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Low I)T phenomtma observccl in high energy nuclear collisions

Jehannt’ Simon-Cillo m

‘1’hysics Iliviskm, MS 1)456, IAM Alamos National I.ab, [m Alarnos, IUM 87.S4.5

For scvmal dcdcs, cxperinlents have reported an enhancement in the pion invariant

cross section at low pl” ( < 300 McV/c) when compared to a thermal fitor minimun~ hi,w~

pp rwmlts. Eqwrimrntd results from pp reactions at the ISI?. to heavy ion collisions at

CllRN will be rcvicwwl then compared to extract trcnda. Several thcorrtical cxplnuations

will Ix?discussed, AII tmphasis will be placed on the role of rcsona~ccs and a comparison
of data to models will Iw prrsmltd.

1. INTRODUCTION

I\n cxccss of pion~ at low pr was first obscrvml at the ISR when high multiplicity
event.s from pp and cw colli~ions were compared to minimum bias pp distributions [1]0

l,OW pr cnhancmncnt was Iatm seen in cosmic ray data [2], pA (Fermilah, CERN) [3-G]

i~li(l AA rcmlts (AM, (XRN ) [5- 12]. A lid of experiments which have studied low p’
Mavior arc lidml in ‘1’iddc I.
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d(!~tk)l. Wfthe dyl];~llli~s Of tll(! hd C.()\]iSi(Ji] ~oll(” in L])(: rca( tion, sllch as harymric and
rm!smic resonances [10, 1!)-21].

2. EXPERIMENTAL RESULTS

‘1’IIc( ‘Ul~N-II(~i(lcllJcrg-1,1111(1(joll;tl)or;ltii)ll” strl(lifvl ~rfr iiII(l p]) collisions ilt tllc [Sit.

[1]. Whmr pr(,vious ISR cxpmilnmts fo,lnd thilt th,I inclllsivr cross sections cit.lwr turrml
over or w(!rc w(!ll dmcrih(’(1 hy an (!x[mwntial ill 7)1’~ [22, ’23], they idMtIrv41dan (:xcww

of low pr pilrticlm with inrrmsirrg multiplicity Wllcn tllcy COllll)itWflhigh Illllltiplirity to
minimu[l] }~i;~.mwnts. ‘i’llis (! X(.OSS is s[~l~ll (.oll~l)ilr(xl to tllilt chmvml il] lJ/\ and AA
collisions i~ll(l Illily 11(’ (!11(! to il (Iiff[’rent I)tl(’lloll](’lloll.”I,OW jY/’ (’llllilllC(’lllt? llt W*S iilSO S(TI1

in pA collisions at F(lrll]ilitl) [:1, 4] aII(l in high rnultlplicity coslnic rays in crnulsion [?].
‘1’hmt w-r foIIr (!ERN twavy ion rxpcrillwnt.s that l~ilvt!stlldicd single hadron distri-

I]utions ilt 1(W jq, irl ii varidy of rapi(lity I’ii[lg(’s: N:\:H [5], NA35 [6], KM(J5 [24, 12],
and NA.14 [25, I l], N}\3.1 stll(lic(l W()(j(IV/(. c(’rltriil (high l~;~l,)pA i~ll(l :\/\ collisions
(1.0 < y < l.!)). I\t (’I;I{N, tlw Illi(l-ril])i(lity is at 3 i~[l(l I)(liilt] rapi(]ity is ilt 6. ‘l’tIf!
resulting llt!giLtiVt!hadrm cross scctims, corr(!ct(!(l for cl(!c.lrorl ccmtarnination, arc showu
ill figurr I; il l)ararll(’turizi~tioll of tll{’ Illillillllllll l)iiLSI)p rwults illl? iil!itl irlcllldtd for com-
parison. ‘1’11(! lllilgllitll(l~ of tilt’ (’llllilll(’f’rll( ’[1[ ilt IOW)}11ill lJ/\ is sirlliliu to tllilt olxwrvcd
ill thv :\I\ dlisims, l{i~tio~ i)f cross smtiwls frorll viirimls r(:iLctiu[ls i[l(lici~t(! a \v(*ilf(
(Icpcnclcmx: orl l)roj(!ctilt! illl(l [)() (Iop(’rldtvlro 01] U?rllrillity in the rapi(lity rnngr nwmd

[.5].
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are ccmtaird in the low tL’lllpC’~iLtlllX! exponential [7].
lM02/L!35!J/l?f!66 lIaS st~l(lie(l low !Br pions in the riq)i(lity range 1.2-1.4. Prelilninary

st~ldics fron~ l?NT.2indicate that there may bc a slight low ~T r.l~hanccment in new data
% 2(JOINICVICin Si+A reactions [29, 30]. IH366 is the thirdset,s which measure to p-l, -

genemtion FXO’2(wp(’rilm:llt iitl(l stu(’ ,CS AII+AII reactions ;~t 1I .( X(!V/c. ‘1’hry report
i\ll t! Il]liill Ct’111(’Ilt ilt lofV I)lT Whi Ch s(WIIIS tO show II (liflt?rCIICC b(’tWWn thC 7T+ iill(! th(! m-

Sl)t’ClriL; l)IIIV th(’ T- (Iistributitms show an cnhalwelmmt.. ‘Ihre is no strong (l(IpcII&mcc
011y, It ha!! bm’n (’stiilli~h’(1 Lllikt ~l)pr(JXilI]?d,~]y ?hO/O of the nrgittivr piOIIS ikr~ contain(!d

ill tll(! IOW t~lllp(’riLllll’(’ l!Sl)oll(’lltiitl [!)].

I;xpm-inwnt US1,111~(’iis[lr(~si(h!ntiliml pirms itt 14.6(~I!V/c ill the riipi[lity rilllge 2,S-:!.(3.
:\ll C’IIII;IIIC(*III(’111is s(’(’11ill I.llf’ (Iiltil Wll(’n colnpared to Iloltzmanll iUl(,l 1111, rxpollential

fits. ‘1’llu (Iata slim’ IIu strong (Icpm]dcncc on target or rilpidity [8, :12]. ‘1’hcy also
r(’pol ! 110(’llhnllc{’nl(’llt ill l):\ rt’slllts [01] and no diffcrenco 1)(’twccn t,lwir 7r+ illlll 7r -

distrihtions [32],

Ill cmnparing tll(’ ( ‘1}1{ N illl(l !\{lS rcsult,s, sevmd intluwtillg (’X]) c!rirll(’lll,i~l tlrmds Cilll

1)(’ f} XtrilCt(’(l, lk)t 1) till’ (’ltl{~ ill)(l 11(”:Shwlroll sprctra ShoWa IOW]Yrt!l)ll~ll~(}lll(’l)t Wh(’11

(T)lllpiir(!d to pp Illillilllulll hiss rmults, ?)lT Cxpoll(!lltiah+, or ii th(!rllld fit.pA Coi]isions

stll(liul ilt ( :lt[{,N stlotv iit] l’lltliii](.(~lil(~[lt sililili\r in Inagllitu(l(? to tl](: A:\ rmlllts. ‘Hl(!rr

is it tvt~ilk (1(*1)(111(l(~II(T(: 011 t,i]rg(’t ;l[)(l I)roje(:til(!. D. Jii~i~klIiLS lit tllv (:Kl\N n~sults with
it Slllll of tll’() !’spoilt’111 iill S il) Ill/, h) (’k!till~ilt(” tl](! frilctioli of soft I)imls ColltiLill(_!d ill tll(’

IOW /JT r(’giml [20], /\ Itllullgll tll(” (-llo;~”(!Of ii fitting procedllr(’ (’ill) inllu(!nc(: th(! ill)SOlllt(*
results, this (’xcr(’isv 511(WSiL g(!llf’1’ill tr{’lld; tll(’ Illilgllitll(lt! of ttl(! t![lllaIIC(!lllt*llt,of sOft
pr hadrms ilt ( :1~1{N rn(qgi(’s (“OIII]);lII’(1 to Illinilnuln l)i;lS 1)1)rmult..s is strwqgwt ilt
l)ii(.k~vilr(lsriq)ifii(it’s. I’X(W s(ws it rise in their m’gativv l)llt Ilt)t positiw! I)ioll sl)(wtra,
IIN14 iil](l N I\4,1 s(’(~ II() (lilr(’r(~lw(’ lI(ItW(B(!II ~+ itii(l ~- rvsults. NI\:hl i)tl(l NA, I,I rq)ort

110 strong tl(’l)clltl(’ll(sl’011C[’lltriditj~, Whik th(w is m) strong fl(!l)t’11{1(’llCc011riq)itlity ill,
l\( :!+l’11~’rgil’s,tilt’ ( ‘lti{l~ (I;ltil SIIOW ;111ol)Violls” (1(’1)(’11(1(’11(”(’,wil,ll tll(’ IOW /)/s (’llllil ll(”!’lllt’llt

Ilwrt’ sigllilit”i~llll ilt l)il[”k\\”ilr(lS riq)i(lit,im [12, 20],

3, TIIEoilW1’[c!AIJ 1}OSS1131LI’L’IES



production of llmrc pions [14]. Gavin and l~tll]skitnc[] fllrthcr clainl that the system
may only be in partial thermal equilibrium due to a longitudinal expansion leading
to additional soft picms [15]. 13arz et al., have calculated a Inonte carlo solution of a

1301tzmmln equation for a meson g= including resonances and incomplete thermalization;
they find good agrccmcnt with NA35 mid-rapidity 0+/\u results [16], These tl~eorics
ignorl? the inflllcncr of tlw baryons in the system and do not attcnlpt to explain low lT
Imtmvior other than fit Ini(l-rapidity. Nor do they pre(lict a sill~ili~r c~)lmncvn~cnt in pA
and AA collisiom.

Shuryak proposc(l that wc could he ohscrving a modificrttion of the pion dispersion
relation [13]. Attractive interactions betwmm constituents couhl form a surface making
it difficult for constituents to Iuavc the syst(!ln, trapping the low pi’ pious in ii potential
well. A scmrch for this cffkct at l,A M PF indicated its abscrlct?, at Iwust ill the relatively

cold nuclear Inattm prtvwwt in pA collisions [:1:]]. lt is ~(~rti~il~ thi~t this [ntxu] field effect as
proposal by Shuryak Inust exist iit smnc Icvrl; the qmxti(m is whetht.~r it is large enough
to cxplik~;i the observed kmturtw in tlw (Iata. Km-h WIII Ilmtsch have fountl collective
mean fields insuflicirnt to ~’xplain the ll]iigr~itude of tho As(wmd vl]l]imcvn]cnt unless
there is an cxtrcmcly slow adiabatic cxpausion which they find unrtdistic [36].

SlllliViLlland Simm-(.;ilh have studid stxmdmy pim production in tlw targd. Grant
was US(*(I to track part. iclcs gt’11(’ratc(l from IIQltI 1) ~iilclllatil)lls (20( KJe V/AS+Pb itli(l
14.6(l(!V//\ Si+ 1’1)) il[id tl~c s(wmdarim ~r(!i~t{?din LIN-t,qq’t t hrmlgh vi~ri(>us target
ttlickllt~ss(’s[:ll, :]5]. ‘1’11(*ralculatim il]dicatud ttliit thick t,arg(tts ro~lld It*ii(l to ii significant
IOW ~ (!illlitil~t!il~(!llt ])(~i~k(~(li~t biu.kwar(ls ritpi(lit im hotll at, ( !itl{,N and t 11(’AC:S ( tigurc!
4), Ilowuvm, tllc cxpminwl]ts (tither 11A thil] t,nrgrts or studi(!d i~ ri~pi(iity rvgion whcrt!

a thick targ(t llil(l lwgligit)l~! ~’frcct,
Many tlworists iiil(l t’xl)(~rill~(~l~tillists(Ilrinz, l]rowl~, ( klu, J ii(.itk, 1(()(111, Sollfrank,

StilCll(!l, iUl(l Welk’) Ilavc rws(qqlizd the iullucncc of l’f’SollilliC(Won the p~ (Iistrilmtion
of ha(lrolls [1!1, 21, lo, 201, I{QM 1) [’illcll]atiolw illl(l (’Xl)(lrilli(llltill ros~llts indicatt! ttlilt

Ilwsonic r(’sollitll(-(!s (Iot]lilliitt’i~t ll)i~l-riq)idity ilt ( :Kl{ N, whih’ A( :S (x)llisions l)ro[luct! ii
Im)rv I)iu’yt)llic (’llviroll[ll(’1~1,.

4. COMPARISON OF’ DATA ‘1’O MODELS
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not change significantly for low ~ pions alone; the baryonic resonances still dominate at
all rapid itics. Consequently, one might expect a weak dependence of low ~ enhancement
on rapidity at AGS energies.

Several experimental groups have compared to models that incorporate resonance con-
tributions, I381O and ES 14 pion pT spectra arc well described by RQMD and/or ARC
resu!ts [S, 37]. ES14 also compared reconstructed A’s to RQMD predictions and found
good agreement [S]. Nt\44 S+Pb pion spectra (3,1 < y <4. I ) are also well described by
RQNID. ‘1’lwcomparison of an RQMD O+Au calculation to NA34 is shown in figure 1
and the comparison to NA35 is in figure 2. (The K. and A are included in both of these
data sels and therefore allowed to decay in RQMD. ) The RQMD results are scaled in
order to compare to the data which are presented here in arbitrary units. It is interesting,
however, that ItQM 1) dews not reproduce the magnitude of the low pr enhancement at
backwards rapiditics.

5. CONCLUSION

I,OW pT enhancement ha.. been observed in AGS and C13RN heavy ion results. At
(.:ERN a silllilar h(’havim is observed in pA and AA collisions. ‘1’hc CERN results show
i~strong rapidity dcpci)(lenrc which is reflected in the rapidity distribution of pk.)IIS from
rcsormncm. The AGS results are WCIIdescribed by models incorporating rmonanccs;
these data, as WCIIa.. the distributions of the pions from the contributing rCs(Jn?mces,

(10 not show a strong rfipidity dependence, RQMD results do not fully rcprodu(’c the
magnit’ide of the mhanctmmlt backwards of mid-rapidity at CERN, leaving room for
further speculation, IHorder to understand the CERN results, theoretical moflels should
incorporate the in[luellct: of rcscmances, address the fact that th(: pA x AA rmlllt,s, and
explain the rapidity dqwnfhmcc ohsmvcd in the data.
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