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PHENIX Results on Collective Effects In
Small Systems
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Collective effects in A+A collisions at RHIC/LHC -
signal of sQGP

Gale, Jeon, et al., Phys. Rev. Lett. 110, 012302
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Collective Effects in Small Systems at LHC and RHIC:
p+Pb , d+Au
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Geometry Engineering at RHIC

y [fm]

A DD O M A DA MDD O DN BN

y [fm]

Au(2015)

d+Au(

08)

He+Au(2014

p+

I ! I

I

I !

20

I

3
T

! [ I ! I

Initial State

A\ V4
Final State

Courtesy of
Bjorn Schenke

> Different initial geometry - different final state particle

emission for p+Au, d+Au and 3He+Au collisions



PHENIX Azimuthal Correlations and v,

Measurements
SHe+Au Q
a " Phys. Rev. Lett. 115, 142301
2015
o ( )
d+Au
o Phys. Rev. Lett. 114, 192301
! (2015)
p+AU Preliminary Status




PHENIX Flow Measurements : Methods
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Correlate hadrons in central Arms
with event plane (FVTX, BBC etc)
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PHENIX Flow Measurements : Methods

V., (EP): Phys.Rev.Lett. 107 (2011) 252301

PHENIX Preliminary
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»Good agreement between V,, results
obtained by event plane (EP) and two-
particle correlation method (2PC)

»No evidence for significant »-dependent
non-flow contributions from di-jets for
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# of events

High-multiplicity trigger in BBC
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More central collisions

p+Au: 3.1 billion min. bias events
1.2 billion central events

Phys. Rev. Lett. 115, 142301
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 The trigger increase 0-5% most central events by 40 times in p+Au
« The trigger increase 0-5% most central events by 10 times in 3He+Au
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Long range correlations in d+Au and p+p

Phys. Rev. Lett. 114, 192301 (2015)
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In pp, the distribution is
dominated by the dipole
term cos(A¢), which may
due to the momentum
conservation

“JIn dAu, the distribution
shows a near side peak

"IDi1jet contribution can’t
be taken out by
subtracting the conditional
yield of pp from dAu

_1Dijet contributions to c2
In dAu can be estimated
from c2 in pp
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Long range correlations in d+Au/*He+Au
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Correlation functions in central p+Au
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v, and v; in 0-5% SHe+Au: Event Plane Method
v{w. }= <cos[n(go—zyn)]>, n=123..,
030~ v, *He+Au v; *He+Au
- e W,i(-3.7<n<-3.1) v W,(-3.7<n<-3.1) BBC-S
025~ o W,:(-2.5<n<-1.5) s W, (-2.5<n<-1.5) FVTX-S
- = W, (-3.0<n<-1.0) 0 W, (-3.0<n<-1.0) FVTX-S
0.20|—
>Co.15:— a.ii'ii
: 2
0.10— &
B w
E f
0.05— o
= g ¢ @ § ¥ t 8 ? i %
.= ¥ A T B B
0.0 0.5 1.0 1.5 2.0 2.5 3.0
P, (GeV/c)
Event plane resolution estimated from correlation
of three independent sub-events 13




Estimation of Nonflow
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Estimation of Nonflow
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Nonflow Estimation in p+Au
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Jet contribution (estimated from p+p) rises with p+ and
reaches 25%; Cited as a systematic uncertainty

Working on evaluating different subtraction methods
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v, and v; in 0-5% SHe+Au
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Comparison with theory calculations
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Several models can reproduce the v,
measurements in d+Au and 3He+Au collisions
simultaneously
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Comparison with central p+Au at 200 GeV
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d The measured v, from central p+Au collisions is lower
than that of central d+Au and 3He+Au collisions
O Smaller initial geometry eccentricity = smaller v,
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V, in central p+Au/d+Au/*He+Au collisions
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V,lg, in central p+Au/d+Au/*He+Au collisions

._% 0.8 = P*Au200GeV0-5% Reproduced by
ON [ m d+Au200GeV 0-5% hydrodynamics!|
~.0.7 = ’He+Au 200GeV 0-5% m
> [ == SONIC p+Au slP’4
0.6~ == SONIC d+Au A PMJ
[ = SONIC ’He+Au . 7/%/
0.5 .
: T || U
04— . . —
C . — _—
03 s 5 8T T
n . n
0.2 >
- ~—
0.1 PH ENIX
- preliminary
0_ 1 1 | l | I | | l | I | l I | l I |

0.5 1 1.5 2 2.5 3 3.5
P, [GeVI/c]

From nucleon Glauber to quark Glauber ?
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v, of identified charged hadrons in central
d+Au/*He+Au collisions

Phys. Rev. Lett. 114, 192301 Central d+Au
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« Mass-ordering feature also observed in d/3He+Au

22




Number of Quark Scaling in central 3He+Au
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The familiar behavior of number of quark scaling observed in
Au+Au collisions is also seen in the small 3He+Au system 23



2016: d+Au Beam Energy Scan at RHIC
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Summary and Conclusions

The v, anisotropies of charged hadrons have been
measured in 0-5% central p+Au/d+Au and 3He+Au
collisions at 200 GeV via event plane method.
Sizable v, Is seen in central p+Au collisions, smaller
than in d+Au/3He+Au collisions

Mass ordering and quark-number scaling of v, of
Identified charged hadrons is seen in central in d+Au
and 3He+Au collisions

The comparison of v, In different systems, and
theoretical calculations, indicates that the initial
geometry plays an important role in the small
systems’ evolution
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