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Introduction

« The PHENIX experiment pioneered measure-

ments of nuclear modification factor Rag(p:) < ‘

of 70 and ~, providing strong evidence of the ) Vs S\
formation of Quark-Gluon Plasma (QGP) \ﬁ { Q\ © /“
« In small systems high pr neutral hadrons are L man

seen to be suppressed in central events , while | |

enhanced in peripheral events. T~
» We study high pr 79" and 7° production P H E N I X

in d+Au collisions to prove that biases in

centrality determination using the standard 3/4(PbSC): lead-scintillator sandwich
Glauber model can be corrected by defining sampling calorimeter, 1/4(PbGl): lead
binary collisions using high pt real photons. glass homogenous Cherenkov radiator.
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PHENIX Experiment at RHIC

The PHENIX experiment at RHIC (BNL) ___amp
took data 2000-2016 with various ion Mgty '
beams and collision energies. The primary s Expariton

goal of the PHENIX Electromagnetic ~  sdcnem
Calorimeter (EMCal) is to identify photons ~ orecreez- N5
and electrons and measure their energy —‘ ]W . _ . .
and position of impact on the surface | L &V STl |
of the EMCal and to search for new DR e [CenTRAL MaGHET]
phenomena such as the quark-gluon 1 g S
plasma in heavy ion collisions. It is also \_ Ehmma;ﬁfm‘fqm 3
contributes to particle identification (PID). eermster

3D PHENIX detector
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~v9"and 7° Invariant Yields and Nuclear Modification Factor

- Invariant yield of 7%s is measured at || < 0.35 s "o
from the 7% — ~v decay channel. |

 Invariant yield of direct ys at |5)| < 0.35 obtained | % | "

PHENIX MC simulatio |
YHll IX MC simulation

by subtracting decay v from inclusive photons and (.. (.

. . . . from n° from vbj
correcting with simulation at /s = 200 GeV. o T ) | S
. Hi dir g it { ...u. T TR

ngh PT i generated durlng initial hard g bt RdAu,EXP of 0 and ydir for all centrality with their first
scattering are colorless and less affected by the ‘ orcer polynomial it functon.
surrounding medium (see the figure). Using them W’H‘"“ T
helps measure N0y Without bias. .
- The ratio 2, shows how 7° centrality dependence
might result from N.oi determination bias across With RAB(pT) <1, direct photonis

. transparent to the QGP. -3
Centralltles' T

p,(Gevi)

Nour JA - 21th Lomonosov Conference | Introduction and the PHENIX Experiment - 4/12




70 in small system collisions

T

Run Number | #°(MB) | #° (Centrality) | direct v (MB) | direct ~ (Centrality)
Rund v - - x
Runs s - x x
Runl6 v v - v
AL 0-20% PHENIX « Al 20-40%
P+AU. 0-20% 7% Il = 0.35 = pP+Au, 20-40%
d+Au, 0-20% YSun = 200 GeVv «  d+Au, 20-40%

“Ho+Au. 0 20%

“Heo+Au. 20 40%

i 1] g+ i 1]
W # | t
| 1 1 L L
AL 40 B0%. PPy Npp——
eAv, 20-80% - peAu, 60
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[ - “HoiAu. 50-88%
-l

sttt §§ 3 T N

0
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« PHENIX collected d+Au collision data
at /s = 200 GeV during three runs: 2003
(Run3), 2008 (Run&8), and 2016 (Runle6).
« The analysis notes published with
the data grouped into 4 centrality
classes ([0-20]%, [20-40]%0, [40-60]%0,
[60-8896]), also the results published
with categorization into 6 centrality
classes ([0-5]26, [5-10]%0, [10-20]%0,
[20-40]%26, [40-60]2%6, [60-8890]).

- PHENIX findings reveal distinct
suppression in the R_AB of 110 at
varying centralities for p+Au, d+Au, and
He+Au collisions at high pT.

= While these outcomes align with the
notion of QGP droplet formation in
small systems, comprehending the
enhancement present in peripheral
collisions demands deeper
consideration.
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QGP Evidence and Importance

* Energy loss of partons

in the QGP is revealed by
high-momentum particles
using hard parton scattering.
At low pr, the QGP’s cooling
and expansion manifests itself
in azimuthal asymmetry of
produced hadrons.

- Particles emitted at the end of
a collision provide information
on the QGP, temperatures, and
initial conditions.

QGP Journey :
Probing phase

transitions

hard scattering,
and hadronization .

potential

Evidence for QGP Droplets in small

Systems (p+Au, d+Au, He+Au)

LARAMAARRAR MAAL: BARAD: T
=200GeV0-5%  (a) F deAu |5, =200 GeV 0.5% () E “HerAu |3, =200 GeV 0.5%  (c)
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Thermalization oGP Hadronization  Hadron Gas  Freeze Out

Initial State

o~

time

’
QGP evolution with time

Vo 1 p+Au < d+Au = 3He+Au, v3 : p+Au ~ d+Au < 3He+Au
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Centrality Determination and
Correcting Biases
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Centrality Concept

The event is defined by the
overlap area, centrality(0-
100%) quantifies the overlap,
which dictates the partici-
pating nuclei count (Npqrt)
and collisions (N.,). These
aspects shape the QGP size
and event multiplicity. The
overlap’s orientation im-
portant because it govern
the angular distribution of
underlying event particles.

Two colliding nuclei with small and large impact  depiction of how the geometry of collision affects
parameters . The nucleons in red are the the momentum anisotropy of final state particles
participants and those in grey are the spectators «

— <

| P 1 O
® 2:%5 A I
- p o

- The most central events are suppr;ssed (1)
and peripheral events are enhanced (>1)

€Xe

- (-
—_— < O

Initial geometry of collision leads to spatial anisotropy
which translates to momentum anisotropy of final state

particles Table of Glaubermean Ncoll and Npart
N values for all centralities
q P %Centrality | (Neo) ‘ (Nyart)
0% 30% Q
N -
Eris E/ | 0% - 20% | 1510+ 1.1 | 15.6 + 0.9
A4y | 20% - 40% | 10.31£0.7 | 11.1 £ 0.6
60% 909% ; 60% | 6.65+0.5 | 7.7+0.4
: % - 88% | 321404 | 42403
o | 759+05 | 91404
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Standard Glauber model and normalizing with 9"

obtained in d+Au collisions over p+p
collisions. Percentage difference
between Nglaubercoll and NExpcoll-

* Au+Au: Clear centrality dependence. ¢ * I .
The centrality dependence of 70 is I et (N =
from final state effect. s
. [ Determination of Ncoll | |
- d+Au: First order, NO clear o by using Glauber Model
. . P 1 is biased specifically for _;:
centrality dependence. The centrality ) . |[peripheralevents. Lt
dependence of 7% is from bias in }(\,,,“,m N[ NET ] S
determination of NCOll in different \ 18.115 + 1.200 | 17.266 % 0.733 } 3131:3:3 153?3255
S | 15.501 +1.000 | 15.110 +0.703 |
centrallty S. 13.397 £ 0.900 | 12.941 £ 0.516 |
3 ... . . . 10.310 +0.700 | 10.476 +0.361 |
L] 7 6.650 £ 0.400 7.168 £ 0.289
NEXPCO“ IS dIVIdmg the invariant yIEld 60-88% :;.zl:un.zn:| :5.7114;0.11.17.5 }
\
|

0-100% 7.590 £0.400 | 7.702 £ 0.192 L
618
p, (Gevic]

Glauber Model Approach Mapping Forward
Charged Particles to Event's Binary Collisions.
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Correcting Biases with Color-Free Photon Production

0

o RT

dauexp DOES not show
any improvement in
peripheral collisions after

. . 41 f - Observed enhancement in peripheral
bias correction. I collisions is an artifact of bias in the Ncoll
. . @ @ determination using Glauber model for

* The correcting Centrality

- Observed supression in central collisions
remains even after correcting for bias in
Ncoll determination.

small systems

Biases via Photon-Based | |, G711, o A ipververes—
Binary Collisions N&F = 1*;,-5. 1T fooEr wE L o G coins mony |
+ To determine whether the T T
observed suppression is an | ) ) ) 1

initial or final state effect, e~ g% = (R - R T L1
one must understand the N R R R R R R RN

AN,y /dnl

mechanism of 7° and 49",
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Insights and Future Directions
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Bias from the Glauber model is evaluated using ~,;,

+ determine scallng factor s : 3 %25112;__ & 70504 @) 2
(Ncoy) from the de,?. ‘ e 10, — & ~7ot02:12 |
= ¢
* Independent of pT for 7.5 to f S 'y ; 1
3 = BE o 0-100% d+Au {5,=200 GeV =
18 GeV/c. I [P S e
- Good agreement in central % I NS '
. . - 25F - " &
collisions within 5%, 15% G 20f 33 .1
deviation in peripheral LR
o FESaGon ot W clor beurtl rOpae, Mo 10f 3 0% 3
collisions. re— %% of-- n - 3202 ©
- Bias in event selection: | = —Er-s702:08
Event activity reduced in as Tohowing ot T 07 = B e :
presence of hard scattering. ‘ L 3 4 e08% 3
Rfzxe = 20t Mol _ Yo, g8 10 12 14 16
Rinan  Yin/? . i p, [GeV/c]
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Nuclear Modification Factor (Rya,) of 7° and

= d+Au Vs = 200GeV | ni<0.35 d+Au Vs = 200GeV , ni<0.35 d+Au ¥s = 200GeV | ni<0.35
A Y E o5 -1 ] = - o Ee  There is a clear
oc 1S — Fit Value : 0.745 = 0.034 Fit Value : 0.812 = 0.040 [ —— Fit Value - 0.891= 0.037
W - centrality based
tod & 1 + E F o 1 orderingin both ™ 0 and
e direct y.
o5 o5 os =
o The most central
e e e I T L e ]
(=< 1) and peripheral
& [ avac ve = 200Gev 538 &  ovau ve = 200GV | 035 & 2 avau % = 200GV 038 events are enhanced
.2 - 20-40% 2 e 40-80% . 2 - &0-s88% (=1).
oo rspe Fit Value : 0.916 = 0,033 | GC1SE — Fat value : 0.952 = 0.040 7 1SF — Fit value : 0.939 = 0.0a6 e In central events, the
+ 2| m 3 - W+ i - - i suppressionofmtOs
- T o | i z B seem to be higher than
osf @ 1 3 osf 1 those of direct
Y-
B R R T VeI T ie 5 55 7z 74 e s = In most peripheral
. events, the degree
enhancementoftOs
& d+Au Vs = 200GeV . ni<0.35 matches that of direct
2 e 00 - 100% - -
&5l vaise - 0.925 = 0.024 By using experimental Rno Y-
. e - d.Aw < In the given p T range
. Hﬁq_g_@_ Ncoll.Deriving unbiased [7-5 - 18] GeV, to first
b ] E‘ ] o e e - _ order, both the @t 0 and
4 e RE}AN.(,‘I_ Yiaw/ Yop YFau/Yi4.) v RdAuappear
o AN RGru,cr Yoau/ Yop) Y/ Yop) to be flat.
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Conclusion & Future Directions

- Using direct photons to determine Ny bias in the Glauber
model for peripheral events.

- Experimentally determined Ny with high pr ~9". 5

- Further insight on the centrality bias’s origin will be provided ’ 7 .,,.,.,

by further study of the p+Au and 3He+Au systems. '_ I ,
- Indications that most central Rgf\u is suppressed. R @fﬂ_} .‘
- 49" are used to normalize Ry, of 7°. z P S —
- Suppression in the extreme central events is around 15%. 52:2: i ++ ]

0.7 d+Au /s, =200 GeV R
[ 75<p <18GeVic

- Models examining the initial state effect on the production of
7% and 9" will shine light on the origin of the observed ST T
suppression. "

coll
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