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Highlights from PHENIX-I: Initial State and Early Times 

Michael Leitcha (for the PHENIX collaboration) 

"Los Alamos National Lai>Ol'Glol)'. P-25 MS H-846, Los Alamos. NM. 87545. USA 

---------------------------------------------------------------
Abstract 

We w ill review the latest physics developments from PHEN IX concentrating on cold nuclear 
matter effects , the initial sta te for heavy-ion collisions , and probes of the earliest stages of the 
hot-dense medium created in those collisions_ Recent phy~ i L s results from p + p and d + Au 
collis ions; and from direct photons, quarkonia and low-ma ;; vector mesons in A+A collisions 
will be highlighted. Insights from these measurements in to the characteristics of the initial state 
and about thc carlicst timcs in hcavy-ion collisions will be discussed. 

1. Introduction 

In this overv,iew, we will discuss selected highlights from PHENIX in the areas relating to th e 
initial state and early times, focusing only on those which we believe to be the most significant 
new results. These will include I) the suppression of rapidi ty-separated hadron pairs in d + Au 
collisions, 2) the contributions of quarkonia and Orell -Yan h} the non-photonie single electrons 
used to detect heavy quarks, 3) thc continued suppression u t' the JII/! in Cu + Cu collisions to 
high-PT, 4) the suppression ofYs in Au+ All collisions, and 5) e timates of the initi al tempcrature 
from direct photons in Au + Au collisions. 

2. Cold Nuclear Matter (CNM) and Gluon Saturation 

The physics that modifies hard processes in nuclc i relative to those on a frcc nucleon, often 
called cold nuclear matter (C NM ) effects, includes I) trad itional shado\,ving either from global 
fits or from coherence models, 2) gluon saturation al small momentum fraction (x) w hich is 
amplified in the nuclear env ironment, and 3) initi al-s tatc c ll ' rgy loss and mUltiple scattering . 
For hadron pairs with a rapidity separation bctween the two hadrons in the pair, where one 
"triggers" on a mid-rapidity (1171 < 0.35) hadron and studics u n rdations with a fOlWard-rapid ity 
0-1 < 17 < 3 .9) hadron, there are two pictures which attem pt to describe the characteristics of 
the process. QeD based pictures, such as thosc used by Vite\, el l that include non-leadin g-twist 
shadowing, giv suppression of the pairs WTt the mid-rapid ity trigger paJ1icle. An alt mativc 
approach which represents gluon saturation in the eolor-glas~-condensate (CGC) modcl [2] also 
gives suppression and gives broadening of the angular corrcia tlOn peak between the two particles 
in the pair. In the cac picturc, a mono-jct mcchanism becomes important, where a single Jet has 
its momentum balanced by multiple gluons coupling (0 thc saturated gluon fi eld. 

Using the new Muon Piston Calorimetcrs (MPC) in PHf IX we are able to study correla
tions of rapidity-s eparated hadron (h± onro) pairs, where one li-iggers on a hadron at mid-rapidity 
and studics correlations with hadron s at fOlWard rapidity in the MPC. For these studics wc use 
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[' igur" I Centrality dependence of hi" for rapidity-separated hadron pair- (le ft). Correlation width, t.¢. vs PT of the 
~s ,oc iatcd mid-rapidity (11)1 < 0.35) lfD (fdled points) for p + P and for dil ferent centrality d + Au colli sions, show in g no 
broadening within Lhe substantial uncertainties of the data points (right). Ah c) shown are similar res ults for higher energy 
clusters (open symbols) where lfO,S and photons are not resolved. 

'6 the rat io IdA" , which is the pair efhcicncy wrt to thc m id- r~q)i dity "trigger" hadron for d + Au 
27 divided by rhat for p + p, 

NdPa,.!i}' [( I] = 3.5) + (I) = O)]!N,~,g, (1/ = 0) 
1 = • u .. b V 

dAu pair _ _ .t rJj.i _ 
Np+ p [(7] - 3.5) + (17 - O)J/tv" ,,(17 - 0) 

" Preliminary results [3] for the centrality dependence (in li: irilS of number of collisions, Neoll ) 

'" of fdA" in Fig. I (left) show increasing suppression for nit)h:: central collisions. The angular 
30 correlations of the pairs were also studied, but showed no broadening in the relative angle L\(D 
3' outside the substantial uncertainties in thc present preliminary result, Fig. 1 (right). 
32 We have also studicd hadron pairs in d+Au collisions w here both hadrons are at mid-rapidity, 
33 this time in terms of JdA" which is basically thc same as Rd ,111 for a single particle, but in this case 
" for pairs, 

(PairYield)" .,u 
1 dAu = ----''------''-''---'- 

< Neoll > (Pair Yield }/'P 

35 These pairs cxhibit a vcry large Cronin-like cnhanccmcnt, i.c. they scale faster than Neoll (Jd llJ > 

38 I) and both ldAu and the angularcolTclation width decrcasc to r larger PT [4]. 

37 3. Open Heavy Quarks 

38 Recent studies of the contribution of quarkonia and Drcll-Van to the spectrum of single elcc-
39 trons from heavy quarks have detennincd that for transverse momenta above about 5 Ge VI c 
40 these contributions can amount to up to 16% of the total non-photonic electron yield [5]. Thc 
41 contributions of JlljI, l, and Drell-Yan arc shown in Fig. 2 (left) and one can see that the JlljI 
4' gIves the dominant contribution. Aftcr subtracting off these estimates of the contributions to thc 
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'3 P + P collision data, with careful attention to their uncer taih ty , shown in Fig. 2 (right), the net 
M yield o f e lectrons from heavy quark decay has moved froni a little above, to slightly below, the 
45 FONLL mode l's upper uncertainty limit. Similar correction:" but with larger uncertainties have 
46 been applied for A ll + Au collisions. Howevcr, because both p + P and Au + All are lowered 
'" by abollt the same amount, the resulting nuclcar dcpcncenc(" in Au + Au collisions, RAA , is not 
0' significantly changed. 

P+P " ' .,: 200 G.v (Run-51 
.......... ' J ~~TTT~' ' r>r---'-~ " 1 

t __ ·-·c:~:~~ 1 
-- T,*,~ - ........ J.>t.. ,,:l .Y, 

- T~~- ""J."', ,, ,OY. 

' 0' 

'0 ' 

10 " 
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Figure 2: Contributions of quarkonia and Dr~ll- Yan to Ihe backf,'found ror single electrons from heavy meson decays 
and the rdative change wrt (0 the background before their inclusion (le i1 ). Single electron spectrum from heavy quarks 
corrected for these contributions compared (0 a FONLL calculation [61 (rig I) . 

49 Most open-heavy flavor meson measurcments at RHIC t i) date are not able to separate con-
50 tributions to thc single electrons from charm and beauty, \,..-hilc theoretical predictions of energy 
51 loss and flow in the hot-dense mcd ium crcated in high-e n rgy heavy ion collisions are gener
., ally qu ite di ffe rent for charm and beauty. Recently a new method has been cmployed. whcre 
" one studies the correlations of hadrons near thc observed eketron and exploits the fac t that the 
54 decay of a charm meson into an elcctron and hadron prodliccs a broader correlation and lower 
55 efficiency for observing the pair than that of a beauty meson . Using this tcchnique, the fraction 
56 of (b -) e)j(b + c -> e) has been detcm1ined [7] and is shown vs Pr in Fig. 3 (left). 
57 PH " IX has also measured opcn-heavy flavor mcsons at forward rapidity via thcir decay to 
58 single muons, but so far not with cnough precision to defiti ~ the shape of the cross scction vs 
59 rap id ity. However, three different methods in PHENIX now yield consistent cross scctions in 
60 P + p co llisions at mid rapidity: single cIGctrons via cocktllii subtraction, a converter method, 
6i and with di-electrons. Using the bcauty fraction dctcnnind above, a beauty cross section of 
62 (Fbb ~ 3.2~:f(stat)~:~(.sys) p.b has also been determined [7]. 

F'.nally, the first proof-of-princible measurcment of ehar in pairs via electron-muon corrcla-
64 tionsin p + p collisions has been made [8J and is shown in Fig. 3 (right). The peak at J[ radians 
65 in!\c[) is fi-om thesc correlatcd pairs. T his method promises tr.i provide another independent mea-
66 surtment of charm in the ncar future, as luminosities increase and allow substantial yields for 
67 this rare signal. 
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68 4. Quarkonia Production and Suppression 

69 The simultaneous theoretical dcscription of both thc cr -s section and the polarization of 
70 the IN in hadron production has long bcen a challcnge . A !lew analysis of the 2006 PH E IX 
71 P + P data agrees well with the prcvious results, has signific.mtly higher precision, and agrecs 
72 well with the Lansberg s-channel cut color-singlet model [9]. The decay polarization of thc IN 
73 measured by PHE IX at mid and forward rapidity is shown in Fig. 4 (left), where the Lansberg 
7. model reproduces the small polarization falling with Pi at mid rapidity (red points), but pred icts a 
75 la rger po lization than the null polarization scen at forward rapidity (by 2-3 sigma) [10]. Improved 
76 polarization measurements at forward rapidity in scvcral bins in Pr are expected soon, and may 
77 help clarify the situation. 

-'r -~ . • PHENLX Ivl <0.35 
I 0.9 -

f - FONLly=O 
~ 0. 81 
1" - FONll error band y=O 
~ 0.1 

~ c.e 
r 
~ O.!i 

1 
190% C.L. 

... 021' 

.(j.04~ 

• -'.! . , a O- ll " Azimuthal CorrelaLions 
-- \,....,.., 

figure 3: Fraction of beauty, (b -> e)/(b + C -, d. 'IS single-electro n transverse momentum compared LO FONLL 
calculaLions [6l (lell). Early eiectTon-muOn pair cham1 signal for p + p co ll i'i nns (righL). 

78 Ncw results for the IN from the 2008 d + Au run witH approximately thirty ti mes largcr 
79 integrated luminosity than that of thc previous (2003) d + . i, results are beginning to emerge, 
eD with the first preliminary result in terms of ReI', 

fIfJ-20% / < ,y(}- 20' . '> 
RO-20% = in" . t ~1I • 

CP fl'0~8% / < N6tJ -~~' .• > ' 
IfI\' ("<JII 

81 shown in Fig. 4 (right) vs rapidity for threc diffcrent ccntral ity bins [10, II]. One secs essentially 
82 no nudcar dependence at backward rapidity, a little at mid rapidity, and increasing suppression 
83 with centrality at forward rapidity in the nuclear shadowing region (large rapidity corresponds 
84 to small momentum fraction down to about x '= 2 x 10 1 and is in the shadowing region). 
85 PHE IX is working on more comprchcnsive results for th..: ncar future in terms of Rd.~ I1' the 
86 nuclear dependence wrt to P + P - the much higher statistical precision of this ncw data requires 
B7 precision systematics and more careful analysis. 
68 New preliminary results for J/1jI RAA in Cli + Cli collisions show continuing suppression up 
.0 to at Icast 7 GeV/c in PT. In Fig. 5 (left) this suppression is compared to several theoretical 
gO models, including the "hot-wind" AdS/CFT inspircd mod I [12] which is inconsistent with the 
91 data. Eventually, due to the Cronin dfcct seen in d + Au eol lisons, which causes a change from 
92 suppression to enhancement at high-PT, one would expect R i .. 1 to return to one at large PT, but 
9J there is no evidence of that yet from thcse results. 
94 With the increasing luminosities provided by the RH IC in,Lchine, PH EN tx is now beginni ng 
95 to accumulate useful number of "Cs for various kinds of co II isions. From the 2006 p + p run , 
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Figur¢ 4: PolariL3lion vs PT in the hdicity frame for .110/1 production in 2()(1 ( ;.'V P +-p collisions with mid-rapidity poinls 
as red clfcles and forward rapidity poinls as blue squares (left), Rep vs rap i,i ilY for J/IjJ production in 200 C d ' d + Au 
collisions for Ihree diffe rent centrality bins, w;th the most centTal colli sions (1.1 -20%) on the bottom (right). 

,. as shown in Fig, 5 (right), we now have a preliminary e ros: -cction for dielectron eve ts in lhe 
97 "('(IS + 25 + 35) mass region [8.5,11.5 GeV/c2] of BR : Jer/dy (lYl < 0.35) = 114:1~ pb . A 
98 small number of dieleetron pairs from Drell-Yan and from open beauty pairs may also contribute 
99 in that mass region, but this contribution is estimated to be k ;;s than 15% and is included in the 

100 sy,;tcmatic uneertaintiy. Using a similar signal for Au + Au t.: ollisions, shown in Fig. 6 (left), and 
'0' doing a very careful statistical analysis which takes into accoi.int the small numbers of counts in 
>0, both the Au + Au and p + p "( mass regions, we have ob tHl ried the probability distribution for 
t03 R Au.' /i in this mass region shown in Fig. 6 (right), From this an upper limit of R/""lu < 0.64 at 
'04 90% C.L is determined [14J. 
to. Although "( s have long been touted as thc standard camlk for the melting of quarkonia in the 
tOO Q uark Gluon Plasma (QGP), i.e. that they would not be screC' ned up to very high temperatures, it 
tOl is clear that there are a number of simple non-QGP effects lhti t could easily cause a suppression 
loa at or below the uppcr limit determined above, T hese include I ) the suppression of "( s tate s seen 
t og in fixed target experiments [13] which would give about O,B I' in RAuAu , 2) the fact that only 
110 about 52% of the "(IS do not come from feeddown from the higher mass (2S, 3S) 'Y states and 
t tt B decays [15], and 3) that we do not resolve the three "( stHk s (I S+2S+3S) and the IS is only 
lI2 about 73% of this [16]. 
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'" 5. Initial State and Temperatllre 

114 Direct photon production in nucleus-nucleus collisions. although a difficult measurement, is 
,,, a clean probe of the initial-state gluon distributions in thc co ll id ing nuclei. The latest measure
n. menls in PHENIX show no modification wrt p + p collisions except for transverse momenta 
117 above about 12 GeV/c. These modifications arc likely due t ' CNM effects (Cronin) and isopin 
118 (neutrons vs protons) [18]. 
II. A new method has been used recently to extract the yield of photons in the lOW-Pi thennal 
'20 region where the production of these photons is inferred fronllhe low-mass (Mee < 300 GeV/( 2

) 

" , I < PI' < 5 GeV/c e+e- spectrum [19]. These low-mass photons show an enhancement over 
'" the scaled p + P reference, as shown in Fig. 7 (left). If interpreted as thermal photons from the 
"" hot-dense medium and fit to an exponential slope, an average temperature of the medi um (for 
)2· centra l collisions) of Tavg = 221 ± 23 ± 18 Me V is obtained. Since this is the average over the 
125 cxpansion, one can ask within various theoretical dcscriptions for that expansion, what the initial 
126 tcm1perature is. Fig. 7 (right) shows various initial temperatu rcs vs the formation time assumed 
) >i in each theon :tical picture. All models indicate an ini lial tcnlpcrature of at least 300 MeV, well 
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effective temperature Ceft). Estimates of the initial temperature of the boh len, e medium from several ditfe ren t models 
fo r the expansion oftbat medium, given the avera~e temperature 01' 21 1 Me l' determined from the central Au+Au s~rra 
(nght) 

'/8 above the predicted QGP phase transition (It 170 MeV. 

129 6. Su mmary 

130 We highlight here some of the recent PH EN IX results that we believe to be most interesting 
131 in areas that relate to the initial state and early times, including: 

m I. Quarkonia contribute substantially to thc electrons fr6m heavy flavor for Pr > 5 Ge VI c 
1JJ and should be taken into account when comparing to theoretical predictions. 

13-. 2. Beauty decays give 50% or more of the single elec trons for pr > 4 Ge VI c, so any ditfer-
1)5 ences between beauty and charm for energy loss and flow may become apparent at these 
.)8 Pr values. 

I3T 3. J 11/1 polarization measurements at mid rapidity agree with the Lansberg color singlet model, 
,)8 but at forward rapidity the pr-integrated value does nOI. 

" 4. For eu + eu collisions, JII/Is continue to be strongly sll pressed up to pr oe 8 GeVle. 
". 5. Events in the Y(lS + 2S + 3S) mass region at m id mp idity are supprcssed in Au + A ll 

'" collisions by at least 36%, but this is not unexpccted given cold nuclear matter etfects and 
,.2 tlt e likcly strong suppression for central Au + Au co ll i. ions of the higher mass Y states. 

143 6. Dircet photons measured in the thermal region for ccn tral Au + Au collisions indicate intial 
.. " temperatures of at least 300 MeV, wd l above the expc 'h:d QGP phase transition. 
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