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ESTIMATION OF PARAMETERS OF K-MESOM STRUCTURE FUNCTINNS

on tne basis of multiparton recombination model with the use of the
&uti—wefsskopf‘parametrization there have been analyzed the avaiilable ex-
perimental data on inclusive spectra of the vector and tensor mesnns in the
reactions K:p — MX (M= R ¥ (BA0), K (14303} in the kaon frag-
mentation region at high enercies (32-110 GeV/c) with the aiwm to extract the
parameters of the K-meson structure functions. For the suporessicon factor of

tne kaon strange Sea the value Ag = 0.18#0.Gi 1s obtained. The kaon leagd-

tuainal momentum fracticns carriea away by nonstrange and sirance valence

=
D

cugarks and sea pavtens respectively are <X:> = 0,17, <,'; > o= 0,30

ané < %> = 0.63. Estimates are obtained for the summary joncitudinai

momentum fractions carried away by nonstrange sea quark-antiauark pairs
< }“\’:3’ = 0,230.06 , strange sea quark-antiquark pairs <X:,) = (0,02¢0.04

and gluons & Xg »= 0.28+0,09.
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OIEHKA [TAPAMETPOB CTPYKTYPHHX
OYHKIMH K~ ME3QHA

Ha ocHOBe MHOTONAPTOHHO! DEKOMOHMHAIMOHHO! MOUEJN® ¢ MCIONE-
30BaHKEM Napamerpusammu Kymu-Baitcrongpa npoa.r{a.nianposarm aven-
MEeCH SKCHEPUMEHTANBHHE NaHHHE N0 MHKINBUEHHM CIEKTpPAM BEK-
TODHHX ¥ TEH3O0DHHX ME30HOB B DEaKIMAX Ktp—>Mx(M =90 ¥,
K(890) , K (I430) ) B ofnacT¥ PparMEHTAII K3OHA IPH BHCO-
xux sHepruax (32-II0 TeB/c) ¢ meabo H3BASYEHHA IIApaMeTPOB
CTDYKTYpPHHX dyHximit K - mesoHa. ik daxTopa NODABIEHHOCTY
CTPAHHOTO MODA KaOHA NOVIyYEHO 3HAYEHUE J\s= 0,I8 + 0,01, lom
MPOROJNBHOrO HMIYJECA KAOHA, YHOCHMHE, COOTBETCTBEHHO, HECTDAH-
HHM ¥ CTDAHHHM BAJIEHTHHMY KB2DKAMM ¥ MODCKAMM NAPTOHAMK, DaB-
o < Xn>=0,I7, <Xg>=0,30 u <X>>=0,53. Mosyzenu
OLEHKY MIA JoJell cyMMapHOTC NPONOALHOT'C KMIYJIBCA, YHOCHMHX
HeCTpAHHHME MODCKEME HKBADK-aHTHKBADKOBHMH mapamy < Xf. > =
= 0,23 + 0,04 s CTPAHHHME MODCKAMY KBADK-8HTUKBADKOBHMM [ADA-
ma < Xg> =0,02+ 0,0l mamonamm < Xg> =0,28 + 0,08.
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At present, we have rather scanty information on structure functions of
kaons. The only source o obtain direct experimental information on struc-
ture functions of unstable hadrons (pions, kaons) are the processes of the
massive lepton pair production in the interaction of these hadrons with .
matter [1,2] . There are extremely few experiments performed with the K-
-meson beams; there is measured only [3] the ratio of structure functions of
nonstrange valence quarks in kaon and pion (in this case the measurement
errors in the region of large values of the Bjorken variable X amount to
20-40 i). As to the strange valence quark as well as the sea (anti)quarks of
kaon, here the experiments on the lepton pair production are low-sensitive
to thelr structure functions. For this reason, attempts are made as to derive
with the help of the model considerations the information about the kaon
structure functions from other experiments,

In Refs. [4,5], there are extracted parameters of valence auarks (strange
and nonstrange) distributions in the kaon by means of the fusion model des-
cription of experimental data on fragmentation of kaons into vector mesons
(at initia) momenta 32 and 43 GeV/c) and using the Kuti-Weisskopf .parametrd-

zation [6] for structure functions. In Refs. [7,8] , an analysis s carried



out within the developed in [9-11] recombination model of experimental data
on inclusive spectra of secondar; K- and J -mesons in the beam fragmenta-
tion region 1n Kp-interacticns. and estimates for the parameters of structure
functions of the kaon valenceand sea quarks are obtained. Note, however, that
rather essential contribution to inclusive spectra - secondary J. - and
K-mesons from the vector mesons dacays 1s not taken into accoun. in that
analysis.

Refs. [12,13] proposed a mu1tiparton recombination model (MRM) of hadron
production with low transverse momenta, in which, uniike the earifer déve-
Toped reconbinmation models [9-11] , a more general case is considered, when
arbitrary number of the initial hadron partons may contribute to the second-
ary hadron longitudinal momentum. Within the MRM, Refs. [1&,15] describe
inclusive spectra of proton, pion and kaon fragmentation (with momenta above
30 GeV/c) into baryon and meson resonances.

In the present work, within the MRM, we are carryina cut a detailed ana-
lysis of the available experimental data [16-23] on Inclusive spectra {(by
the Feynman variable X ) of the vector, ? .Y K {890), and tensor,

¥ {1430) mesons in the incident kaon fragmentation vegion { X 2 0.1) in
the reactions %(igﬂ at high energfes (32-110 GeV) with the aim to extract
data on structure functions of kaon, ard, in particular, to determine the
suppression factor for the K-mesom sivange sea.

In this work, tc describe the kaon multiparton distribution function,
ve have used the Kutfi-Weisskopf parametrization [6] , whence, in particuiar,
come out the following exprassions for the one-particie disiribution valence

quarks and sea partons:

-it¥+

& g _- .
KUKy = X (=X) B (B, ¥+ E), (12)




BENPRY W

~1+F+8,
x5 x) = x2(1-x) (R, Y+R) (1b)
~1+¥+ B+ B
XOg(X) =g, (1-%)7 " ° (1)
where QO = U, a,d, d y 5, s denotes a type of the sea rarton (the

contribution of heavy quarks is neglected), = §9a , B(x,g) is the
tuler beta-function,

in order to obtain within the MRM the inclusive spectra of mesons tn the
kaon fragmentation region, we must consider the distribution functions of
many- (two- and more) particle subsystems in the kaon which recombine into
the final meson., The choice of these subsystems depends on the quark compo-
sitfon of the final meson and on the number N, of valence quarks common
with the initial kaon. In this work we consider the processes ¥ =M |
where the quantum numbers of meson M do not permit the diffraction disso-
ciattion of kson to the given meson. Earlisr, there were obtained indications
112,13 ; that in the processes of the npon-diffracticz type .- s aiways leszs
than the number of the valent quarks of initial hadron: in particular, in
the case of non-diffraction kaorn fragmentztfon © = 1 g O,

Consider, first, the processes K-+ it with «~' = 1. Within the MRk
it 1s assumed that in this case, from the kaon to the final meson there may
transform, along with the valence quark {antiquark}! aznd the corresponiding sea
antiquark (quark), also an arbitrary number of ses partons {giuons and
guark-aniiquark pairs}.

Following that, we extract in the kaon a multiparton substate which con-

tains one valent quark, one sea antiquark of the givern type (actipg as «



valence quark in the final hadron), and an arbitrary number of sea partons
belonging to the given substate with a probability W . This substate,
possessing a sunmary lonoitudinal momentum X , is characterized by 1its
statistical weight Fv?;:'(xf,xz; W) , where X;tXe=X . X, is
a longitudinal momentum of antiquark of the given type, X; 1s a summary
momentum of valence quark and sea partons belonging to the aiven substate.
Expressions for FJ:;? (X4,X2, W) for the meson-to-meson fragmen-
tation processes are given in [15] .

To the inclusive spectrum of final meson there may contribute also the
processes without participation of valenceauarks of initial kaon { Ny = 0).
In this case, a fixed number (two) of pa~tons - the sea auark and antiouark
of the relevant flavor go over into the final meson from the initial kaon.

=

N
Expressions for the two-parton distribution function F\/,;;

0
(X1, Xg)
are also given in [15] .

In the MRM a hypothesis is used that the recombination of the considered
multiparton (two-parton) substate is preceded by the formation of consti-
tuent objects - valons Vi . Va., having Tongitudinal momenta X, and X..
Such hypothesis enables one to introduce the valons-to-meson recombination
function R\, (X/x, X;/X) which may be connected [11] with the meson

two-valon distribution function Gum (Z1,%;) :
Rm(21,22) = Am Z122 G (21, 22), (2)

where HM are the independent of kinematical variables coefficients which
are assumed the same Tor the mesons belenaina to the same myltiplet hut
tay be different for different multiplets. Expressions for G, (21,?4.)
for the mesons with various quark compositions are aiven in {157 (see ?133!;,
tie Appendix}.

In the MM the invariant inclusive spectrum f(»“)‘ (1/61n)jE!Pw,(&?'\}}";2¥d il
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of the direct meson production in the kaon fragmentation region in the Kn-

-interactions at high energies has the form {15] :
_ Nv"' . Ny=0
f(X) ) S[FWVa (X1,%2; W)+ FWVe (¥, X2) = (3)
X
X,’X)S( -l‘—)dX1an'

For the inclusive spectra of the "direct" fragmentation of kaon to the

vector mesons S) > ¥, K (890) from (3) there come out the followina

exprassions:
(X) = Gu 9 f, (x X (%)
S0, ST 00 o
JC(X) = Qst (x) + gs fsea (X), (ab)
f,('i,_?,( (,99)3 gnf:(x) * gsf: (%) *9n 9s fsec(x), (4c)
X
f (X)Ko(Ko)(sgo) gn'fs (X) + gﬂgs fSOQ (X) ’ (4d)

where grq and gs are the parameters of structure functions (1c) of res-
pectively nonstrange and strange sea (anti)quarks in the kaon. The analytical
form of the functions entering the r.h.s. of expressions (4) is aiven in the
Appendix. The functions {-: {(X) and f: (X) coincide to the accuracy of
the X -independent factor which differs from unity no more than by a few
percent ; hence f:(x) % f:(X) = fN(K) . The same s true for
f:(x) & f:(x) = f,(x) (see the Appendix). The functions £, (x) and



' fs(X) describe the processes respectively with nonstrange and strange
valence quark of the kaon; they depend on the parameters f.\N s Ps s b’ of
structure functions (1) as well as on the acs ~-mentioned parame r W
(rather on two parameters Wy and Ws which in tie ge. »? case may be
different for the processes with the participation of strange and nonstrange
valence quark of the kaon). The function fsea.(x) describes the processes
with the participatifon of only sea quarks of the kaon and depends on the sum
{ .t B+ Y only. Al these functions have a conmon unknown factor
A, = Ay flouring 1a the recombination function (2).
It should be noted that at large X > 0.8, when the contribution of

the function fsea (X) 1s insignificant, between the inclusive spectra (4)
there take place certain relations depending only on 7\5 = 95 / 9« - the

suppression factor of the kaon strange sea, in particular:

f(X)=Asf x)

K~=tp K~ K°(890)
(X) o X +
fx"- Kk*(890) fn(*-—)v(seo) 2 15 fn(.,.‘.;-

and so on.

Therefore, when comparing the expressions (4) with experimental data,
the parameter .Rs is determined most correctly, 1ts value depends weakly on
the choice of other parameters entering the (4). When comparing the (4) with
experimental data, the parameters fﬁ, and f% characterizing the behav{or
of structure functions of valence quarks in mesons at X~ 0 were not fitted.
Their values were fixed proceeding from the fact that the hehavior of the
valence structure function at X~ 0 1s given by the intercept & (0) of
the leading Regge trajectory connected with a quark of the given type [446]:



1
D
(85

.PN =1 ng’(o)

B. = 1-0dy(0) =0.9

c

at the values  (o(0) =0.5and  oly(0)= 0.1 [24] .
Tie fitting embraced also experimental data on Inclusive snectra of ten-

sor wesons K (1430), the expressions for which have the form:

£ () L £ &)
K- KO(1430) (Ro(1430)  Av Ykt ko(g90)(R(890) (5a)

(X) = froex)

ktext(1430) By kt-x*(890) [5h)

where the coefficient (f?r//fqv) represents the suppression factor of the
production of the tensor mesons as compared to vector ones. Here also the
contribution from the decay K (1430) —> K (890) & was added to the
expressions (4c), (4d) for the spectra K (890).

The fitting was performed over 7 parameters: QN (=9u = ga = gd = 9&) »

‘hs(=gs/gu) > X(._-qu) ’WN’WS » Av and (ﬂ,./.ﬂv), The
fitting results are 1isted in the Table.

Tahle
'KS gN K VVS WN H‘I‘/-ﬂv .Hy xa/NDF
0.184 0.18 1.63 0.24 ~Q 0.42 2.0 1.8%
+0.009 (.02 +0.09 +0.02 +0.03 0.3
(0.2) (0.07) {n.5)




The theoretical curves calculated at the aiven values of ' arameters =va
conpares to the experimental data in Figs. 1-4 xe/NnF = 1.8%;.

éor the suppression factor of the strange kaon sea there was obtained
the value JAg= 0.1820.01 .

The suppression'coefficient for the tensor mesons determined from the
fitting proved to be (.FI-,- /.Flv) = 9,42+0.03,

The obtained estimate of the parameter Y = % Qa = 1.63:0.09 de-
terminino the norm of the auark-gluon sea in the kaon (see (1)) does not
contradict the experimental data [3] on the ratio of structure functions of
nonstrange valtence quark in the kacn and nion, neither the estimates from
Ref. [5] . At the mentioned values of fh ’ f% and K the rnonstranoe
valence quark carries away the fraction < X: > = 0,17 . the strance valence
quark - < X; > =0.30 , and the sea partons - < X5> = 0.53 of the
kaon longitudinal momentum.

To check up the sensitivity of the parameters Ag, ¥ , (HT/HV) te
the values of the fixed parameters 9N and Ps. , the latters were varied
within the limits 0.4 € P" € 0.6, ﬂf‘ <P < 1.0 (see, e.q. [5]).
Here the values of JKS and ( 531-//13v ) varied within the above-cited
errors; the spread in the parameter X increased up to :0.2 , while in the
parameter qu - up to 0.5 (see the Table, where these spreads are indi-
cated in the brackets). The value of the parameter gu varies within

9N = 0.18£0.02 .. There come out the following estimates of the mean fraction
of the kaon longitudinal momentum carried away by sea partons of different
types : for the summary momentum of the nonstrance sea partons < X,s, V=

= 0.23+0.06 , for the strance sea partons < x‘;’> = 0.02:0.01 ; for the
oluons < Xg> = 0.2840.09. These values noticeably differ from the similar
values for the proton {and apparently for the pion [25] )} from which the sea

quarks carvy away nearly 10 %, and gluons 50 % of momentum. It should be

10
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noted that in the given work we have applied the Kuti-Weisskopf “standard”
parametrization {6] for the multiparton distribution function of hadron;
the resulting structure functions (1c) of sea quarks decrease tno slowlv
with increasing X , nearly as (1 - X )2. Therefore the ahove-clted esti-
mates for the average momenta carried away by the sea partons of different
types should be considered as preliminary ones awaitine verification. Into
the "modified" Kuti-Weisskoof model [10,13.14,26] one mav introdiuce a ney
unknown parameter ensurina a stronger fall off in the sca with increasing
X . Note, however, that to determine this parameter, one needs exreri-
mental data more sensitive to structure functions of sea partons, e.q. data
on inclusive spectra of reactions, K!p—- y* . KtP —- K* (89n),
K+p - Re (890), etc., defined by the sea part of expressions (4),

Finally, the fitting results show that Wy ~ 0 , and Wg varies
(with respect to the spread of the fixed parameters P" and Ps ) within
the 1imits Wsg = 0.25:0.07 . This implies that the nonstrange valent auark
of the kaon in interaction practically entirely loses 1ts "coat”. while the
strange valent quark partly preserves {t.

The appearance of new experimental data on fragmentation of the kaon to
meson resonances will enable one to obtain more complete und reliable in-

formation on structure functions of the kaon.

1



APPENDIX

Two-valon distribution functions of vector mesons Gy (Z,,Z2) are giver

by the expressions:

M e -4 :
Go(Z1,22) =2, Zo B (My*1, Ny*1), (A 1a)
s _ s _ -1 ) (a1
Gg(ihia) =Zy Za B (Qgt1, qs+1); (8 1b)
Iy Ts _-1 _ A
GK*(21)22)=Z1NZZSB (M1, 9151-1)) (A 1c)
where the parameters 1, and f], have the followino form [15] :
QN=-1+E/2 +F~ Ns =~ 1+5/2"‘P5 : it should be noted that

the inclusive spectra are low-sensitive to the values of these parameters
(see below).

The functions entering the {4) are as follows:

f:(x) = C: x9"+wa(1-x)'H‘BSm-WN)J’ (A 2a)
f;(x) =(C:/C§)f5(x) . (R 7h)
f:(x)= ¢ xg+wsg(1-x)"*ﬁ”+("ws’b: (b 2¢)
froo=(Ca/cdyid, 2

1Byt Bty (A 20)

_fsea(x)= Ay (1-X)

.
‘
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where
BB +WWY +Nyt1,nut1)
C =fv B (Lt WY, £+ (4- WN)K)B("INH Myt 1)

B(.@N*WNK*QN+": r15"'1)

ck=14

NOTV O BBt WY, Br(1-WW)E) B(nt1,ngtt)
3 +W "'1; *1

C:':H B(fs 5§+ Mg Nst1)

c*-q BB +WsY +Nett, Nyt1)
STV BBt WaY, B, t(1-Ws)X) B(Natt ,Nst1)

At variation of the parameters in the limits O < N,

K
the values of Cs ,

ratio of (Cyn /C,s:) and (Cg /C;?) varies even less.

1 I NN

b}

’0’2

T T T rTYTT—

Lo b ) 1. ) 411}

)
Y B(?s*wsb', PN"“'WSM/\' B(nst1 ,nstt)

(A 3a)

(A 3b)

(A 2}

(8 ad)

s < 3
4 K
C . Cs vary nc more than by 5 %, and the
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Fig. 1.

Fig. 2.

Fig. 3.

Figure Captions

The 90 -meson inclusive spectrum in the K-meson fragmentation
region. K*£+0°: @ - 32cev/c [16], A - 70 ev/c [17]:
KB e° : O - 326ev/c[18], A - 110 6ev/c [19].
The calculation curves refer to the fragmentation processes for
the number of conmon valence quarks Ny= 1 (dashed), NV =0
(dash-dots). Solid curve - the tctal spectrum.

The inclusive spectrum of the ¢ -meson in the fragmentation
region of the K-meson. Kt A Y : @ - 32 6ev/c [16] ,

A - 70ceve [20]; KB @ :0 - 32ceve [18].
Dash - Ny =1, dash-dots - Ny =0 . Solid curve -

the total spectrum.

The inclusive spectra of the K (1430) -mesons in the kaon
fragmentation region, .
) K*-P» K'1130): @ - 32 cevsc [21] ; K™~ K™ (123):
O - 326GeV/c [22]. Dash - Ny=1 (the fraomentation on
the K-meson stranqe quark), dash-dots - Ny = 1 (the fracmen-
tation on the K-meson nonstrange quark), dash-dot-dots - Ny =0,

Solid curve - summary spectrum.

b) K £ Kk°(1430): @ - 32 6ev/e [21]; K L K°(1430):

O - 32 Gev/c [22]. Dash - Ny =1 (the fragmentation on the

-meson strange quark), dash-dots - Ny= 0. Solid curve -

- summary spectrun.

16
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Fig. 4. The inclusive spectra of K(890)-mesons in the fragmentaticn
region of kaon. Dashed curve - the spectrum of "direct” fraamen-
tation of kaon in K(890). Solid curve - summary spectrum with

respect to "direct fragmentation and K(1230)— K(R90)ST

decays.

a) k* L8 K'890): @ - 32 Gev/c (23], A - 70 Gev/c [17]:
K~ £ K7(890): © - 32 Gev/c [22], A - 110 Gev/c (191,

b) K* & K°(890): ® - 32 Gev/c [23]," A -70 Gev/c [17]:
kKB K°890): O - 326ev/c [22], A - 110 Gev/c [19].
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