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'_ lx}s Alanlos Nati{}nal l,aboratory, l,os Alal_{}s, NM 87545, USA

I, Mi('lliga,ll State titliversity, l,;ast l,ansing, MI 48824, lISA

1. INTRODUCTION

l_lose-l,',itlst(,ill('{}rr{,latiotlt'tllt('tioils whi('h a.r(, ill good agr('('ttl('lit wit,ll l)ion data [I, 2]
can I)(' ('a,lculat(:'d h'onl ;ul ew'l_t g('tler'm)r [3]. ll('w piotl +_tl(l(pr(,lilltitlary) kaotl data
from C,EI/N eXl>('rilll('lll.NA,i4 [2, ,i, 5] at(' ('otlll)ar('(l to the ('alculati()11s. 'l'lw (lyllatlli<'s ()f
200 (+eV/t,ttcleot, :_+S+ l)l) ('ollisi<)tts +_r_'(' ('ah'_llat<'d, witl_out (:(>rr,,latio_s <lu(' to int<'rt'_'r-
en('(' patients of a tna,lly-I)()(ly wav('l'ttt_(:tion for i(h't_tical i)artich's, ttsing the ll('la,tivisti('
()uantun_ Molecular 1)yt_at_li('s t_lo(M (RQMI))[6]. 'I'lw trio(h,! is t_se(I to getwral,<' th<'
I)has('-sl)ac(' ('oor(iitlat('s of the (,_t_itt(,(Il_a(lrotls a,t tlw t,it_(, tiwy suffer th(,ir last stro_lg
itlt(,racti()n ([r('('z('-o_it). llsit_g tlw fr('('zeout p(,sitiot_ at_d _l_(n_wt_i.u_l_of pairs of rml-
(lot_lly seh_('t('(I i(l(,I_ti('al l)articl('s, a. two-l)artich, sy_tlttwtriz('(! waw'-t'utlctiot_ is (,a/('ttlat('(I
a t_(I used to ad(I two-body corr<,latiot_s, l)etails of tlw t,'('hni(itw l_ave I)e('n ,l,,s,'ril)(,(I
previo_My [3]. 'l'he n_etho(! is sit_lila,r to that used in tl_(' Spa('(,r prograt_l [7].

2. RESULTS AND DISCUSSION

Fig. la (,o_t_imrestile cal('t_lat(,(l correlatio_ [u_('tio_ [or 7r+ pairs to ilie NA,/,I [8] data.
'I'll(' ('orr(,latiotl t'un('ti()_s vs. th(, _agnitu(l(' of tl_<, l'our-_t_otlw_tt_l (lith'retl(:(' (qm,, =
v/--q-Fqq)at(, sl_ow_, lt_ fig. 1 a t_d i_ tlw figt_rt,s wlli(:l_ fl)liow, tl_(, ('alct_lat('(i corr_,latiot_
t'ltt_(,tions use ottly parti('h,s witlli_l +t t_l()(l,,i of tl_(, NA44 a(,('('l)ta,t_c(' [2, 8] in tl_<, low
tra_sw, rs(, tt_()t_wl_tunl (PT) sl)('('trol_ltq,er setti_g, l"or l)iOl_S,tl_is re(luir(,s ffl' '_ ().,t(l('V

at_(l 3. l < y < ,l.l, wlwr<, y is 1,11('la/)oratory ral)i,lity. Ig)r ka.ot_s, tlw a('(,(,l)ta_(,("is i_
tl_e rang(' p,r < 0.6(l(,V art(! y _ 3. 'l'he goo(I agr(',,t_('_t gives t_s s()_tl('('ot_[i(h'_('(' is tl_(,
techt_ique mid i_ tl_e details of tlw _tiodel w]_ic]_infl_e_ce the sisal)(' of tl_e correlatiot_

Wlwt_ t_...+inga,_t('v(,t_t g('twrator to ca+l('t_lale('()rr(,latiot_ l'_t_('ti(+_s,w<,('++u_exa+_i_<' _()t
ot_ly tl_(' ('orr<,la.tio_ l'_i_('tiot_s, l)t_t tlw l)ositio_ (listril)t_tio_s of l,lw l)arti('h's wl,i('ll giv,,
rise t() tlw corr(,latiotl l'ut1('ti()l_. "l'iw rlllS val_l(' ()l' t,l_et.ral_sw'rs(, l)()siti()tl (l+'v,) li)t' l)it)llS

('I,92±.02 I'_I) itl th(' NAd,l a('C('l)tatl('(' is sig_liii('at_tly larger tllatl tlw ('(,rr(,,'.+l)Ot_(li_gval_l(,

*SUl)l)OPted l)y tlw it,++";,l)['l+artlllelli+ of Ellergy t|llder (+of|tracts W-3 I-109+I,;N(;-:lS all(i W-7,I()5+F,N( ;.-:ili
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Figure 1. a) (?,<mllmrison of i)ioli correlation functions ca,l<'illat<'d I'ro,il RQMI) with the
NA44 data. for 200 (',<,V/,z S+Pb collisions, b) Coznl:,arison ot' l_ion correlatioJl functiolls

calculated wi(,tl all I,i(,lls (from I{QMI)) and correlal, ion filzlctions o))li(,(,ing l,io)ls from 1)
.q0,7/, a,lld 2) _/°, q', w ,leca.V. A calculated K + correlation func(,ioll is also shown.

fox' K + (4.06_.0G t'ixl), wlwre the uncertainties are sl,atistical and tile rlxxs wdues use only

particl¢,s with 1_,,• < 20 t'ill; sllch a difference is a,lso seen ill the ([a,l,a [4].

]{esonmxces ir_it,lenc_' I1_¢' l_'l' disl, ribul, ions and haw, ii_lt)orl,alxl, ¢'[[ecl,s oxx correlation

fuxlctions, esl)ecially for pions [9]. A resonance importalJt for i,]l_, sllal)¢, of the pion cox'-

relation fu_('tion is t,l_e w(783), which produces about 1,t% of all ¢'t_arged pions with

2 < .q < ,1 i_l IIQMI). Witt_ a, long lifetime (P = 8.43 MeV) co_llmred to l,}_e iit'eti_m

of the 1)artici( , source, il, contrilmtes to a narrower and sharl,¢'r peak i_ the corr¢,lation

fu_ction. Abo_lt 13% of l,i_e piox_s in IIQMD with 2 < y < 4 co_xw fron_ _l° and _/' decay,

whose widl, hs (1.19 keV al_d 0.2 MeV, respecl, iw'ly)produce co_xpotw_x_l,s of lhe correla-

tion funct,iox_ too narrow to _xwa,sure. The result is a x'e{lucl,ion in i,lw intex'Cel)t (,\) of

the m,,ast_red correlal, io_ t'ux_cl,ion. l"or rr+ i_l tlw NA44 a,ccel)l, ajlc_' (low PT) the contri-

bul, ion fz'o_ t,]xew(783) i_lcr_'ases I,o 20% and the q0 + q, cox_l,ril)ul, ionl increases to 21%.

For kaons, t,}_("n_ost i_ll)OZ'lant Iong-liw_d resonance is l.]le K'(8!)2), l_ow_,w'r its widi, h

(1' = 50 Me'V) is x_xoreclosely n_at,cl_ed I,o the widl, hs ot" l,i_e kn.o_ corrda.l, io_l functions.

In addition, al_o_t 3% of h"+ in IIQMI) wit, l_ 2 < fl < ,1 come t'rol_l the ¢(1020) (i'= ,1.,t
MeV) deca3 .... ixxcx'easing to 4% in the NA,I,t accet)taxlce. Fig. 2 sl_ows tl_<' resonance

contribul, iol_s Io the correlation functions as a functiox_ of l"r. _['lle fi'actioxx of l)ions fx'o_x
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l"igur¢' 2. l"ro_x_200 (',eV/_ S+I'I) collisiox_s i_, IIQMI): 'l'l,' fraction _,fa"+ i_ the region
2 < fl < 't fi'o_x_w(783) a,x_{ll,l_, fx'acl,ionl I'ron_ q0 + ,q, {h,cay as a funcl, iox_of pr (h,fl,). ()x_

l,lie rigl_l,, l,he t'racl,io_ of h '+ froxn 4'(1020) decay.



resolla,nce d¢'cays (lroF,S rapidly with iricr¢'a.sinp.;Pr. 'i'1.. r_'_(Jzlall('(','¢,r_lri),_zti_,_Ji,_1_lich
I¢'ssfor K + I)ointillg out oI.' a(lv;mtage ot' kaon corr('la,l,i¢)zlt'_lllCl,iC;ll,_[9].

Figure lb sllow,_ tile' influenc(' of these r¢'sonanc¢.s oil tll(. ca l_'lllat¢.(I ¢'orr¢,latioll func-

tions. Wllen the' colltrilmtious from resollanc¢, decays ar(' r(,li_ov_'(I(oi;_.i_ ,_q_ar('s), t,l_e

tri_:mgle,_)red_lc¢,sthe i_i,¢wC¢,l)taJ_d decreases i,h(_wi¢lth of tl_(' ('orr¢,lali¢)_ t'_('tion col

r¢,sl)oncling to a lart4('r al)i)ar('nt so_rce. Including l)io_,_fr¢,ll_q a_(i q_(l(.cay (solid circles)

(l('(,ays i_cl_(t('(1, is ('o_t_ar(.(l t() th(' (lata i_ [igur(, la. l"()r ('()I_l)ari,_()_, ti_, calc_lat('(l
K + ('orr(.latio_ t'lll_('ti(._ (,soli(t l,riangl(.s) is also st.)wn. It l_a,_a_ i_ll('r('('l)t n('ar 2 aJ_d
i;_signiti('a_,tly wi(l('r (s_a, lh,r sombre(,)than any ()f tim l)io_ ('orr_,l;,li()I_flln('tions. This is
('Xl)('(,t('(lsi_('(, tl_(' 1,:4 st)_r_'(, is s_nall(.r i,ha_ th(, l)i()_ ,s¢)_r('_,.

li'i_;. :1 ('ol_l)ar('s ¢'(,rr('latiol_ functions cal('ulat(.(! fr()_ I¢Q,MI) fl)r K a_d /x"+ in the
NA44 ac('('l)la_('(' 1¢_tl_(. i)r(,li_i_a, ry NA,I,1 (lata [,I, 5], '1'1_(,a_4r('('l_l('lilis _(_l,a,s good
a,s f()r I)io_s. 'i't_(' ('al(:_lat(,(l ('(_rr(4atioxl fi_(:l, io_s are _i_;_liti¢'a_lly wi_l¢'r il_a_ t,l_("data,
t,l_(,r(.for(,tile al)l)ar(,_t size ()f t,h('kaon sour('(, is la,rg('r ill tl_(' (lat a l l_a_li_lill(. ('al¢,ulatio.s.
'i'h(, (li._a_r('¢'_l_¢._ltis ,_i_ilar for I)otl_ kaon ('t_arg(,,_, If tl_(, ,_iz(, _litt','r(,l_c(',_(I)('twe(.u _
and A"_) w('r(' ('_lir,'lv ¢1_' t()_litf(,r¢'nc(;'s i_ r('._('at,i('ri_u_;_'I'.,_,__'_'li()_,_. 1,1_¢'_K + wo_ld
r¢;tl(,(:ta s_ualh'r ,_iz(' l ha,_ l)i()_,_ a,'; is ol)s(.rv(._l, l"¢)r K I1., _.Xl)(.('tati()_,_at(. not so
,_trait41_tt'orwar(l. l,ik(' k '_ , tl,('ir r('s(:att(,ring cr()._s,_,_'l,i()_switl_ ¢_ll_(,r_(,son,_ at(' s_uail¢_r
l,l_an f()r t)i()_,_, ll()w(,v(.r, I,l.,ir rescat,t(.ring (;ro,_s._(,¢'I,io_,_()_ _)_'1_,¢._,_are larger than the i

t'N _'ross s(,('ti(._s, l)itl'(,r_,_(,usi_ 1,1_,_ea,sur_'_t K + aJ_d k ......,s()_r('(._iz_'s at(, ('Xl)e('t(.d if
a siguilicm_t frm:'li¢)l_()f ti_(, r_.s('att_.ri_g is frown _('l(,(._,s ratl_(,r llla_ l_(,s()us. In bol,h

Fig. 4 c¢._l)ar(',_ 11.' _.'an_ar_,¢l au(t (;al('_iat_,(I /C_ ('orr¢'lali¢)_ f_l¢'l,i(._ [,1, 5] i_ _uor¢..
detail. In tl_i,_¢'a,_¢.tl.. ('orr('lati()_ fun('l,io_ is I)rok_,_ i_t,¢_11_r¢,¢.¢'()_t)o_l¢.ut,s [10, Ill,
(i('tin(,d r('lativ_, i_) ih(, (lir(,(:l,i(_ ()f i,h(. av[,ra_(. ,_(._¢'l_t_ _t"a pair of l)arl,i_'h.s with
_¢)n.,_ta 1._;a_l(l li_, (/' ::,-(lh-t p.,_)/2) i_ a r_,fi,ru_('(,fra_.' wl_('n. 1,1_,av(.rag_, l(._gitu(liual

'1'1_(,('()_ll)(._('l_t()f tile l_o_(.l_l,_l_ (liit'(,r¢,_w(,(fi' = I_- P_) al()_le,/; i,sqr,,,,_; l.I](,(,o_il)O_(,nt
al¢)_; tl.' 1),.a_ axis is q_,,,.,,,;l i_,' tl_ird ('On_l,O_(,_t(q'r..,t,) i,_ l),'rl_'ll,li,'_llar l,o lh,. tirst

, 1 -_ " "'""'1 ""' v "_
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I,'i_. :_, K (l_.t't)aI_(l K _ (ri_i_t,)(,()rr_,latio_ ft_('t,i_)_s_'al_'_lat,_._lI'r_)_ I_QMI)_'o_l)ar_'_l
1_ I)r_'lil_li_larvNA.I,! _iata for 200 (;_'V/_ S-t I_1)('()llisi_l_;_,
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l"i#;nr(' 4. l"or 2()0 (;('V/u S+l)l), t,hr(:(' co)nponents of h"+ (right) corr(:latio)l fl)nctions
('al('111_((,(li'r()lll I{QMI) (:o=)ll)ar(,d(o l)r('limi))ary NA44 data.

two. 1)1lip;. ,I, earl) rol))l)O_ie)il,of the correlathm futlct,ion is (h,tilled I)y I)lottillg _)'while
re(fulfill A ill(' =llap;llil,ud(' O1"the oi,her two ('Olnl)On(,nts (,o I)(, h,ss l,llan 40 M,'V/c. Tlw
disa_r(,(,l_l_,)_(l)(,l,w(,(,=_th(, (:ah'ulat(,(l a,)l(i )n('as_Ir(,d ('orrelatio)l fu)wl,ions is al)out tlw
sa)_w i)l all (lir(,('(,i()))_.

3. CONC',I,I}SiONS

'i I_('l)r('(li('t('(l (:()rr(,lati()l) fl_n(:tio)),_f(,,)l' l)iOn pairs are re))_a)'kal)ly co))sistent with ex-
l)(,ri)_(,))t, l"()r l{ao)ll)airs, (,l)('agree)nent with i,h(' da,l,a is )_()tas _ood. llow(,v(,r, l)otl) the
('a,l('_)lal,i())),_a))(l th(, (lata sl)ow kaon sour('(, siz(._ wl)i('h at(, s))_dler than those for l)ion_
and tl_(, If + ('orr('lati())_ l'_)_('ti())_sare si)))ilar to the K- (:orr('latio)_ functions. Th(, dis-

a_r('(,))_(')ll l)(.tw('(.)) th(. (:al('_)la, t(,(l and m(.a,sur(.d /_'+ ('orr('la, t,io_l fulwtiot) is not, (:()n|ine([

l,()any (lir(,('li())_al ('())))l)()n(,))t.l{('so))a))('('s])ave an in)l)())'ta))t inllu(,_)('e())) (,I_('l)iOn cor.-
r(,lat,io)_ fl)i)('t,i()=)s,:ks show)) i)_iig;. 2, l,l)(, i))flu(,)i('eof r(,so))a))res ())_(,h(' l)i()))('orr(:lati()n
fllllct, iolls ('o_l(I I)(' lllillillljzed I)y nl(,_tsuring at,hi_her I)T [12].
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