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o T Inclusrve pxon asymmetry AN in smgle spm pr N 0X process have been studJed i
.- at 200 GeVin Fermilab (E-704 collaboration) [1] and at 13 and. 18 GeV in BNL [2]. They
B found out that the asymmetry was small at low zx and pL. and reached ~ 40 % at high zp '
‘ooand pye The sign “of asymmetry strongly correlates with the sign of produced pion.: The:

;‘_used nonperturbatlve mechanisms [4, 5].. S

: conclusmn was made that the effects could not be expla.med in the frame of perturbatlve .
. ‘QCD To expla.m the results some authors took mto accou.nt h.lgh tw1st correctlons [3] or SRS

; Comparlson of Femnlab and BNL data shows that the asymmetry behav1our depends' s
on the collision energy. A’ few models have been elaborated for the descrlptlon of pion e

: ; asymmetrles ovserved in E-704 experlment [6, 7]. " Since they were based on analytlcal\f_s

2 :calculations they could not take' into account’ kmematlcal effects” wh.lch are, from our .

ipomt of view, very important; pa.rtlcula.rly, ‘at 'BNL and lower energles s
7 So the purpose of this paper is to estlmate the role’ of kmematlcal effects&and 1nter-"-i.
g medlate part1cle product1on on the: behawour of inclusive’ pion. a.symmetry The- article '

s1mulatlon procedure.” Companson with experlmental data and’ ’thexr analys1s are glven 2
m Sectlon 3 Sectlon 4 conta.ms the summa.ry of results and conclus1ons >

2 Slmulatlon of Left nght Plon Asymmetry

§

fragmentatlon range of mcomlng partlcle Az1muth asymmetry of the process is. deﬁned -
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where UT(L) is'an 1nclus1ve cross sectlon of p1on produced by proton w1th spm d1rected up

= A(a) PB cos(c.o), o [ |

S the left The asymmetry Ay measured at. azxmuth angles p= 0 a.nd p=m depends on L
Cxp= 2p1, / \/_ where py, is the  pion longltudmal momentum in the an system, /3 isthe
: total cm energy, a.nd transverse momentum p It T S

- U(-’L‘F pL,O)r-U(-'L‘F,PL,W) e s
A.,,a: = ! c e (2)
Co ( F’m) o(zk,p1,0) +a(zr,pL,m) T («':)j _
gWe sunulated 1nclus1ve plon asymmetry in: pola.rlzed proton—-proton mteractlons using ;-

drfferent hadrons ‘are adjusted by compa.rmg the results of s1mulatlon w1th experlmental \

"1, orgamzed as follows. Section 2 gives a "description "of hadronic generator  for unpo- -
++ larized proton—proton colhs:ons based on bremsstrahlu.ng mode] and’of the asym.metry R

w We shall cons1der the 1nelast1c scattermg of polanzed proton off unpola.nzed one in the 'y ,‘ el

o (down) relatlve to its: momentum and orthogonal to scattering pla.ne 6.and p-are zenith' - N
_;\‘;and ammuth angles, A(G) isian’ analyzmg power and Py is polanzatlon of the beam e
.+ Positive asymmetry for upward pola.rlzetlon of the ‘beam mea.ns that plons tend to go toi S

: the. followmg assumptlons 1) ‘Secondaries are direct pions, nucleons and resonances (p's, .
w-mesons ‘and Acisobars). - The: latter decay: into final partlcles :2): Only the seconda.ry ot
. with ma.mnm.l longitudinal momentum  (first— rank or leading . hadron) can be radiated .
s asymmetrlca.lly 3) Asymmetrles of lead.mg hadrons don’t depend on Tp. (thelr values for . -
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e : | L T : L e o ! : st f t ti rti l ccordm to energy; momentum
,ﬂ data) 4) Srgns of asymmetry for them are deﬁned in' accordance to asymmetry srgn rulc drstrlhutcd between remnants of interac mg p arcles & E. gy
: {8, 9] 5) Transverse momentum dependence of asymmetry is chosen m the forrn transrtlon prohablhtres we use d the results 0 f OPE model [13] e o e .

f(P.L) (01(1 - azP.L) + 03)
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'I‘able 1. Transrtron prohabrhtres for partrcle productlon in the P + p e h + X reactron g SR

[

: ;:Therefore the asymmetry of leadxng hadron is deﬁned as”

Alead__ao f(PJ.), !

L

p—p p—vn p—>A++ p—'N p—>A° p—vA“‘
©<0 . [0167]0311 [0274 , [0.143 |0.085 [0.0 .

. where ag, al, az, a3 a.re ad_]ustable parameters “The parametrrzatlon allows one to descrrhc S
L the experlmental data both for Tp- and p J_-dependencres Note here that the contrrhutlon L o
of partrcle productlon w1th pi~0i is kmematlca.lly suppressed ‘ L "
. ‘For simulation’ of inelastic proton—proton “collisions’, we' ‘used elaborated by onc of s
Ty 'ythe authors (G M.) the’ model based' on bremsstahlung approach [10] Accordmg ‘to th 3
; ‘ubremsstrahlung analogy the multrpartrcle productlon in hadronic 1nteract10ns is. consrd
- ered as'a result of emlssmn of stable mesons, mesonic rcsonances and mtcrmcdratc ‘ob _]u,ts
o wrth non-ﬁxed masses clusters Cons1der1ng quasrclassrcallylthe colhsron of two extendcd

T hadrons one can say 1 that the’ colhsmn impact parameter is randomly d1str1buted in such a ,f g
; way that only portron ‘of. the1r energles are' 1nvolved into multlpartrcle productlon Impa(t

parameter dxstrrbutlon is m close relatron w1th so called 1nelast1c1ty dxstrrhutlon_ On thc

i first step the energy portron avallable for. productlon of seconda.rles W= F; k\/'; is

: '“evaluated where F; is the energy ofi=th produced partrclc kis 1nclast1c1ty Fluctuat1ons ;

- of the 1nelast1c1ty from event to event leads to ‘the dxstrrhutron P(k) It has been shown
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v 3 Numerlcal Results and Analy51s -
foeoimeoy of Experlmental Data |
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Wc have generated exclusrve cvents for p— p colhsrons at 13 18, 40 and 200 GeV Thc “ S

ag—l(GCV/(')—l 403—025 i ,' R T k:_ .' 7:1 ;

T

: ,‘ partrcle agy partrclc ag i ’partlcle ag |
wt \+06 \p+ﬁ 03 AR 061
b 40.2: 0 L A0.07 [ AY 0.6
w06 P | =03 [ A% 402 |
N IR R ~+013’ A-‘“" +0.6°

; consrderable amount’ of‘kmetlc energy of colhdmg hadrons is converted mto the excrtatlon
g i 'energy (effectlve mass) of produced clusters For srmulatron of cluster mass wc adoptcd

" mental. data [1 2] .on zp, and p e "The :rp “and p I depcndcuclcs are mtegrat( (1 over thei =
,’reglons 0<zy <1y ‘where = 2p1 /s, and 0 <z < 1; rcspcctlvely SRR

L j'fmagmtude of the asymmetry of positive pions starts to' grow practlcally from 5 ~ 0. :
Although there is. no z'p-dependence of A, included in-(4), our calculatrons rcsult’

" tious are the followmg Primarily, the asymmetry is' asslgn(‘d only to thie leadmg liadron. -
'Second= rank (sublcadmg) and other secondarles are dlstrlhuted in th(' avcrag(‘ symine t-

:‘«rlcally n azunuth angles w1th takmg mto acc ount cnel rgv-mom(‘ntum (onservatron law ;
“.~Abundant meson production in central rogron (0<zr<0. 1) (hlutos the asymmetry gomg'

. ’,iwhere al, az and v are. ad_]ustable parameters If M less than ,1 GcV we put'M. = m,,‘ ; ‘
MMk in correspondence with their relative welghts In th1s paper we ncglect clustcrf’ :
productron because the, colhsron energy “under consrderatron»ls relat1vely low: to: produce" :

‘thisT range the bchavrour of the asymmotry is substantially- mﬂucucod by rcsonances First,

‘.jpa.rmg the results of srmulatron of plon : (
i wrth data 1n lmde ra.nge of colhsron energ)s The' ema.lnder of c.m ;

e conservatlon laws, Colhdmg nucleons can transform mto nucleons and A= 1sobars For o

parameters in (4) were ad_]usted by comparmg the. results of smlulatmn wrth expcrnnental ¥ e
“data of BNL at'13 - GeV..The. values ‘of parameter ao are glven in Table 2 and a,' =0.75,

Flgures 1 3 5 show the srmulatlon results for asymmetry AN conrpared w1th (xpcrl- i

One can see that the behavrour of asymmetrles mcasurcd at,BNL'is drffcront for T o
and 7¥- mesons at the range Ty < 0.5 negatrve pion asymmietry. is near zero. whcrvas tho o

in zp- dependenoe of final asymumietry. ‘The sources of this dopcudcnce in our ¢alc ula-

from the leadmg hadron ‘with low zp. ~In the range 0.1 < rp < 0.5 th( multlph( 1tv of o
’cmrtted hadrons decreases, s0°the asynunetrv ‘given by direet lcadmg prons ing roas(-s In

e -:the asymmetry of pions resultmg from decay’ of leadmg véctor mesons and A rcsouan(‘cs o
O is small due to 1ntegrat10n over dccay angles, although thc v'du(‘ of asVnuu( try par«uneters A
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Flgure 1

8 GeV Experlmental data a.re ta.ken from [2]
A and p_L at E = 13 GcV Experlmental data a.rc ta.ken from :

and. pJ_ at E

Vfor deltas are la.rge (see Table 2).i econd the subleadrng pion’ accompanylng the 1ead1ng .
A—resonance and not’ a551gned mput asymmetry is dlstrlbuted asymmetncally in az1muth
angle due to 1ocal transverse momentum conservatlon law Indeed, Iet us to a.nalyze l‘p— :
depcnden e of negatrve pions at 13 GeV (F1g 1) Accordmg to our results zero value of -
negatlve pions asymmetry . in the C. 1 < zp < 0.5 range can be explamed by the substan— :
tial contrlbutlon ‘of channels’ w1th leadlng A—resona.nce accompa.nled by: subleadmg plont; '
.in the forward hermsphere (Flg 2a) Due to loca.l 00mpensat10n of tra.nsverse momentum
_the subleadmg negatlve plon gets the asymmetry the magmtude of wh.lch is the same. as’
for A-isobar and the sign is oppos1te to that .one- of delta. :Since; the channels with At
'a.nd A+—1soba.rs ‘give maximal contrlbutlon to the melastxc cross sectlon (see Talle 1):we.!
‘observe the pos1t1ve asymmetry of ﬁnal negatlve pxons produced l.n these cha.n.nels This
,posmve asymmetry is compensated by the’ negatlve asymmetry g'lven by channels w1th i
d1rect 1ead1ng \negatwe pions’ (Flgs 2h and 2c). : : . :
; As regards to transverse momentum dependence of asymmetry, BNL data show that'
vlt“ is Tather; weak and near zero, at least .up to pr =1.0 (F1g 1), Sma]l magmtude of
‘resultmg asymmetry at low: tra.nsverse momenta whlle lntegrated over Ip.is. explamed,
again. by abundant productlon of ‘mesons: with- low tra.nsverse momenta which" dilutes

the’ asymmetry given’ by the: leadmg hadron At hlgh values of tra.nsverse momenta the .
‘accuracy of our calculations is poor. because of large statistical errors ‘however our results
‘mdxcate the 1ncreas1ng asymmetry w1th p 1 for'py > 1.0 GeV/e:. ~ ,
Asymmetnes at ‘Eryp =18 GeV': are shown in Flgum 3.’ The results are in‘a good
~agreement with the data [2] Some, dxscrepa.ncy is observed for pi— dependence of Tt
., meson asymmetry for ; P 1 <L 0 - Figure 4 shows the zp— and p, 1 dependences for pion .
"asymmetnes at B = 40 GeV The expenment ‘at this | energy is m progress m Protvmo i
‘-’,[14 " The zp— ' - fi

i ‘pp—>A1rx

o Flgurc 2 Dcpcnd(,n' of pion asymmetry of the pT +p i +KX process on.zp ‘at:
By = 13 GeV. a),. b) are contrlbutlons of: channels with pion: a.ccompamed the. leadmg
I A 1sobar, w1th d.lr(,ct productlon and c) is total contrlbutlo ) respcctlvel
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is rather closo at ELab -—’ 200" GcV (Flg ‘:5) We can say that the dlfference in :cp,“
5 bvhavmur of a_synnnvtry for P and 77~ :mesons_decrcases w1th the, increase: of collision .
“cenergy. This is . corisequence of the fact that the (‘ontrlbutlon of channels with' two dlre( s
xsveondan(‘s in ‘the forward hennsphere (leadlng delta ac cornpalncd by pion) decreases N
‘with- increasing collision cnergv V5. Tra.nswerse morncnturn dependence of asynmmtnes"-ﬁ ‘
: be(‘omt‘s substantlal at’ p l > 1 GeV/r : s

Conclusmns
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Dsnlg ha(lrorn( G
l’ll(‘*d/llllul'lL dsynnnctry of ine lusive ; pl()IlS e snlglc spin ploton proton (olhswns was’
lIIluldl’(‘(l “The Ty dlld P d(‘p(‘nd(‘m‘n‘s of’ asvnnnctrv in. tho pip =" W*OX prouss ‘

ont g(‘n(‘rator l)asod on ln enlsstlalllung approd(h on a had1 on l(‘v g g

at’ E,,a;, ,; 13,18, 4() 200 GeV- have b(‘en pbta.ln(d VV(‘ (alt‘ulated snlglo spin| asvnun(‘tr\ S
2 of 1n(‘luslve plons in: pr (01h51on€ assunnng that the a.svnnn(‘trv of thoilcadnlg hadronl, 3
s’ 1nd(‘ ('nd('nt on' Tp a.nd d(*p(‘ndent on pyi ()m IOsultG arc.in’ rood dgr(‘elnont with
'xpvlnnvntal data (BNL Fer nnlab) Th(‘ V(‘I‘lfl(‘atl()ll ()f the pr(‘dn‘tvd the TP \-‘~‘~(1nd pree
}d(‘p(‘nd(‘ne , of the. asymunetry, at’ E,A,;, =40 G('V is possible.i in Pr()tvnlo (lHEP)r dnd“
“ivery, unporta.nt both to’ d(‘velop rho sinr uldtlon (od(‘ a.nd ol)taln a, now‘ lllf()rllldtl()ll on
olarwahon In(‘(‘hamsnl in tho pr0( css. e : SO T
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s 1nﬂu('n(‘<‘d by the followulg fa(‘tors' abundant paltn‘le pmdm tlon i ((‘lltldl re glon
r(‘sona.n( ¢ produ(‘hon in nlt(‘rnl(‘dmtc r(‘glon' and cnergy- nlonwntunl (oneervatmn Lm
W(‘ found that the b(‘havmur of x ‘dep(‘nd(‘n( ics for m Mand TI’ ‘
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Flgure 5 Dependence of left-nght asymmetry of the pT + p — 7r ° + X process 011 IF ol o
[ a.nd pl at E' = 200 GeV Expernnental data are ta.ken from [1] ST L
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Musulmanbekov G. J Tokarev M. V 5 ,
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p T p = 7r0X process at E

Usmg hadromc event generator based on bremsstrahlung approach on hadron
level, the left- -right: asymmetry of: mclusxve pions in single - spm proton proton

‘colhsnons was’ 51mulated The xF and pl-dependenues of’ asymmetry for’ ‘the - :

b= 13 I8 40 and 200 GeV have been obtamed

*Analysrs of simulated events has been performed and " it has been found that

A—resonances play an lmportant role in the behawour of plon asymmetry Some
predlctlons for pion asymmetry are glven for hlgh r and Py reglon

The‘ investigationhas been performed at the Laboratory of Hivgh Energies, J iNR.\
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