ(f-x)as and the strange valence quarks
carry awny about 40% of the momentum,

Using the parameters given in the Table one can calculate

the structure function Fg(x) of the hadron component of

photon
2md 4 1 1
Fotx) = _x}?‘“[? ACRCEAORS (AP (6)
where
8 2 N
Fu()= g XU () * g (5+)xUg(x),
2
Fy(x) =g XUy () + 5 (5 ) XUT(X),
- 2 2 uS
Fs(x)-g—xs,,(x)+§-(5+.1) XUS (%)
Here Eﬁde; /2{; is the constant of transition of a rho-

ton into a quark-antiquark pair (q q) with charge eq,ﬂf/{; =
=(2.8540.3)107>  (see, e.g., [15] ).

The comparison of (6) with the direct measurements of
Fg (x,G%) in  Y¥- interactions at low Q2(0.3 < Q% < 1.6 GeV?)
is shown in Fig.2 . It is seen that the solution 1 satisfac-
torily agrees (both in the absolute and x-dependence) with
the measurements of Fg (x,QZ), while the agreement of the solu-
tion 2 is an unsatisfactory one. It seems that with appear-
ance cf new and more accurate data on phe nondiffraction .

photoproduction of vector mesons at high energies one can ex-



tract more reliable data on the strange valence quarks distri-
bution in the HCP.

The main conclusions in the present work can be formulated
in the following manner. i) Within the framework of the had-
ron production recombination model & self-consistent descrip-
tion of the available data on the inclusive spectra of the non-
diffraction photoproduction of vector mesons at high energies
is obtained. ii) The parameters of hadron distribution in the
HCP are estimated. The nonstrange valence quark distribution
cbincides, within errors, with the analogous distribution in
a pion. In the nonstrange (u u, d d) component of photon the
valence quarks carry (44+3)% of the photon momentum, the
juark-antiquark sea - (40+8)%, gluons - (164+6)%. In the strange
(s 8) component of photon the valence quarks carry about 95%
of the photon momentum (solution 1). It should be noted that
the "standard" Kuti-Weisskopf parametrization ([10] used in
this paper imposes certain restrictions on the structure func-
tions of sea partons (3b - 3d) and (4b - 4d): their x-depen-
dence is determined by the parameters of the valence quark
structure functions (3a) and (4a), respectively. Since the
photoproduction spectra are much more sensitive to the valence
quark distributions than to those of sea quarks, tha latters
are determined with less trustworthiness from the experimental
data. A more correct parametrization, suggesting a new Additio-
nal parameter for the description of the sea quarks structure
functions, can be used when analyiing more accurate data on
the nondiffraction photoproduction of vector mesons at high

energies,
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iii) The photon structure function Fz(x) extracted irum wue
processes of the nondiffraction photoproduction of vector me-
gsons agrees (solution 1) to the measured value of F; (x,Qz)
in YxX¥- interaction within the scaling range 0.3 < Q2 < 1.6

cev? .

1"



Appendix

The two-valon distribution functions of vector mesons

Gv(z1,22) are expressed by [11,12]

Gg,m(zi,zz)=i}NZ:N/B('lN”, Anti), (App.1a)
Gy (1,22) = 2° 2,°/B (s, 1s*1), (App.1b)
Gy (21,22) = Z?N ZZS/B (M1, %1), (App.1c)
where I =-{+¥y/2+B, , N =-1+¥/2+Q ; it should

be noted that the inclusive spectre are not practically sen-
sitive to these parameters.

the functions féqq)(x) in (1) heve the form:

f;:a)(X) = Av (GuCRVu (0 * g5 Snx) (App.2a)
oo 0= AVGES) , (App.2b)
3‘.,(,“r”(><)= Ay A g 5u (), (app.2¢)
f(ss) x) = .HV(ZJ\gsc'fvs(x) +J\29: S5 (%)), (App.24)
f:;m(") =fy A Sy (%), (App.2e)
fff’(k) = Ay (ARG Cy Vi () +AgE Sy(x) (4pp.2£)

(s8)
foo ()= By (g5Ce Ve (®) + Agisg(x) (App.28)

where

12



"*P +x 2
V) = X (1= T (4pp-3e)
-1+P "!
Vo (x) = xPe (4-x)"*Fe e (App.3b)
~1+2f+ ¥
Sy(x)=(1-x) " ", (App.3c)
-{+2f:*
8g(x)=(1-x) t+efs Xs) (App.3d)
C? _ B (fu* T, Int1) , (App.3e)
N OB(By,ButEn) BN +1, Nut i) _
C‘f - B(Pst 'ls‘” y Nst) (App.3f)
B(Pg)?s*b’s) B('ls'”) 'ls"‘)
Cn = B(Pu a5t (App.3g)
By, Pnut¥n) B(Mu+i,nst1)
K _ B(PstNstl, Nu+1) (App.3h)

8 B(fs,Ps +¥s) B(Ngtl, nuti) g

Here B(x,sr) is Euler's beta-function. The rest of functions

f\(,qq)(x) are expressed via those in (App.2):

(uw (ddh) (uid) (dd)

5? =g 0= 5%+ £9%00 = 5570 = 55000, (appasta)
5(55)( X) = f(ss)(x)_ f;:E)(x) | (App.4b)
f;"ﬁ?X) f;d"cx)  (4ppede)
-f"f’(x)_ f::‘”( ),  where 9= u,é,s' (App.44)

13
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Pig.1

Fig.2

"~ Figure Captions

Inclusive spectra (in microbarns) of the nondiffraction
production of a) (¢°/@) (@ ), gt (#); ) ¢ (0 )
and c) K°(890) ( @ ), K°(890) ( © ) mesons. The num-
bers indicate the 1st and 2nd solutions, respectively.
The photon hadron component structure function measured
in the processes ete”— efe™ X at I? =29 GeV [3] .
The s0lid curves correspond to solution 1, the dashed
ones - to solution 2. The curves 1 are the gtructure

functions obtained from the analysis of the inclusive

. spectra of the vector mesons nondiffraction phtoproduc-

tion; the curves 2 &are structure functions connected

with the nonstrange valence quarks; 3 is a structure

function connected with a strange valence quark.

16



2,

3.

4.

7.

8.

9.

References

Feymman R. Interaction of Photons with Hadrons. Moscow,

Mir Publ., 1975.

Aihara H., Alston-Garnjost M., Avery R.E. et al. Observation
of Scaling of the Photon Structure Function F; at low Qa.
Phys.Rev.Lett., 1987, vol.58, No.2, p.97-100.

Aihﬁra H., Alston-Garnjost M., Avery R.E. et al. Measure-
ment of the Photon Structure Function F; (x,Qa) in the Re-
gion 0.2 < @2 < 7 GeVe. Z. Phys. C, 1987, vol.34, No.1,
p.1-13.

Fialkowski K., Kittel W. Parton Models of Low Momentum
Transfer Processes. Rep.Prog.Phys., 1983, vol.46, No.11,
p.1283-1392.

Van Hove L. The Quark Recombination Mechanism in Multihadron
Production. Preprint TH.2628-CERN, 1979.

Flaminio V., Moorhead W.G., Morrison D.R.0., Rivoire N.
Compilation of Cross-Sections. CERN-HERA 83-01, 83-02, 1983.
Alekhin S.I., Baldini A., Capiluppi P. et al. Compilation
of Cross-Sections IV: ¥ , Vv , A , & , E and Kg In-
duced Reactions. CERN-HERA 87-01, 1987.

Atkinson M., Axon T.J., Barberis D. et al. incluaive Photo~-
production of ° and @ in the Photon Energy Range 20 to
70 GeV. Nucl.Phys. B, 1984, vol.245, No.2, p.189-214,
Atkinson M., Axon T.J., Berberis D. et al. Inclusive Photo-
production of @ , K (890) and K (1420) in the Fhoton
Znergy _Range 20 to 70 GeV. Z. Phys. C, 1986, vol.30,
No.4, p.521-530. -

17



10.

1.

12.

13.

14.

15.

Kuti T., Weisskopf V.F. Inelastic Lepton-Nucleon Scatter-
ing and Lepton Pair Production in the Relativistic Quark-
Parton Model. Phys.Rev.D, 1971, vol.4, No.11, p.3418-
3439.

Badalyan N.N., Badalyan R.G., Gulkanyan H.R. Inclusive
Spectra of Hadron Resonances in the Framework of the Multi-
parton Recombination Model: Fragmentation of Pion and

Kaon. Yad Fiz., 1987, vol.46, iss.6(12), p.1759-1766.
Bedalyan N.N., Badalyan R.G., Gulkanyan H.R. Estimation
of Parameters of K-Meson Structur Functions. Preprint
EPI-994(44)-87, 1987.

Hwa R.C. Clustering and Hadronization of Quarks: A Treat-
ment of the Low~P, Problem. Phys.Rev. D, 1982, vol.22,
No.7, p.1593-1608.

Stroynowski R, ILepton Pair Production in Hadron Colliasions.
Phys.Rep. C, 1981, vol.T1, No.1, p.1-50.

Berger Ch., Wagner W, Photon~Photon Reactions. Phys.Rep.
C, 1987, vol.146, No.1,2 ; p.1-134.

The manugcript was received 8 Fsbruary 1988

18



The address for requests:

Information Department

Yerevan Physics Institute
Markaryan St., 2
Yerevan, 375036
Armenia, USSR

/

o, I BAJAIFH, T.P,IVIKAHAH A
HEMOPAKIMOHHOE ©OTOPOXJIEHNE BEKTOPHHX

ME3CHOB ¥ CTPYKIYPHAA OYHKIMA ®OTOHA

(na anTumitckom A3HKe, nepesor I'.A.llangua)
Penaxrop J.II.Myrasan

Texnmueckmit pemaxtop A.C.AGpamsan

llommycano B mevars 7/YI-88r, DBO- 03896 @opmar 60x84/16
OfceTHasa nevarh.Yu.n3m.a, 0,8 Tupax 299 skra.ll. IO
3R, THI.N 252 UHpexkc 3624

OrnevataHo B EpeBaHCKOM (M3MYECKOM MHCTHTYTe
tpepan 36, Maggapfma 2 b R



HHAeKC 3624

EPEBAHCKUA OU3NYECKUA UHCTUTYT



