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Since a long time there has been considerable theoretical and experimental in-
terest in studying K *-meson production from hadronic and nuclear interactions.
Strangeness productidn has been proposed [1] as a possible signature of the quark-
gluon plasma formed in heavy-ion collisions. However, it was discussed (2, 3, 4]
that strangeness enhancement may be also simulated by hadronic interactions in
nuclear matter under normal conditions. Theoretical models aiming at the to cal-
culation of strangeness production from a pure hadronic phase use the elementary
kaon-production processes as an input parameter. QOne of the important ingredient
of such calculations is the kaon production cross-section in baryon-baryon inter-
actions. The latter one can be evaluated from the cross section of the reaction
rp— KtX.

The experimental data on the reaction were collected by Flaminio et al.[5] and
cover the beam energy range from around Tp=2.5 to 15 GeV. There are no data
close to the reaction threshold at T,=1.58 GeV as well as at high energies.

Recently with the boson-exchange model we calculated the cross section of the
teaction pp — NY K with K*, K°meson and A, T-hyperon production. The
kaon and the pion exchange graphs were taken into account and the details of the
model are described in [6]. In Fig.1 the calculated cross section of the reaction
rp — pAKt together with the available experimental data is shown. The sum of
the cross sections for the reactions pp — pE°K+ and pp — nEt K+ is shown too.
Solid line indicates the contribution from the three body final state reactions to
the inclusive K+-meson production and dots show the experimental results on the
inclusive cross section.

It can be seen fromthe figure that the contribution from the 3-channel becomes
dominant at beam energies above 2.5 GeV. Moreover, the contribution from the
three-body final state, i.e. reaction pp — NY K* to the inclusive K+-meson
production is preponderant at energies below 3 GeV. At high energies one should
also take into account the reaction channels with additional meson production.

In this paper we present the cross section of the inclusive K*-meson produc-
tion from pp-collisions calculated with the reggeized boson exchange model. The
reaction channels with T-hyperon production, which significaly contribute to the
inclusive K+ production have been studied.

As was shown by Laget [7] and in our previous analysis [6] contribution from
the kaon exchange graphs to Z-hyperon production is negligible due to the small
9% Ny coupling constant. We use the reggeized one-pion exchange model. The
diagrams are shown in Fig.2 and the relevant cross section is given as [§]
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where
s1 = (Py+Pg)?
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§9 = (P1+P2—Py—PK)2
t = (Ph—Fy - PK)2
to= (P —Py)? 2

with Py, P, Py and Pk being the 4-vectors of the initial protons and the final
hyperon and kaon. my and p stand for the nucleon and pion masses respectively.
In Eq.(1) A 1s the Kallen function
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and o4, (7N) stands for the total cross section of the 7N interaction.
Function F(t,s, s1,s2) accounts for the pion propagator and off-shell modifica-
tion of the vertices and was taken as has been suggested by Boreskov et al. {9]
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where p; and my denote the transverse momentum and the mass of the K meson,
respectively. The pion trajectory was parametrized as

ax(t) = oyt - 1) (1)

with o =1. It was assumed that
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A= o when A= RE4 R 4ol In SBLETR) o (8)
5182 ’

in order to confine function F(t, s, s1, s2) at large [¢].

The parameters To = —0.5 GeV~2 and A¢=0.5 GeV~2 were taken from [9], use
R? = —0.55 GeV~? and R? =2.25 GeV~2 from [8§].

The differential cross section of the reaction TN — £K* was parametrized in
the center-of-mass system as in [10]

do

W(WN — LKY) ~ 1+ |cosd*| (9)

with s;n being the squared invariant mass of the 7N system. At s,y > 9 GeV?
we use the parametrization from [8]

d
ﬁ(ﬂv — SK*) ~ exp (~bt) (10)

with slope b =9.4 GeV 2.
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To normalize the cross section of the reaction TN — LK 7T we use the result
from Tsushima et al. [11], which are obtained for the different reaction channels
with resonance-model calculations and parametrized as

a(7rN—>2K+):Z Aj(\/s—vr?—\/s—,f)b "
j N

(VN — M;)* + B}

where \/5:,=1.688 GeV and the parameters are shown in Tab.1.

In order to study the dependence of the results calculated with the boson ex-
change model upon the accuracy of the incorporated 7N amplitude we test the
reaction pp — LT K+ X with parametrizations from [10, 12]. A fit to the experi-

mental data was performed by Cugnon et al. {10] and used in proton-nucleus and
heavy-ion simulations as

o(rtp - TYKT)

3.21(/5aw — 1.688) , /Ern < 1.9 GeV
0.14(\/5rn — 1.7) Y at \/5an > 1.9GeV  (12)

where the cross section is given in mb.
Fig.3 shows the experimental cross section of the reaction atp — XTKT from
[5] together with the parametrizations (11) and (12). One can note the difference

between the parametrizations at \/szy > 2.5 GeV. The dashed line in Fig.3 shows
the parametrization from [12]

o(xtp—=TtK*T) = 0.1p*® , 1.05<p<1b
= 148p7!8 | p>15 (13)

where the cross section is given in mb and the incident pion momentum in the
laboratory frame p was taken in GeV/c.

With the reggeized one-pion exchange model we calculate the cross section of
the reaction pp — L1 K+ X. The solid line in Fig.4 shows the result averaged over
the calculations with different parametrizations for the reaction 7¥p — £+K* and
the errorbars demonstrate the corresponding errors due to accuracy of Monte-Carlo
integration. We found no difference between the # N parametrizations discussed
above. Fig.4 also shows the cross sections of the reactions pp — 9K+ and pp —
£~ K* calculated with (11). Note that the dominant contribution to inclusive
K*-meson production comes from the £*-channel.

The total cross section of the associated LK+ X production summed over all
final £-channels is shown in Fig.5 by the dashed line. The dotted line shows the
contribution from the reactions with three body-final states, i.e. pp — NY K+ with
A and E-hyperon production. The dashed-dotted line shows the result calculated
with the pion exchange model for the associated AKtX production. Note, that
we did not account for kaon-exchange graphs, which contribute to A production.

Fig.5 shows the sum of all reaction channels and the experimental data on
inclusive Kt-meson production. The calculations quite reasonably reproduce the



o (mb)

\ R S
0 2 4 6 8 10 12
T, (GeV)

Figure 1: Experimental cross section of inclusive At production (dots) and the
reaction pp — pAR* (squares). The lines show contributions from A chan-
nel(dotted), ¥(dashed) and the sum(solid) calculated with the boson-exchange
model for pp — NY Kt [6].

Reaction

7 A [ub] 7 M [GeV] | B [MeV]

T p—SFRT [ 1] 3501 | 0.9541 189 | 124.418

mtp —LYKY [ 21 1594 | 0.01056 | 3.0 970.155
w0p — XOK+ | 1| 3.978 | 0.5848 1.74 81.67
m0p — XOR*T | 2| 47.00 | 2.165 1.905 79.737

nTp—~STK*t [ 1| 9803 | 0.6021 | 1742 | 81.1357
|7 p =S K+ | 2] 6521 | 1.4728 1.94 79.044

Table 1: Parameters of approximation (11) used in our calculations.



Figure 2: One-pion exchange diagrams for the pp — LK*X reaction.
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Figure 3: The cross section of the reaction 7*p — £+ K*t. Experimental points are
from [5]. The lines show parametrizations (11)(solid), (13)(dashed) and (12)(dot-
ted)
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Figure 4. Calculated cross sections of the reactions: pp — ST KT X (solid line),
pp — LYK+ X (dashed) and pp — £~ K*X (dotted).
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Figure 5: Total cross section of inclusive A+ production. The dots show experi-
mental data from [5]. The lines show the contribution from associated T (dashed)
and A production (dashed-dotted), reaction pp — NY Kt (dotted) and their sum
(solid).



data and there is no much room for contributions from kaon-exchange graphs. We
found that dominant contribution to the inclusive A+ production comes from the
reaction channels with £-hyperon production.

The total cross section of the inclusive A +-meson production from pp-collisions
we parametrizy as

o(pp — KT X) = a(l - 6.48/5)"(5/6.48)° (14)

with a = 2.021 mb,b=1.829. c=06at s < 15 GeV? and a = 0.494 mb, b = 2.03,
¢ = —1.294 at s > 15 GeV? where s is the squared invariant mass of the initial
protons in GeV2. The parametrization is valid from the reaction threshold up to
beam energy of 400 GeV.
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HMukmosusnoe poxgenne K "mesonos
B HPOTOH-1IPOTOHHBLIX COYRAPCHHAX

B pamkax Moie/n 0an00030HH0I0 0OMEHA BRIICICHO Ceueliie K TI03HBIOIO
-+ ..
POXUenHs K -MC30H08 B pp-coyuapetiax.  Penvibtarel BHUNCICHI yIORIIET-
BOPHTCABHO BOCHPOMIBOIWAT AOCTYIHbIC IKCHEPHMENTAILHBIC JIAlHble 1 CIyKaT
OCHOBAHHCM L1 HAPAMETPHSALHH  9HEPICTHUCCKOR  3aBHCHMOCTH  CeYeHHs B
UTHPOKOM AHANAB0HE JHEPIHH OT HOPOFd PEARIN 10 HECKOIbKHX coTen 9B,

Pabora shnozmena B TaGopartopin saepubix 1pobiem OUSH.

TIpetpisT OOLCAMHCHIOTO HUCTHTVID SACPHLIY HCCTEROBANMIL Ay6ua, 1995

Petrus A., Sibirtsev A A. E2-95-361

Inclusive K * Production in Proton-Proton Colhsions

With the boson exchange model we catculate the cross section of inclusive
+ . . . .
K “-meson production from pp collisions. The calculations reasonably reproduce
available experimental data and give the base for parametrization of the energy
dependence of cross section in wide range trom the reaction threshold up to several
hundreds of GeV.

The investigation has been performed at the Laboratory of Nuclear Problems.
JINR.
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