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• I 

·1 Introduction 

Inclusive pion asymmetry' AN in single spin pjp ~ 7r±,O X processha~ been studied 
at 2_Q0 Ge Vin J:'ermilab (E-70,4 c9llaboration) [l]and a.t 13 and.18 Gef in BNt° [2]. :They 
found out that the asyrrunetry was small at low_ XF and P.L and reached~ 40 % at high XF, 

. . . \ .,,, . . . . . 
,·and P.L•. The sign of 11:s~etry stronglycorreliites_with the_ sign·of produced pion .• The 

; conclusion was made that the effects could not be explained in the frame of perturbative, 
QCD. To explairi the results some authors .took into account high twist co·rrections [3] or 
used nonperturb'ative mechanisms [4, 5]. · · :: · · ' , ' : , · 

· · . Compari~on of Fermilab and BNL data shows that the ~ymmetry behaviour depends 
. . . . . . . . , .. . . I 

, on the collision energy. A few .models have been elaborated for the description of pion · 
asymmetries ovserved in E-704 experiment [6, )]. Since they were bas¢d on a:nalytical' 

· calculations they could not take into account kiµematical. effects which are, from' our 
· point of.view, very imp~rtant; particularly, at BNL and lower energies.'·-,. , · . · 

So the purpose of this paper is to estimate'the role of kinemati~'.31 effects1and inter:- 1 
mediate particle production on the.behaviour of inclusive pion asynimetry. The article . 

, is organized' as follows. Section 2 gives a description of hadronic generator. for unpo-;-
.. , larized proton-proton collisions based on bremsstrahlung model and.of the asymmetry 

~iniulation procedure. Comparison with experimental data and.1their analysis are given 
· in Section 3. Section 4 contains the summary of results ·and conclusions .. - .- . . 

' ' 1_ • ' ,, \ 

2, Simula~iori o( Left - Right . Pion_ Asyrnrnetry 
,, ,! ' 

' ·. ·we sha.11 conside~ the inelastic scattering of polarized proton off unpolarized one in the 
fr~gmentation range of incoming.particle.· Azimuth asyrmnetry of-the proce~s'is defined 

,. ~ . ' . \ 

as 

\ . ., '1n~:r~:i=A(e).pB_c<is(~)'. .· . (1) 

where uf(l) i~ aninclusiv~ cross _section of pion pr~duced by proton with_ spin directed u'p 
(down:)· relative to its' mo~entum and orthogonal to sc~ttering plane, 0 and.~ are. ~enith • 
_and 'azimut(angles, A(B}is an analyzing power and_PB is pofuization oLthe beani: 
Positive asymmetry for upward polarization of.the beam means.that pionstend to go to 

/ the left, .The asyuu'netry An measured it azinmth angles ~ = q' and cp::: 7r depends on 
xF·= 2pi/..;/s, where PL is the pion)9ngitudinal momentum iri_the cm system, ..;/sis th,, 
total cm energy, and transverse momentum P.L: . . . . 

' :· .. ' . . ., ' ,, , ' ., , ... ,' \ 

·' Ai'·( ·• . ) , u(xF, P.L, 0) :-;-·_ u(xp; P.L, 7r) ( ) 
n.n XF,P.L = ( . , · ) ( . , ) ~ . 

. ·,,,. • :.•, CT XF,P.L,o +u XF)P.L,11' ' ', .. · .. 
. ·we simula:ted ·inclusi~e pion 'asymmetry in polarized· proton-proton interactions ~ing 

theJoilowing assumptions: 1) Secondaries are,direct pions, nucleons.and resonances (p's; 
w-mesons and :.::~Asobai-s). The latter decay' into final particles> 2) Only the secondary 

·· with ~mal longitudinal momentum· (first- 'rank or leading hadron) can be' radiated 
asynimet:dcally: 3) Asymmeti-ies'ofleading hadrons don't depend on'xF (their values for 
diff~rent hadrons are adjusted by comparing the results of simulation with experimental 

". t ' . . " . ' ' ~ ' . 



, . , 

data) .. 4) Signs of asymrn~try for them ~e. defin~d · i~ acco~daJce to ~ymmetry. sign 'rule 
(8,9]. 5) Trans~erse niomentumdependence of asymmetry is chosen in the form . 

f(P.L)=(a1(l~a2P.i.)2~a3) . , . .(3) 

• Therefor~, the asymmetry of leading 'hadron is defuied as 

·1 
l 

A~~d = ao · f (p~); ·' (4) 

where ao, a1, a2 , ~ 3 are adjust~ble parameters. The p~ram~~ri:mtio~ ~lmvsone t~ Uescrihc 
th~ experimental data both for xp- and P.L-dependencie~. Note here that the ccmtriln.ition 
~f particle p;odu~tion °with P.L ~ 0 is kirie,matica:lly suppressed. . . ·. . · , . 

For . simulation · of inelastic proton-proton collisions'. we used elaborated · by, one of 
the. authors ( d .M.) the inodel based on bremsstahlung approach [1 OJ. Accordii:1g: to the,. 
bremsstrahlung analogy the multiparticle production in hadionic interactions is consid
ered·_~ 'a result of emission of stable mesons, mesonic rc~orianl::e~ .and ir'itermediateobjric;ts. ' ' 

., with non~fixed masses; clusters: C~nsidering quasiclassically, the coUisi~n of t~o extended'. ' 
. hri.drons one can ~ay th~t the. collisi~n' impact parameter is' randomly dist~ibuted in such a ' ' 

way that orily portio~. of their, energies are' involved .int~ multi particle pr~ductio~. , Impact . · 
pararnete; distribution is 7in close relati~n with 'iio tailed inelasticity distribution. On th~/ 

· first' step the en'ergy portion available for production of ~econdaries W = EE/= kJs is 
I .• evaluated, whereE; is the eU:ergy ofi - th produced p~icle ; k is in:elasticity: Fluctuations': 

' ' ' of the inelasticity froi:n event to eventleads to. th~. di~tribution P( k ):.It has been shown 
in,the paper [ll]t~t one may fit th~ in~lastic}tY. ,distrib~ti~nwith-bet~ distr,itution ' 

,: . , .· . •, - - , , .-- . . :c.' ,. ', ·_) ... ' : ./. v'. , .. -· · . .::\:. . ~ . - .. , . .; -, 

P(k s) = ka-l (1 ...i.'Tit-1 I B(a b) > (5) 
( • '·. :. :., • ', "' i . ' -~ ) '·', • I. \ l --,_ ... '! .. ' ·,· ' . .':,···: i, ' ·;·' ' :>, : :- .) " - '' '<,_ ' 

where a and bare adjustable parameters; B_-': beta-:function: {Jp to theJSR energies one 
'.can' neglect its. s -: dep~ndence. _. ' I I . ·' . . • 

' On 'the second ~tep the , masses of secondaries are defined. ' At . ;~ry high energies 
considerable amount of kin~tic energy of colliding hadrons is. converted hlto the excitation·; . 
energy (effective mass)'.of produced chist~rs. For ;irrmlation' of cluster mass,we adopted 

· .the result; of Chou Kuang-Chao and coauthors [12]: Taking into account 'general statistical· 
co'nsiderati@s they derived ma.s~ spectra of emitted clusters: ' ,,, . · '· · .. ',. 
~ • • • ' • • l ' ,•. < ' ' ' • ' , • .• • 

I 
P(M),;, cMexp( 

'' < M ;:,;,: ~I+ a;sv;;. 
·, ' . ' - ' '', \ ' ' .. -· . ·, ' ' ' \ 

where a1, a2 and ii are adjU:Sta.ble pararrieters .. ·If Mless than 1,GcV WC put M =:m,r 
,mp ,mK in ·corresponde~~e !fith their relative w~ights'. I~, this paper we neglect clu~t~r" 
p_roductiori b~caus'A ~he, collision energy _unde.r cons_ideratfon. is I relatively_· lo~ tci. produce .. 
these objects: ... ' . .. . , , , . '·:<·· , .. -' · ·. .,,-·. ,,.i . . 

J5inem,atics of radiated. particle~ and. clust~rs correspo~ds to kinem'.atics o( :cylindr}<;al ~ 
phase space model.. Parameters of cylindrical phase space model are.adjusted•hy. imn
paring. the. 'result; . ~f siriiulation • of pi~ri •. ;-:- : riucleori, arid; nucleon. nucleon inteta2'ti<>I~S. 

·. with data in \vide range of collision energy,, The'.;emainder br c.m;:,cncrgy, (1 '.:. k).fi. is 
, • \t • • ! , . , , , . , i.i,: '.. , . . , - , ,1· ~· • • ... , , • : ,;, ' -, .. l , . ,· _,. -: 

I 

f 

'\ I 

/ . . . ' 
distributed between remnants 'of interacting particles according to energy,- momentum'. 
conservation laws, Colliding nucleons can transform.int~ nucleo~s and t::. ~ isobars. For 
transition probabilities w~·used the results of OPE .:. inodel [13]: . . . 

. . 

Table 1. . Transition probabilities for particle· production in the p + p-4 h + X reaction 
. • . I_ :· ' ' ' . • 

P- '-+ P I P -> 'n I P '-+ ~ ++ I P :...... ~ +, p->_~-

0.167 I 0.311 I 0.274 • I U.143 0.0 

·-
' . ,, . /. -

3 Numerical· Results, and Analysis 
-· . ·'· .;of Experimental Data· · : 

. . . . .. •.. /. . ... · 
. We have generated-exclusive events for p-p collisions at 13, 18, 40 and 200 GeV . .The 
parameters _in ( 4) were adjusted by comparing the.results of simulation with experime~tal 1 

data of BNL at 13 GeV. The value.s of parameter a0 a'.re givcri in Table 2' and a1 = 0.75, 
· a

2 
= l(GeV/r.}'-1, a3 .= 0.25. ,· · · · · ,, · 

I\ \"' 

_\. 

. . .-. , . , ' I 

· Table 2: Input values and signs of asymmetry paran1cter ao.: 

\ 
\ 

' particle 
7r+ 
,,.o 

1r:- ' 
. .. 

ao particle 
+0.6 .p+ .· 

+0.2: P? ,, 

-0.6 p 
·,. w . 

ao parti~le· ao 
+0.13 ~-++,' -0.6 
+0.07 ~+ ·-0.6 

·. . l 

-0.13 ~o .+0.2 
) 

.., 

+0.13 1:::i.- +0.6 

'.· 

\• ,-';, _' > \ >, ; _,• •• / • ', r 

Figures 1; 3-5 show the simulation·results for asymhuitry" AN compared with expcri-
l mental.data [1:21 onxp an1 Jl.L'· The Xp,and P.L- deperidcncies are int_egrated over.the. 

regions O < x1 < 1, where x1 ,,;, 2p.L/ J's, and O < Xp < 1, respectively. . ' 
One can see that the behaviour of asymmetries,measurcd at.BNL: is different for,,.:... 

and,,.+_ mesons at the range Xp < 0.5: negati;e pion asymmetry_ is Iiear zero ~hercas the 
magnitude of the asymmetry_ of positive pions starts to grow practically from xp ~ 0. 
· Although th~re is. no Xp-dependence of An included in (4), our calculations result· 
in x~- dependence of final asymmetry .. The soi'!rces of this dependence· in our i:alculac 
tions are the following. Primariiy, the asyn1~nctry is-assigned only to the leading hadrcin. 
Seco~d~rank(subleading) and other secondaries are distributedill the average syminct
rically in azimuth. angles with taking into account energy-momentuin conservation 1;.~. 
Abundant mcion production in central region (0 < x,..·< 0.1) dilutes.the asymmetry going 

· from the leading hadron with low xp>ln the range,0.1 < 'x,; < 0.5 the multipllcity of 
~mitted hadrons de;:re~cs, so the asymmetry given by direct lc;ading pimis incre~-,ci's .. In 
'this range thehehavioirr of the asyi;unetry is substantially influenced hy resonm~ccs .. First, 

·. the asymmetry of pions resulting from decay of leadiri.g vector ~ncs~ns. and Li-resonance~ 
' is small due to integration over decay angles; aith6ugh the valucf of asymmetry p~nunctcrs .. . . . . ' ,·' , ' ~ . ' ., 
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\Figure 1: Dependence of left-right asymmetry, of the pj +.p .::-+ 7r±,O + x.process on Xr · 
anil'p1. at 'EP ~ i3GeV. Experlm~ntal data arc taken froII1
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Figure 2:· Dcpmdc~'J;) of pion asymmetry, of the '~j +v· ;-, 1r;-/X. protess ori,·x; ~t 
EP = 13 GeV. _a), h) are c~ntrilmtions ·of ch~~ls with pion 3:ccompanietl'thc.leadi~g · 
~)sohar, with direct p~oduc;tion and c) is totalcontrihution, respe·ctively. I' 
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· Figure 3: Depc~dencc of left-right asymmetry e>f th.c pj + p 7 7r±,o +·X process on xp 

and P.L at/Ep ~18 GeV. Experimental d.at!l, are taken from [2].' 
,, \ • ' ,., :' ,• •' ' ,(,,! ' . • ,! 

for deltas are large (~ee Tahle 2). Second, the subleading pion accompanyingth~ leading 
~-resonance. and not. assigned input asyminetry, is distributed. asymmetrically. in azimuth 
angle due to local tiansverse mom~nturri.conserv~tion .law. Indeed, let ustoanalyze ~r 
dep~nd~nce of negativ~ pions at 13 Ge V (Fig. i); A~co:rding to our r~sulfs zero. value of . 

I<' I , , ," • •', I f • ' , , , > '" / • ,t ,•'' 1 ', ,: • ' , ' ., > '' ( , < • 

neg a ti ye pions asymmetry in the O .1 < x F < 0,5 range can he explained hy the substan-
tial contribution· of chanrels with ieading A~resop.ance · acconipanied by· ~ubleading · pion 
in the forward hemisphere (Fig. 2a) .. Due to focal corripensati~n ~f transvers'e.momentum, 
the s~bleading negative pion gets' th~ a.s~etry the ni~gnitU:de o(which is the same as .• 

/ for ~-isohar arid the sign i~ opposite .to .th~t:oneof delta;' Since·,the charillels .w'ith ~ ++ ~. 
\' . 'and ~+~isobar~give maximal contrihuti()n to the'inelastic cross section (see Table'l)'w~ 

-observe the positiv~ asymmetry of final negative pions; produced in these ~annels .. This 
. positlv~ ~symmetry is ~ompensated by the, negative. Mymmetry giv~ · by channels. with 
direct leading.negative pions (Figs. 2b and 2c) .. : : •• .. · , . · . · .. ·.. · : ' ... 
' As regards to transver;e momentum dependence of asymmetry,' BNL data show that 

... it is rather w~~ and near zero, 'at
1

leruit, up.to P.1 = LO (Fig. 1)'. Small magnitude of. 
'res~lting asymmetry at .low transverse momenta ,while 1ntegrated over xpjs explaked 
again hy- abundant produ~tion of mesons· with low transverse ·mo:iiienta which dilutes . 

' the' asy~~try I given by the .leading hadron;' At high values of transverse momenta the 
· accuracy of our ·calculations is. poor. because. of large statistical error~, however our results 

t< i/ ''•' J ' •' • ( • • , '! C \, ' ,,.., 

_ , indicate the increasing asynim~try with P.1 for P.1 >1.0 GeV/ c. . . · . -·. .··•.· ' . - '.. 
. ,, · Asymmetries at ELab = 18 GeV are shown in Figure 3. _The results are in a good 
, ~greement with th~ data [2]:., Some.discrepancyis observed for p.1 - dependence ofi+-
meson asyriunetry for P.L < LO.· Figure 4 shows the Xy:-; and P.i:... dependences for pion 
~ctn.es at E ~ .= 40. GeV; •.The.experiment· at this energy is in progress in Protvino • 

- · .[14] .. The xp::- ·depei:idence of,the magnitudes of asymmet:ry,'for i+-,'. and 1r1:'--;- mesons; 

·v 

,: 
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is rather close at ELab = :2oo·GcV (Fig. 5). We can say that the differei1ce in Xp 

behaviour pf asymmetry for 71+.:.. and 1r--.mesons decreases ~iththe.increase-of collision 
energy .. This is a c:orisequenc:c of the fact that the contril;ution of channels_ with· t~-6 direi:t 
second~ries in :the forward hemisph~re (leading delta· iiccompanied hy pion) decrease's .' 
with·incri)aslng collision end·gy · v1s. ~_Transverse mome~tuni depend~nce of asymmetries·•. 
bei:omt)S _suhstantial at pJ'. > 1 GeV / ('.. '. . . ' . . . . 

•'· 
-- r4· Conclusions 
\ . ·' ,_,.\; I'._ .' ·'{°' ., . ' '· ' ', ' ( / ' ' \ . . ;-. . ~; :·,°,· ,: '\ ' J·; 
. Using haclronic event generator based on bremsstrahlung approach on a hadron lewl; 

'the• ;1zimutl1 asynimetry of indusiv<; pio;lS in single spi~l proton~protml (;ollisio1;s 'wlG .. 
"sili1ulated; The X

0

/· ari<l JIJ. depe1iclencies of'asyrmnetry in tli~) pjp ;.c_.; ir±,ox process . 
at ;E,,,,1, ,;; 1:i, 18, 40,200 GcV haV() heel~ phtalne<l. We calculated sir1glci spin: aS\'IllIUctrv 

· · · of inclusive pio~1s in pj11 collisions assumirig that the asynnnetry of the leading had~oi1 . 
is in;l<)peride11t on·. X F ; and clcpcnilcnt on Of, l. · Our results ar~ _ir.1 go

0

od agr~~im1ent , with · 
, expei-iri1cntal data (BNL, FermHab). Thci verificatiori of the predic:tcd tlu! X

1

F · and Pi" 
' dc)p()I1de~1cil;S _of thl; as_ymmetry at B1,ab = 40 Gi,v i~ possible.in Protvinc> (IHEP) illld 
very importar1t. both t<> clevdop· the· simuliition· mdc iu'1d ohtain a 1w1,: information ·on 

.. polarization Ull)d
1
H~fism inthi: procc~s. · ·_. _ . . · , _ . •. , .. ·. ' 1 \ • • ' 

··. . The analysis pcirforiried shows }hat the· behaviour of Xp clcpc:nde1H·e of asvmmetrv 
i~ inHui,n~ed hy. the. follo~ing factors: • abundant . particle pro auction . in . central ' region\ 
rcS()Il~l/(; pr~duction I in intermediate region.• ,arid . cnc1:gy ~ inon{c1itum mnsc•rni t ion : law. 
We found _th~t the l1chaviour of :r:,.,:~depcnd()Ii'c:ies for 7r+t: and 7r:.. . nicsoi1.·aS_\'Illilll'try 
. ()X(:ept for, sign hec~mes · the s'.111~e with_ the_ ii1ci-~ase of colliding energy, 

·.1 
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. Mo)le;-;Hpos·am1e O)lllOCnilllOBOii aCIIM~eTplllt peaKUm.l p t p -+ 7t±,Ox . 

Tipose)leHo MO)lem1posm111e. neso-npasoii · OJlHocm111osoii acm1MeTp1111 po)K
Jlelllut 11110!1OB B npOTOll-rtpOTOllllbIX BJallMO]leiicrnmtx·-a)lpOilllblM re11epaTopm1, 
pa3pa6ornmthIM 11a ·cic1mse MeTOJla . TopMm11oro 11my4e111rn. Tiony'lellbI ·, xF- ·11 

P..1.-JaBIICllMOCTll acmtMeTpllll peaKUHII p t 'p. ➔ n±·0x 111)11 :mepnm 11aneT;101uero 

npOTOl~a £Lab = 13, I 8, 40 ll 200 f::JB. TipoBe)lell a11am13 IIOJIY'!ellllblX co6h1rnii II 

IlOKaJauo, '!TO pm1mem11! ~-mo6ap 3aMeTII~ snmteT m(-nose]le1111~ acl1MMeTp1111: 
C]lenallbl npeJlCKaJmlll~ ,urrn IlllOIIIIOii aCIIMMeTpllll B o6naCTII 6onbWIIX X F II pl." 

• -, - • \ 'c S ' 

Pa6orn Bbmon11e11a B Jla6oparnp11usb1CoK11x 311f:pmii OH5H1. 

npenpllllT Q(n,e)UIIICIIIIOfO IIIICTIITyia llJleplll,IX IICCJleJlOBallllii. ,lly611a: J 995_ 

/· 

' . i 
Musulmanbekov G.J., Tokarev M.V. E2-95-512 

Simulationof Single Spin Asymmetry ,in the p t p ➔ n±.ox Reaction 

. Using hadronic event generator based on bremsstrahlung approach on hadron 
level, the left-right asymmetry of inclUS!Ve pions in .single spin proton-proton 
collisions was simulated. The_ xF- and p ..!.-dependencies of asymmetry' for the 

pt p -+n±•0x process ~t £Lab= 13, i's, 40 a!]d :200 GeV have been obtained. 

Analysis of simulated events has been performed and it has _been found that 
~~resonances play an important role in· the behaviour of pion >asymn1etry. Some 
predictions for pion asymmetry are given for high xF and P..1. region. · 

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