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K* BACKWARD PRODUCTION
IN pAINTERACTIONS AT 15—65 GeV

O.P.Gavrishchuk, V.F.Peresedov, L.S.Zolin

The invariant cross sections of the yield of K* and K~ mesons are measured
at an angle of 159° on 6 nuclear targets (Be, C, Al, Ti, Mo, W) at an incident
proton energy from 15 to 65 GeV. The momentum spectra of kaons are measured
by the method of thin target on an internal beam of the Serpukhov proton
accelerator (IHEP). The kaon spectra are investigated in a momentum interval
from 350 to 800 MeV /c what corresponds to the range of the light cone variable
a = 1+1.9. The A-dependence of the K* and K~ cross sections is essentually
different: o,(W)/ 0, (Be) is equal to = 10 for K* and about 2 for K~. The ratio R
of the K* and K~ yields demonstrates a weak dependence on a, but it grows
substantially with increasing A: R(Be) = 10 and R(W) = 50. In the frame of the
Fluctuon Fragmentation Model, R(a, A) can be connected with the redistribution
of valent and sea quarks in the nucleus (in particular, with the reinforcement of
the quark sea in fluctuons).

The investigation has been performed at the Laboratory of High Energies,
JINR.

Brixon K* Hasan B pA-B3anmMoneiicteusx npu 15—65 I'sB

Faspumyk O.I1.,ITepecenos B.®., 3omus JI.C.

H3aMepeHbl HHBAPHAHTHBIE cedeHus poxaeHnus K+ - u K~ -Me30HOB NOA yr-
nom 159° Ha wectu agepubix muineHsax (Be, C, Al, Ti, Mo, W) npu 3Heprum
AaAaouMx NpoToHoB — 0T 15 1o 65 I'3B. MMnyabCHbIE CNIEKTPbI KAOHOB M3ME-
PEHBI C MCHONB30OBAHWEM METORA TOHKUX BHYTPEHHMX MMILIEHEH HA BHYTPEHHEM
MyuKe NpOTOHHONO cuHXxpoTpoHa UPBI (Cepnyxos) . CnexTpbi KAOHOB UCCJiE-
NOBaHbl B MMITYJILCHOM uHTEpBase ot 350 no 800 MaB/c, uto cooTBETCTBYET
HHTEpBay 3HaueHHil nepeMeHHoM ceetoBoro ¢poHTa a = 1—1.9. A-3asucu-
MoCTb ceuenmit a1a K+ u K- cymectsenno paanuuna: o, (W)/og(Be) pasno 10
st K¥ m okono 2 jna K—. Orvowenne R Bbixopos K+ u K- nemoHCcTpUpyer
cnabylo 3aBMCHMOCTb OT @, HO CYLWECTBEHHO PACTET C YBEAMUEHHEM A
R(Be) =10 u R(W) = 50. B pamkax monenu ¢parmentaunmn GurykryoHoB
R(a, A) moxeT GbITh CBSI3AHO C NEPEPACTPEENIEHNEM BAJIEHTHBIX M MOPCKHX
KBAPKOB B IAPax (B YACTHOCTH, € YCHIEHHEM KBaPKOBOIO MOP# BO QYK TYOHAX) .

Pa6ora semosinena s JlaGopartopuu seicokmx snepruit OUSIH.

The production of high momentum mesons (q = 0.5 GeV/c) at angles
close to 180° in nuclear fragmentation under the influence of high energy
beams is not an ordinary phenomenon because it cannot be explained within
the framework of the simplified model of the nucleus with quasi free nucleons.
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One of the approaches used to explain this phenomenon arises from the
hypothesis of interaction of a projectile with a density fluctuation of nuclear
matter-fluctuon. This formation can be presented either as a multinucleon
cluster [1] or as multiquark configuration [2,3] or as a few-nucleon cor-
relation [4]. Constituent quarks of the fluctuon form a generalized mul-
tiquark system, and one of its quarks-partons can carry a momentum which
is in the limit equal to the total momentum of all nucleons involved in such
formation. We call hadrons, products of fluctuon fragmentation, «cumu-
lative» according to [5 ).

Using the model based on the hypothesis of the presence of multi-
quark configurations in nuclei, a successful quantitative reproduction of
the spectra of cumulative pions has been made [6]. There has been no
detailed comparison of model predictions with experimental data for ka-
ons and antiprotons until recently. On the one hand, this was connected
with insufficient data for K™ - and p-production at 6 ~ 180° and, on the
other hand, cross section calculation for «sea» cumulative particles
(K™, p) not containing valence quarks of the nucleus requires grounded
notions about properties of the quark sea in nuclei.

In our experiment [7,8)] we have measured differential production
cross sections for positive and negative kaons at an angle of 159° (lab.
system) in proton-nucleus collisions at a proton energy from 15 to
65 GeV. The experiment was carried out on an internal beam of the
IHEP proton synchrotron (Serpukhov). Six types of targets were used:
Be, C, Al, Ti, Mo and W. The targets were prepared in the form of
thin wires (¢ <1004) to provide a multiple circulation of the internal
proton beam across the target. This made it possible to take data on
an increasing magnetic field of the accelerator and to have long runs
without obstacles for the other users. The latter is important because
of very small cross sections for backward cumulative particle production
which is about 1 nb (at ¢, =0.8 GeV/c) in the case of K~. The mo-

mentum spectra of kaons were measured from 0.35 to 0.8 GeV/c which
corresponds to the light cone variable a = (E, — g, cos6,)/m,, from 1

to 1.9. The value of minimum target mass, x .y measured in units of
nucleon mass, my, is often used as a scaling variable to discribe cu-
mulative data (x,, = 1 corresponds to the kinematic limit for production
on free nucleon at rest). The variable x,, coincides with a and the Bjor-
ken variable x at E »w; x n €Xceeds a by 5—109%, at our energies (15—

65 GeV). The rise of the invariant cross sections for kaons is
insignificant over an energy range from 15 to 65 GeV: it is on the
average about 209 as in the case of pions [8]. Further on we use the
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Table 1. Invariant cross section (E/A)do/d>q(mb GeV ™~ %c*sr™!/nucleon) for the

reaction p + A > K*(159°) at Ep = 40 GeV

q T Be c Al
(GeV/c) (GeV)
0.350 0.111  (0.126%0.010)E-1  (0.198%0.039)E-1  (0.430%0.172)E-1
0.400 0.142  (0.640%0.04%5)E-2  (0.820%0.132)E-2  (0.280%0.084)E-1
0.450 0.47%  (0.292%0.020)E-2  (0.390%0.062)E-2  (0.125%0.025)E-1
0.500 0.209 (0.105%0.010)B-2  (0.225%0.038)E-2  (0.680%0.340)E-2
0.550 0.245 (0.710%0.085)E-3  (0.660%0.185)E-3  (0.195%0.135)E-2
0.600 0.283  (0.262%0.016)E-3  (0.450%0.027)E-3
0.650 0.322  (0.970%0.078)E-4  (0.181%0.015)E-3  (0.367%0.026)E-3
0.700 0.363 (0.436%0.048)E-4 (0.572%0.057)E-4  (0.172%0.016)E-3
0.750 0.404 (0.151%0.027)E- % (0.197%0.032)E-4  (0.710%0.092)E-4
0.800 0.446 €0.750%0.180)E-5 (0.260%0.065)E-4

q Xy Ti Mo W
0.350 1.039 (0.560%0.168)E-1  (0.930%0.240)E-1 0.115%0.014
0.400 1.129 (0.300%0.087)E-1  (0.360%0.075)E-1  (0.525%0.058)E-1
0.450 1.217 €0.175%0.0489)E-1  (0.173%0.075)E-1  (0.248%0.042)E-1
0.500 1.309 (0.660%0.250)B-2 (0.990%0.280)E-2  (0.910%0.136)E-2
0.550 1,404 (0.240%0.096)B-2  (0.33020.155)E-2  (0.400%0.080)E-2
0.600 1.498 €0.172%0.012)E-2  (0.189%0.010)E-2  (0.206%0.012)E-2
0.650 1.596 (0.710%0.057)E-3  (0.750%0.045)E-3  (0.110%0.007)E-2
0.700 1.696 €0.263%0.031)B-3  (0.364%0.026)E-3  (0.447%0.027)E-3
0.750 1.796 €0.107%0.017)B-3  (0.114%0.012)E-3  (0.180%0.015)E-3
0.800 1.897 €0.290%0.087)E-4  (0.440%0.097)E-4  (0.88020.088)E-4

cross sections averaged over beam energy, Ep, with a mean value of
Ep = 40 GeV.

The normalized invariant cross sections of K*- and K™ -production,

Py = (Ek/A)da/dsqk, are presented in tables 1 and 2 and in figs.]1 and

2. The indicated errors are statistical, the absolute normalization error
is estimated to be 15%. The invariant cross sections can be appro-
ximated by the exponents of the variables a and T (kinetic energy of
kaons): p, = C 'exp(—a/ao) and p, = C exp(—T/ Ty. The dependences

of the parameters a, and T0 on mass number A are shown in fig.3.
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Table 2. Invariant cross section (E/A)da/d’q (mb GeV™%c® st™! /nucleous) for the
reaction p + A - K (159°) at Ep =40 GeV.

q Be c Al

(GeV/c)

0.350 0.992 (0.116%0.023)E-2 (0.250%0.150)E-2
0.400 1.077  (0.700%0.105)E-3  (0.820%0.115)E-3  (0.500%0.500)E-3
0.450 1.160  (0.353%0.049)E-3  (0.400%0.048)E-3  (0.102%0.061)E-2
0.500 1.247  (0.118%0.029)E-3  (0.190%0.023)E-3

0.550 1.336  (0.550%0.250)E-4  (0.112%0.022)E-3  (0.185%0.130)E-3
0.600 1.425  (0.860%0.390)E-5 (0.213%0.055)E-4  (0.330%0.110)E-4
0.650 1.517  (0.870%0.310)E-5 (0.107%0.029)E-4  (0.128%0.045)E-4
0.700 1.610  (0.322%0.162)E-5  (0.590%0.114)E-5  (0.710%0.284)E-5
0.750 1.704  (0.135%0.095)E-5  (0.354%0.114)E-5  (0.450%0.200)E-5
0.800 1.798 (0.830%0.580)E-6

q xg T1 Mo v

0.350 1.058  (0.195%0.116)E-2  (0.220%0.400)E-2  (0.215%0.034)E-2
0.400 1.147 (0.740%0.520)B-3  (0.133%0.040)E-2  (0.108%0.013)E-2
0.450 1.238  (0.960%0.480)E-3  (0.450%0.148)E-3  (0.500%0.100)E-3
0.500 1.331 (0.410%0.246)B-3  (0.260%20.091)E-3  (0.18220.045)E-3
0.550 1.426 (0.150%0.150)E-3  (0.980%0.390)E-4  (0.760%0.230)E-4
0.600 1.522 (0.670%0.200)E-4  (0.240%0.091)E-4  (0.500%0.080)E-4
0.650 1.620 (0.167%0.075)E-4  (0.175%0.058)E-4  (0.157%0.031)E-4
0.700 1.721 (0.70020.490)E-5  (0.990%0.400)E-5 (0.113%0.025)E-4
0.750 1.822 (0.880%0.530)E-5  (0.300%0.180)E-5 (0.380%0.113)E-5
0.800 1.924  (0.450%0.450)E-5 (0.310%0.190)E-5  (0.270%0.135)E-5

The slope of the spectra decreases with increasing A for X* and K™,

i.e. the «temperature» of the spectra, To’ increases. However, the A-de-

pendence of K* and K~ production is substantially different: as is seen
from fig.4, the ratio of the invariant cross sections for W and Be,

pw/pBe, is equal to 10 for X+ and about 2 for K~. As a rule the A-
dependence of particle production is characterized by the power of mass

number: Ekd"x */ d3qk ~ A%*. The dependence of a* on 9 is shown

in fig.5; in the case of K' the A-dependence differs substantially

(@* = 1.6) from the volume type dependence, Al
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Fig.2. Invariant cross sections for the reac-
tion p + A > K~(159°) + X, errors (stafisti-
cal) are shown only for Be and W

Fig.3. Dependence of the slope parame-
ters, a, and Ty, on A for the spectra

of K*(*) and K~ (0) at E, =40 GeV
and 6,=159". @&,a data for
E,=10 GeV and 6, = 119" [9].

It is shown [11] that main
features of the EMC effect can
be explaned if the nucleus is
considered as a relativistic qu-
antum system in which baryon
number is conserved but the
number of particles is not
fixed. Due to vacuum pola-
rization, the nucleus is not
only the system of A nucleons



but also the sea of particles-
antiparticles which carries some
part of nucleus momentum. As a
consequence, an additional «col-
lective» sea of g¢g — pairs as hard
as the valence quark distribution
should exist in the nucleus along
with the seas of quark-antiquarks
and gluons in valence nucleons.
This «collective» sea determines
the spectrum of antiquarks at high
x and also the spectrum of «sea»
cumulative  particles (K, p).
Proceeding from the assumtion of
the concentration of the
additional quark sea in fluctuons,
the authors of the Fluctuon
Fragmentation Model (FFM) [12]
have calculated the momentum
spectra of x*t and K in the
reaction p+d-xa*, KT (180°).
The reproduction of the experi-
mental data was quite satisfactory
for the fluctuon component in the
deuteron (free parameter) equal
to 3.6%. The ratio 't /K" calcu-
lated in this model is compared
with our data for the Be nucleus
(fig.6), the ratio and its x,,-de-

pendences coincide well although
the multiscattering effect in nuclei
is not taken into account in this
comparison.

The ratio of the K™- and K~
yields must reflect a difference in
the x-distribution of valence and

sea quarks: this ratio should have
a slight momentum dependence at
x> 0.5 if the distribution of anti-
quarks in the «collective» sea is as
hard as that of valence

BeC Al Ti Mo W

Fig.4. A-dependence of hadron production
in the reaction p+ A->h(159°) + X at
E, = 40 GeV. The dependences for x and

p are presented using the data from [8,10]
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Fig.5. Momentum dependence of the power
of mass number, a*, in case of presentation
of K* cross section A-dependence in the
form of Edoy*/dq~ A** . Curve — pre-

diction for K* {12])
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Fig.6. FFM — prediction of the quark model
of fluctuon fragmentation [12] for the
a*t/K*-ratio in the reaction p+d->nt,
K*(180°). Points — our data for Be

quark [12]. The K*/K™ ratio for
our data is shown in fig.7. The
observed dependence on x,, cor-

responds to the assumption of
hardness of the quark sea in fluc-
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Fig.7. Ratio of the yields of K*- and K--
mesons. Data for different A are depointed
as in figs.1, 2. Arrows are mean values of
K*/K- for separate A. Linear approxima-
tion of K*/K-(x,) and FFM — prediction
for the reaction p + Al » K*(180°) + X are
shown on the right

tuons. Figure 7 also shows a quantitative FFM-prediction for the Al
nucleus. In this case the observed x,.-dependence does not contradict

the predicted one, but the predicted value of K*/K™ is different. This
distinction can be connected with the multiscattering effect as the cross

sections of K*N and K™ N differ substantially at g, <1 GeV/c.

Conclusion

The momentum and A-dependences of K*-production have been mea-

sured over a wide range of the cumulative variable X, =

a=1-19

near 180° (at an angle of 159°, where ar /¢ = 0.35) and in an energy
k k

interval of 15—65 GeV, where interactions of projectiles and target con-
stituents take place mainly by far over confinement threshold and there-

fore quark-parton models of hadron

production in nuclear fragmentation

can be used as well-grounded ones. The spectra of «sea» hadrons

(K™, p) make it possible to investigate the difference of the nucleus
quark sea from the quark sea of free nucleons. Some predictions of the
quark model of fluctuon fragmentation for cumulative kaons (x-depend-
ences) are in accordance with our experimental data. However, correct
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taking into account the distortions of the observed hadron specira due
to final state interactions in nuclei is required to compare quantitative
model predictions with experimental data.
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