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Since a long time there has been consid~rable theoretic~! and experimental in
terest in studying/(+ -meson production from hadronic and nuclear interactions. 
Strangeness production 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 strang(lnCSs enhancement may be· also simulated by hadronii: 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-prc_>duc'.tion processes as an input parameter: One of the import~nt ingredient 
of such calculations is the kaon production cro~s-section in baryon-baryon inter.: 

. , actions. The latter one can be evaluated. from the cross ·section of the reaction 
·. pp -+ K+ X. , _ .. .. . . . 

The experimental data on the reaction were collected. by Flaminio et al.[5] and · 
cover the beani'energy range from around Tp=2.5 to.15 GeV: There are no data 
close to the reaction threshold at Tp=l.58 GeV as well as at high energies .. 

Recently with the boson~exchange model we calculated the cross section of the 
reaction pp -+ NY K· with K+, K 0-meson and A, E-hyperon production.· The. 
kaon anq the pion exchange graphs were taken into account and . the. details of. the. 
model aie_aescribed in (6] .. In Fig.l the calculated cross section of the reaction 
pp -+ pAK+ together with the available expei;imental data is shown .. The sum of 
the cross s~ctions for the reactions pp-+ pE° K+ and pp.-+ nE+ K+ is showi:i too. 
Solid ifoe indicates. the contribution from the' three body· final state reactions to 
the inclusive K+ -mesoii production and dots show the experimental resul_ts on the 
inclusive cross section. . . 

: It can be seen fromthe figure that the contribution froi:n the E~channel becomes 
dominant at beam energies above 2.5.GeV.:Morbover, the contribution from the 
three-body final state, i.e: reaction pp.-+ JvY J<+ to the inclusive /(+ -meson 
production is preponderant at energies below 3 GeV. At high energies orie should 
also take into account the reaction· channels with additional meson p.roduction. 

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

· · As was shown. by Laget [7) arid in our previous, ahalysis [6] · contribution from 
the kaon exchange graphs· to E-hyperon production is negligible due to the small 
YkNE coupling constant. We use the reggeized one-'pion exchange modeL The 
diagrams are shown in Fig.2 'and the ~elevarit cross section is given as [8] 

where 

d (·. .K;X•.) _ 64;s1A2(s1,mh,µ 2)du( ·N'. YJ;+ . t) · 
u pp-+ . .- .. '( 2 2 ) dt 7r -+ . 's1, t . ._ " s, mN, mN , 1 _ 
. . . , . - . d3u.· .d3p· 

. 2 2 . . . ... · 2 .. • Y K · 
XA(s2,mN,µ )~~101(1rN,~2)F (t,s,s~,·s2)(21r)32Ey (21r)32EK (1) 
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s2 = (Pi+ P2 -Py - PK)2 
' 

. . . .. · ,. . . . '2. . 
It.=, (Pi - Pv-:-:-· PK) ·: 

ti . _; ,(Pi ~Py)2 / , .. - (2) . 

'with P1, P2 ; fy aniPK .being the'. 4~vectors ~f the i11itial protons and the final -
hyperon and kaon .. mN and µ stand for the nucleon arid pion iilasses respectively.· 

In Eq.(l), A is the Kallen function- - · ~ · 
. .~ ' .. ; . . . ' ... 

'· • • .,. I ·' ·. • ' -. • ' . . . 2 -
. - '( .. :· . ·.) _ ( X - y - Z) - 4yz , .(3) 

"x,y,z .- ·,. . . .. . . 
1. .. -~-- 4x: .. •. :- . 

and Ut;1(1rN) standdor the totic~oss secti@•of the iN iriteract:iori. . , , . 
Func.tior, F ( t, s, s1, s2): accounts for. the'. pi~w propagator and, off0 sn~ll modifica

·tion-of the vertices and;was taken·as has heen:sugge~ted oy Boreskov et aH [9], 

. -.·•. ::' . .• . ; '•sp:i~hm2' 1· _- ::'.: ' 

'F(t;~,s1,s2)' = ,exp(:[:R2+a~ln ( t. ·. K)]i(f..,,;j.i2))'.x.; . 
) · . · : .. · ·· ' 81S2· ; . ; ·. . :.; .. 

- with; _; ~_:
1

1r;~~siri (~
0

1;(t;/2);:·• 'ltl:~~_;IT~L . . . . r 

' · •. -.~ira,,, 1 '.I- =-:·--2: . L . • .. 
1 2, sin('m;,.([fo)/2lxp [Rr(t_~_.: To)} ltl\5-1'.fol• . (6/ 

': 

. • wlie~e ; 1 ~rid,mK d~~ote the tr~nsverse ~omentumanditl:ie mas~ ofthe1t<f mesori;: 
·respectively: The piori,trajectory, w~:para~etrizedias . . ... 

, I . ~ . ' - ' . / .. 

a,..(t)':::=·a~(ti- µ 2
)' 

>' (7)r .. 
~ 

' ' ... " .· \ . . .. 

with,al,.'=H Ittwas,assumedlthat\ , . 

x,-·x >w~ei ;,c..Ri-=R2 '~a;':lh ~(Pi:;mkV <'X ·. (8)' 
. . _,- 0. .., ... - ' ' 1, • __ .,, . SiS2• · .. :-·-; ~ .. ··· 

inord~rlto coiifinefunction.'F,(t/s;s1fs2),at0~~~e:ltl£: ·.. · , · ·.· .. • ·. ·· .. 
. The parai:netersT0 _~:-0.5·_GeV.,.. 2 "and:Ao=0:5 GeW·2'weretaken fr6n:i[9]; use' · 2 ,, ' ' . . 2 · ... 2· ' . . . . ·. 2. · ., ' ' . . . 
R =. -,-0.55~GeV1- ;and 1R1 ;=2,25 GeV.~ from-[8]: . .::. , :, : .· i., · · ·· . 

. The, differ~ntial cross section :of ,tne. readion, 1r N, ..:...· EK,+· W'~ ,param.etriz'ed Jn 
the center,of~mass system asjn [10]\ . · · · · ' ·· · · 

' ' , ', "'-.,. ' _ _. ·. . ,_ - ... _.:' 
.-·du· .... ·' ·-: · . · . · .. ·· .. · ·. 

.-.-'-(1rN,----. EK!,)'~ 11+1 cos0*l 
d cos 0* , · · , · . · · - · .: · 

(9}' 

• ~. • •, •. F •, ~ • , •. ~ { ,• 

· with s.,, N ,be'ing the :squared 'invaria~t •mas; of•th~,7r N',system:,. At 'i.,, N; > '9 Ge'V2 · 
w~ use the parametrization',from.[8]> ' . . ' . .. . 

, · ' du.( ·N ... ~ E~~) ~ ex.p ( .:...bti) 
7f' . , • ,I 

dt1 . _ . .. . ... ·· · 

with slop.e b=9.4 Gev::-2 .. ,,;---··.-~. •·.·. ·.3•: ..•.. ,:.·. v~,.~.~-... w~--:.,k ... a~'-4 ~i ., .... r,<"·.-• a.;_a . .. .... ~ .. o SJ.<;f!,'.:B.4K. Ht, ."l~J"."'"''-'.t. 

, 6~6Jl~!O~ ··• 

- t 

(10) 



To ·nor~alize the cross section of .the. reactio~ 1r N ,:_; EK+ we ·use :the result 
from Tsushirna e_t al. [11],,which are obtained for.the different-reaction channels " 
with resonance-model. calculations and par~metrized as 1 ' . 

. . ' -~(1rN ~EK+)~:°". A;(~ c-- ~)!; .· •. 
·. · · · . · L-;-t(~-M))2 +B~ . 

. . . J: . . . '· 1 . 

. (11) 

where vsih=l.688 GeVand the parameters are shown in Tab.f._. _ . 
. In order to study the dependence of the results calculated with"the bo;on ex- . 

. . change model upon the ac.curacy of the:_in.corporated ,i-N amplitude we test the 
reaction pp __ e-+.: r;+ K-t: X with parametriza~ions from. [10,' 12]. A fit· to the expe~i.: 
mental data ~as perforrr:i~d byCugnon.et-aL [~0] and .used in proton~nucleus and 
heavy-ion simulations as - ·· 
. - -· ' ' 

u(;+p_:......i+·K+) ·: = . 3:21(~-'-- I:688)'', ··:..Js;N. <1.9 Gev 

= ··-0.14(Jt.;;i;.-1.7f/ at··--..;s;;;~ l.9_Gev;_ (12) 
-· ., .- . - ·- ' . . .· ··-· "':'- . 

where t~e cross section is givenin mb. ._ , . . . . 
Fig.3·shows the experimental cross section of the reaction·,r+p __._r;+ K+'from 

[5] together with the parametrizations (11) and (12). One'~an note the difference;' 
between the. parametrizations 'it ..js;ii > 2:5 Ge.v: T_he d<!:5hed lin'e iii. Fig.3 shows 
th~ paran:ietrization froill [12) . . ·. . .. ·. , 

u(1r~p ..... ~+i+) · 4.s·. .. · 0.lp -.. , 1.05 < p <· l.5 
.. · L48p~ 1·85 ·, .i?. 'L5 '-• 

,where the:cross ·section is given in:mb and'the i~ciderit pion mo'menturil in°'the 
laborato~y frame p was taken in Ge V / c: . . _ : , . _ -· . · < > . 0 

. With~the reggeized one:pioii exchange mod.el we calculate the cr~ss section of 
thereaction pp ..... E-t: J<+ X. The solid line in Fig.4 shows the ·result averaged over. 
the.calculationswith·differ~nt:parametrizations for _the rea:c:tion·1r+p ..:.+ E+K+ arid 
the error bars demonstrate the co~responding erro~s due t9 11,cctiracy .of Monte-Carlo 

- integration., We found· no differe~ce;between the· 1r N. paraine.trizati6Iis discussed . 
above. Fig.4 also.shows the cross secticins of the reactions pp·:...+_ E°K+ :and pp:...... 

·E..:. [(+ calculat~l: wi~h (11) .. _Note that the dri!Jlina,nt contrib~tia'~ to inclusive 
K+-mesonproductiori comes from,the·r:+ -channel., ; · .. ,.. •· __ -· .. ,., , .•... ·_· • 
' The totai cross section of the ~soci~ted EK+ X production-summed over all 

finali>channels. is, shown in·-Fig.5 by th~ dashed .lirie.: The. dotted. line. shows thf 
contribution from the r~actions with th~ee body-fi~al states, i.e. pp ..... 'NY K:t" with 
A and. E-hyperonproduction. 'Tlie da:shed~dotted ·1irie shows the result calculated-. 
with the pion exchange rnodel foi the'~sociated AJ<+X.procl.uction;·Note, that 
,we did not_ ac~ount for °k'aon~exchange graphs: which contrib~_te to Aproductiori: :_; . 
... Fig.5 _shows the sum of all'_reaction' channels-and' the'experiment~i-. data:. on·· 

. ,inclusive /{+-meson production'. The calculation~ quite re~onably-~ep~oduce the 
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Figure 1:: Experimental cross se~tion,or'inclusive K+· production (dots) and the 
.· readion:·pp - '. pAJ<+ (squire~)- The linessh~w contri!mtio~s from. A' chan< 
nel( dotted), E( dashed) and. the surri(solid) calculated )Vith the· boson~exchange · 

· modelfor·pp-,.NYJ<+ [6]. · - · · · · · 
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Reaction 
.'ll''P-~ E!1{ 
·,r+p ·,:... r;+J{+ 
· ,rop . ....:... r;o J<+ · 

,rop.....,. r;o J<+ 
,r-p....:... r;- J<+ 
,r-:-;p.:.... r;- J<+ 

j 
1 
2-
1 
2 
1 
2 

A_Jµb] 
35.91 
159.4 
3.978. 

· 47:09 
9.803 
-6.521 

f 
0.9541 
0.01056 
0.5848 
2.J65'· 

· 0.6021 
1.4728 

M [Ge\T] 
1.89 
3.0 
1.74 

1.905 ; 
1.742.: 
1.94 ,'\ . 

B [MeV]. 
. 124Al8_ . 
. 970.155 

81.67' 
79.737 

. 81.1357 
79.044 

· Tabl; 1: Parameters of approximation (11) us:d in our c~Icuiation~. 
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Figure i One-pion ·exchange diagrams for the pp -':>j~K+X reictiori: 
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data and.there is no_ much room for contributions_from kaon-exchange graphs:.We 
foun~_t9af domina11:tcontrib_utio~ to th~' i~cl~sive J(+ pro~uctio/1- come~ fwm.the 
reaction channels with :E~hyperon production. < _ · _ · . . . ., - : , · 1 , 

Th~ 'total cross section of theindusiveK+~meson production fro~ pp-coll_isions 
. we pa'ramefrizy· as-' •. . .. . . . 

,. 'u(pp 7' g+ X) ~ ll{l - 6.48/d(s/6.48H .. (14) ;C 

'with a= 2.021 mb, b ~ 1.829, c=;= 0.6 ~ts'< 15 G~V2 and a== 0.494 mb, b=.2.03,· 
c'= ....:.1:294 at s > 15 deV2 where s is;the squared invaria'nt mass ofthe initial 

. . ' proto~s in Ge V2 : The p'arai'netriz~tiori. is. valid from the_ reaction thresh~ld up· to -
beam erierg/of400 GeV.' ,· . . . ' · ·· . . . . ·. : ',. 
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