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Abstract

Measurements of two particle azimuthal correlations iatreistic heavy ion collisions provide
information of the possible interplay between hard-scatt@artons and the hot-dense medium.
Toward an understanding of parton-medium coupling, it dispensable to obtain correlations
where contributions from higher harmonic flow]) are rejected. It is also important to produce
correlation measurements where the trigger particle ecsedl relative to second and third order
event planes. This enables us to explore path-length depeedf parton energy loss and the
influence of the medium on the jets. We present the latest RME®bults of correlations in
which contributions from higher harmonic flow have been mdied, as well as second and
third order event plane-dependent correlations ir-Au collisions at+/syn = 200 GeV.

1. Introduction

In relativistic heavy ion collisions, the triangularityarity (fourth-order), and higher-order
deformations originate from fluctuations in the initial feipant geometry. This gives rise to
higher-order flow harmonics where the anisotropy of pastigloductions, relative to each har-
monic event plane, is observed over a wide rapidity rangeeirTéxistence has been revealed
by studies with the AMPT model[1] and experimental meas@ms at the RHIC[2] and the
LHC[3][4].

The amplitude of flow harmoniog, is defined as

i_'; o1+ nz; 2Vn COSO(¢ — Pn)), Vi = (COSO(d — Pp))), (N =1,2,3,..), (1)

whereg is the azimuthal angle of particle altj is the direction of th@™ order event plane in the
transverse plane. Thg of hadrons withingy| < 0.35 is measured with event planes determined
in 1.0 < n < 2.8 to ensure a dficient pseudo-rapidity gap between particle and event pléme
reduce non-flow correlations due to jet production.

Two particle correlations are calculated by dividing thiatige angular distributions of real
event pairs with those from mixed events, and applying prapemalization:

C(AB) = NI (Ag) NI (M) f dAGNTX (Ag)/ f AN (Ag). @
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Figure 1: (Color online) Two particle charged hadron catieins in AurAu collisions at+/Syn = 200 GeV in five
centrality intervals in the range 0%-50%. The transverse nmbume ranges are<2pt <4 GeVjc and kpr<2 GeVc for
trigger and associates respectively. Contributiongof/3, v4(¥2) andva(¥4) are subtracted using the ZYAM method.
The solid lines are the systematic uncertainties propadetethigher-order flow harmonics.

whereA¢ = ¢*® — ¢!"19 is the relative angle between trigger and associated festidhe cor-
relations are measured using particles emitted in the rahge0.35, i.e. without rapidity gaps
between trigger and associate particles. In these capefatthe contributions from jets survive,
thus allowing us to study the interplay between hard-smdt@artons and the medium. The
expected flow shapes included in these correlations cantineagsd from experimentally mea-
sured event plane resolutions angdand are subtracted with the normalization factor detegohin
by the ZYAM method[5].

2. Two particle correlations with v, contribution subtractions

Figurel shows the two particle charged hadron correlafiorgi+Au collisions at+/Syn =
200 GeV in five centrality intervals in the range 0%-50%. Thgger particle is required to
have a transverse momentum &ff2- <4 GeVjc which are correlated with associates in the range
1<pr<2GeVjc. Contributions from various combinations &f, v, v4(¥2) andv,(¥,) are sub-
tracted using the ZYAM method.

The away side double hump structure[6] is seen in the cdivela with subtraction of/,
andv,(¥,) contributions in all centrality intervals, but it is ladgereduced by subtracting the
contributions ofv, andv;. The inclusion ofvy(¥,) to the subtraction of, contributions does
not change the away side residuals of theandvs subtracted correlations. Howeven(Vs)
does disturb the away side correlations. While the away sidélé hump is almost removed in
central(0-10%) collisions, it reappears in mid centralg®%b) collisions. The treatment g in
addition tovs appears to be most important for determining whether disuigpeaks may appear
in the subtracted results. There are however currently iiogies related to furtherfiects of
correlations between theftérent-order event planes which are still under investigabefore
strong conclusions can be made.



3. Two particle correlations ver sus second and third order event planes

AutAu 200GeV, 0-10%, 2-4[01-2 GeV, v, v4v,(V,) subtracted with <cos4( wz-w4)>:v4(w2)/v4(w4) by ZYAM
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Figure 2: (Color online) Two particle charged hadron catieins with trigger particle selection relative to secaog(
panels) and third(bottom panels) order event planes irAAucollisions at/Syn =200 GeV in most-central(0-10%) col-
lisions. The transverse momentum ranges arprx4 GeV/c and k pr <2 GeVjc for trigger and associates respectively.
The boxes are the systematic uncertainties propagated figirethorder flow harmonics.

Figure2 and 3 show the two-particle charged hadron coioglatwith trigger particle selec-
tion relative to the second and third order event planes imAwcollisions at+/syn =200 GeV
in most-central(0-10%) and mid-central(40-50%) colligo The transverse momentum ranges
are X<pr<4GeVc and kpr<2 GeVc for trigger and associates respectively. Contributions
from v,, v3 andv,(¥,4) are subtracted from each triggered correlation by meartheoZ YAM
method with a single contribution level determined in ctatiens without trigger selection, for
all event plane bins.

In this analysis, the trigger particle is selected not ordpehding on the relative angle be-
tween the trigger particle and the event planes but alsoftieight side of the event planes,
separately. The left (right) side of the event planes is @efiasy'9-¥,,<0 (#"'9-¥,>0). It is
expected that correlations show a left-right asymmetrigéfé is parton-medium coupling, since
the paths of partons in the medium have a mirror like asymyragtween the cases where the
trigger particle is selected in the left or right side of theeet planes. The black (red) points
represent the correlations where the trigger is selectélakeimeft (right) side of the event planes.
The second order event plane dependent correlations sheftvraght asymmetry which is more
pronounced in mid-central collisions than in most-cent@lisions. The is consistent with the
expected average eccentricityffdrence therein. The correlations also show the dependence
on relative angle between the trigger particle and the stooder event plane. The yields of
correlations with trigger particle in the in-plane dirextiare more pronounced compared to cor-
relations with trigger particle in the out-of-plane dinect in mid-central collisions, and Igftght
asymmetry is clear in both directions. This is consisterthyiath length dependence of parton
energy loss, although there is an opposite trend in centeadts.
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Au+Au 200GeV, 40-50%, 2-4 01-2 GeV, v, v,3v,(¥,) subtracted with <cos4( \IJZ-LIJ4)>=V4(LP2)IV4(W4) by ZYAM
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Figure 3: (Color online) Same two particle charged hadrometations as Fig.2 but for mid-central(40-50%) collisions.

In the third order event plane dependent correlations etieno left-right asymmetry and
no trigger angle dependence observed in either centrdéigsc All the correlations with trigger
particle selection relative to the event plane are consistéthin systematic uncertainties. If
further uncertainties can be resolved concerning the aatiom (see above) these various features
could be indications of energy losffects angbr non-trivial jet-medium interplay, including a
lack thereof for the 3rd order plane (to within the PHENIX et/plane resolutions.)

4. Summary

The latest PHENIX results of correlations with the subiiatbf contributions from higher
harmonic flow as well as second and third order event planerdignt correlations in AtAu
collisions aty/syny = 200 GeV have been presented. The treatment of\athaddition tov; are
crucial in determining the away side residual shape of thieetations. The second order event
plane dependent correlations show the clear left-rightresgtry and the dependence on relative
angle between trigger particle and event plane. The thitdioevent plane dependent correlations
do not show the such behavior. The correlations indicdterdint sensitivity the second and third
order event planes. These observations could have imiplicatelated to energy-loss aodjet-
soft particle interplay.
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