PROCEEDINGS

OF SCIENCE

Three-Particle Azimuthal Correlations

Jason Glyndwr Ulery*
Purdue University
E-mail: ul er y@hysi cs. pur due. edu

Two-particle azimuthal correlations in central Au+Au ¢sithnal at RHIC have revealed a broad-
ened away-side structure, with respect to perpherial Ayspluand d+Au. This could be ex-
plained by different physics mechanisms such as: largeeagigion radiation, deflected jets,
Cerenkov gluon radiation, and conical flow generated by hyginamic shock-waves. We can
discriminate the scenarios with conical emissiéarenkov radiation and conical flow, from the
other mechanisms though three-particle correlations.dtfition, the associated particpg de-
pendence can be used to distinguish conical flow from si@ptenkov gluon radiation. We will
discuss three-patrticle correlation analyses that hava pedormed at RHIC and what can be
done at the LHC.
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1. Introduction

Heavy-ion collisions create a medium that could be the quark gluon plasmB)(Q€&ts and
jet-correlations can be used to study this medium through the effects of themmed the jet and
the effects of the jet on the medium. Jets make a good probe because tpeitipsocan be cal-
culated in the vacuum with perturbative quantum chromodynamic (pQCD)-peaticle jet-like
azimuthal correlations have shown a broadened (with respect to whesrisrgop and d+Au and
perpherial Au+Au collisions) or even double-humped[1, 2] away-sigecture in Au+Au cen-
tral collisions (see Fig. 3). The broadening of the away-side structurenisistent with different
physics mechanisms including: large angle gluon radiation [3, 4], jets tedley radial flow[5]
or preferential selection of particles due to path-length dependerg\etuss[6], hydrodynamic
conical flow generated by Mach-cone shock waves [7, 8],@Gaankov radiation [9, 10]. Three-
particle correlations can be used to differentiate the mechanisms with comiszien, Mach-cone
andCerenkov gluon radiation, from other physics mechanisms. Threeahff@rparticle correla-
tion analyses have been done at RHIC. Two of these analyses are adiBvprticle correlations
and will be discussed here. The third analysis makes use of the full 3Briafmn available and
is discussed in detail else where in these proceedings[11] and els¢®@ier

2. Three-Particle Cumulant

The 3-particle cumulant has previously shown preliminary results[13]kes®h rigorously
described in[14]. This method has the advantage that it is independany afiodel. This method
is performed by computing 1-,2-, and 3-particle densities and then compuénm émntity:

Cs(A@, A@) = p3(A@, Ap) — p2(A@) Pr(@2) — P2(Age) p1(Pr)
—P2(@ — @)p1(¢r) — pL(er)pl(en)pl(e2) (2.1)

where p1,02,and p3 are the 1-, 2-, and 3-particle densities respectively, ¢, and ¢, are the
azimuthal angles of the trigger and 2 associated particles respectivd@n= ¢r — ¢ and
A@ = @ — @u. Figure 1 shows the ternms (A, Agz), p2(A@1) p1(¢2), P2(A¢)P1(1), andpz(gr —
®)pa(¢r).

If the events are Possion the 2-particle correlations are fully removedtfie 3-particle cu-
mulant and only the correlations of 3 or more particles remain. Thereforgrésence of a signal
signifies the existence of correlations of 3 or more particles. Figure 2ssti@B-particle cumulant
for three different centrality bins in Au+Au collisions. The cumulants ardrigger particles of
3 < pr < 4 GeV/c with two associated particles oklpr < 2 GeV/c. All particles are charged
particles within the STAR TPC. A signal is seen for all centrality bins signifyhrgpresence of
correlations of three or more particles, under the assumption the ever®Reass®n. A central-
ity dependence is seen for the 3-particle cumulant. The away-side sa@riinconsistent with
those predicted for global momentum conservation in the cumulant[15]. dutlyelr interperation
requires invoking a model and studying the effects of components of thelrondhe cumulant.
To extract additional information we will proceed to discuss a model degrgrathalysis.



Three-Particle Azimuthal Correlations Jason Glyndwr Ulery

£ (1 2)91_ 3)
2350

%" 50 100 150 200 250 300 350
A}
12

‘h 50 100 150 200 250 300 350

lAd>|2
P:(13)p,(2) P£2(23)p, (1)

73150 — R350F S

% 50 100 150 200 250 300 350
12

Figure 1: Cumulant raw signal and backgrounds which contain straectliop Left: Cumulant raw signal,

P3(A@r, Ag). Top right: p2(Agr)p1(¢z). Bottom Left: po(Agz)p1(¢n). Bottom Right: pa(@n — @2)p1(¢r).
All results are preliminary.
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Figure 2: Three-particle cumulants for Au+Au collisions in centiabins 50-80% (left), 10-30% (middle),
and 0-10% (right) with 3< p1"? < 4 and 1< pASS°°< 2 GeV/c. All results are preliminary.

3. Model Dependent Analysis

This analysis strives to extract the 3-particle jet-like correlations. The rdédthe been de-
scribed in detail[16] and previously reported preliminary results[17,1B8, This method makes
a few assumptions. The first is the event can be composed into two comp@eetitdes that are
jet-like correlated with the trigger particle and particles that are not. The adwmptions are
that the background in the 2-particle correlation is ZYAL (zero yield ant))that the number of
associated pairs in the three-patrticle signal is the square of the numissoofated particles in the
2-particle signal. Results are shown for charged trigger particles<opd < 4 GeV/c correlated
with charged associated particles foxlpr < 2 GeV/c taken in the STAR TPC. Results are for
pp, d+Au, and Au+Au collisions af/syn=200 GeV.

Figure 3b shows the raw 3-particle correlation signabim = ¢ — ¢r andA@ = @ — ¢r.
Combinatorial backgrounds must be removed to obtain the genuine 3-pgtitilee correlation
signal. One source of background, the hard-soft backgrounttasn@d by folding the background
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subtracted 2-particle correlation signal (Fig. 3a, minipandl)with the 2-particle background,
aB‘Z”C, (Fig. 3a, dashed line). This background is used to removed instahoetycone particle
having a jet-like correlation with the trigger particle. The 2-particle backgulasi constructed from
event mixing with the flow modulation added pairwise from the average of theureraents based
on the reaction plane and 4-particle cumulant methods[1]. Fatbentribution the parameteriza-
tionv4 = 1.15v2 is used and was obtained from data[19]. The 2-particle backgroururisatized
by factora such that the background subtracted signal is ZYAL. To take care ofdtasces where
neither associated particle is correlated with the trigger but are correlittedach other a trigger
particle from one event is mixed with associated particles from another imelegent, events in
the same centrality widow. This is referred to as the soft-soft t84fi, Since the two associated
particles are from the same event, this background contains all of tredat@ns between the two
associated particle that are independent of the trigger particle, includingisjmther jets in the
events, decays, and flow.
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Figure 3: (a) Raw 2-particle correlation (points), background frorixed events with flow modulation
added-in (solid) and scaled by ZYA1 (dashed), and backgtsubtracted 2-particle correlation (insert). (b)
Raw 3-particle correlation, (c) soft-soft backgrouvfﬁub(zBiSE1C and (d) hard-soft background + trigger flow,
J @ aB° + Ba?By°TF. See text for detail. Plots are from ZDC-triggered 0-12% Au-collisions at

+/SNN=200 GeV/c.

There is additional flow that is not accounted for by the soft-soft terne.alsociated particles
are also correlated with the trigger via flow. The trigger flow is added in trigisé from mixed
events where the trigger and associated particles are all from differdosive events. The,
andv, values are obtained the same way as in the 2-particle background. Thauwothér of
triplets is determined from inclusive events. We shall refer to the backgrénom trigger flow
asB°TF. The total background is thed; © aBY® + Ba?(Bi® + BY“"F) wherea? accounts for
the multiplicity bias from requiring a trigger particle abdaccounts for the effect of non-Poisson
multiplicity distributions. The normalization factbris obtained such that the number of associated
pairs in the background subtracted jet-like 3-particle correlation signaledhe square of the
number of associated particles in the background subtracted jet-likei2lgpaorrelation signal.

Figure 4 shows the background subtracted results for jet-like 3-partictelations. The
pp and d+Au results are similar and show on-diagonal broadening qu&ateasistent with
kr broadening. Au+Au collisions show additional on-diagonal broadeninghe more central
Au+Au collisions, there is an off-diagonal structure at aboutl.45 radians. This structure is
consistent with conical emission and increases in magnitude with centrality.

Figure 5 shows the centrality dependence of the average signal ssémglifferent regions.
The off-diagonal signals increase with centrality and significantly deviate zero in central
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Figure4: Background subtracted 3-particle correlationsdp(top left), d+Au (top center), and Au+Au 50-
80% (top right), 30-50% (bottom left), 10-30% (bottom cehtand ZDC triggered 0-12% (bottom right)
collisions at,/syny=200 GeV/c.
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Figure 5: Average signals in 0.% 0.7 boxes at1f,n), left, (;T+ 1.45,1F 1.45), center, andrt+ 1.45,1+
1.45), right. Solid error bars are statistical and shaded ystematic.Npart is the number of participants.
The ZDC 0-12% points (open symbols) are shifted to the leftfarity.
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Au+Au collisions. The systemaitc errors are semi-correlated betweeraligesrand data sets. In
figure 6 the off-diagonal projection is shown in the solid symbols and theéiagenal projection

is shown in open symbols. There is additional contribution along the diageladive to the off-
diagonal. The locations of the off-diagonal signals were determineddrfitto a central Gaussian
and symmetric side Gaussians to a strip projected to the off-diagonal (Figqdejvere found to
be about 1.45 radians from. This could be due to any combination of jets deflected by flow,
path-length dependent energy loss, large angle gluon radiation, ai@hlcemission from Mach-
cones[20]. Differentiation of the contribution to the on-diagonal projectiom these processes
cannot be determined experimentally and would require information fronndtieal models.
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Figure 6: Away-side projections of a strip of width 0.7 radians forftlel+Au and (right) 0-12% ZDC
Triggered Au+Au. Off-diagonal projection (solid) (AT — A@yr)/2 and on-diagonal projection (open) is
(At +AgyT)/2— 1. Shaded bands are systematic errors on the on-diagonatpanjs. The systematic
errors on the off-diagonal projections are not shown foritgla

4. Summary

Three different 3-particle analyses are being perused at RHIC, fwunich are reported on
in these proceedings. The RHIC results show the existence of 3 or nmticepeorrelations in the
cumulant analysis with only the assumption of Poisson statistics. Additionally ndegeindent
results show a signal consistent with conical emission in central Au+Auiocolist aboutt+ 1.45
radians. All three of these analyses can be performed at the LHC. Adlllifa} or more particle
correlations may be possible and may give additional information. Also at W€ detector
3-patrticle correlations with identified particles should be possible.
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