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BACKGROUND & MOTIVATION

Nuclear Modification Factor
32 « For photon, R, is consistant with 1
d*U

d2Npp * For hadrons, R,, shows supression at
_ dptdn . YA high pT
NCO”> *d d coll
pTan PHENIX Au+Au, \s,, =200 GeV, 0-10% most central
N . : Average number of binary collisions in a type of event m 2.2 fdirect y (PRL109, 152302) ¥ JAp 0-20% cent. (PRL98, 232301)
according to Glauber Model. 9 B §=° (PRL101, 232301) & w 0-20% cent. (PRC84, 044902)
¥n (PRC82, 011902) ¢ ez (PRC84, 044905)
. . . 1.8+ ¢ (PRC83, 024904) K* (PRC88, 024906)
This ratio teaches us how different a . gp (PRC88, 024906) :
heavy ion collision is from just 14l
considering it as a scaled p+p collision 1.2
0.8
] 0.6 i
(fm) Dzu‘r:) 0'4 B
0.2
600* ©——© ol

b = 6fm corresponds to N, = ~600 in Au+Au
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MOTIVATION

Nuclear modification factor for rt® in small systems

o p+Al 0-20%
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o p+Al 40-60%
L 0 p+Au, 40-60%
15l © d+Au, 4060%
[ ® ‘He+Au, 40-60%
Gt an 1, $
= gt gEE

o p+Al, 60-72%
L o peAu 60-84%
L o0 d+Au 60-88%
| # ‘He+Au, 60-88%

collisions

dpr
@ Ras(pPT) = dN.,
(Neo) 55—
coll P
Both d+Au and p+Au show large centrality
dependence.

At high py we observe suppression in central
events and enhancement in peripheral events.

» While formation of QGP could explain
suppression in central, there's no obvious

It explanation for the enhancement in peripheral

L (o)

I R

g 0 10 20
P; [GeVic]

10
P, [GeVic]

Phys.Rev.C 105 (2022) 064902
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Is the centrality dependence a physics effect
or an artifact of the way we determine

centrality itself?
Are events mis-binned in centrality?
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MOTIVATION

Theoretical prediction of
two extreme limits of small colliding systems

d+Au 200 GeV W.Ke & LVitev: arXiv:2204.00634
2.0 1 AN 0-20% 154 ; AN 0-20%
+ Al 40-60%) | ‘ 40-60%
< 154 LN | -+
’3(5 1.0 1-9 ..... 7 H
Y 1.0 4 #F ptesasec--cotee b«
@ 05 :
0.5 - CNM effects -+ CNM effects + QGP I
0 10 20 0 10 20
pr [GeV/c] pr [GeV/c]
e (Calculations with cold nuclear e (Calculations with cold and hot medium
matter effect only. effects that assume the QGP is described by

the hydrodynamic-based model.
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BIAS IN EVENT SELECTION

Is Glauber model valid for small systems?

SR T 1 o L 102
5t Glauber-MC i
dN,p Z 40015 % Pb-Pb y/5,,=2.76 TeV
dn — NCO”, _—===== Npﬂft _—=== b : ?af-FEll:i::‘ 103
e o - oy - 5%, =
Model /Theory Theory 300;““,:‘ \ .
A narrow range of 3 .
multiplicity (centrality | 200F-___. b
class) in A+A maps to a |
b narrow range of impact | 1oof- | 10°
parameters i |
c[)—l . Ié B 10°
e L T LR L AL LB O 102
B20000 Glauber-MC 4
3 | Pb-Pb 5= 2
N
=15000(
10000 i;:;'_l';';ll
L "l‘:;. :
soooF gl : 10°
.- :
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0/4/2024 New Trends in High-Energy and Low-x Physics - Sfantu N
Gheorghe, Romania part

PR C 91, 064905 (2015)



BIAS IN EVENT SELECTION

Is Glauber model valid for small systems?

dNew _ ~
d = Negyi  E===== Npart E===0b
n Model [Theory Theory
@]
Glaute
{‘\ to de
P ® —
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cribe small systems!

Npart

A narrow range of
multiplicity (centrality
class) in d+A maps to a
wide range of impact

parameters nﬂ

© Glauber-MC
'p-Pb ys,,=5.02 TeV

J 102

10°
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10°

Multiplicity

r model fails

400 ____
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BIAS IN EVENT SELECTION

BBC N_, mapped to N_,, with Glauber Model

PHENIX: PRC90(2014) 034902

.. . £10° d+Au @ 200 GeV
« Measure event activity (N,) in BBC on Au 5 o oma
going side N N | -
» Fit event activity to superposition of negative 107
binomial distributions for each nucleon- 1 L
nucleon collision - d+Au @ 200 GeV

» Select events in percentiles of event activity Neo>=264.35.87.59.311.313.415518.1

(0-5%, 5-10%, etc. ) for data & model
« Assign N_,, from model to data

5-10% — Ny = 15.5
107"

1072

T T TTTTT

10°

X
| | True central collisions

I‘ll l | I el |

1 11 1 11 1 1 A 1 LY l 1 1
Small forward activity 0 5 10 15 20 25 30 35

(Detected as peripheral)  New Trends in High-Energy and Low-x Physics - Sfan... Number of Binary Colligions
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BIAS IN EVENT SELECTION

Using direct photons to minimize event selection bias

- Because of the color-neutral property, Ny = o sE Fw-206ev
f' T | . " o 14 Au+Au, 0-92% {
redefined by pdiryield experimentally 5 ;j PP TIR S
2 0.6
O 04
dir 0.2
Y’Y (pT) 3 . —_—
Neai® (pr) = —258 o 31 Vo200 G
Y (pr) 14 E= AutAu, 0-5%
pp == 43 otedd 3 M }
e
M 8
T 04
. . . b
- Using the new N, , Rya, fOr m0is written o L
I ] {5, =200 GeV
as following e :
g . K1 HH{}_{
e S |
0 . _ 2 4 6 8 10 12 14 16 18 sz (Gzi'azwc)
0 _ Riancr _ d Au / B i Phys. Rev. L 109 (2012) 152302 T
‘dAu,EXP — dir dlr EXP 0
i) y ™
‘dAu,GL dAu / coll pp
9
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RESULTS AND DISCUSSIONS

pairand 10 vields from d+Au and p+p at 200 GeV

“.“_l = | I | I "3 ‘}’_‘ LU I | I -
O = dir . A 8 0 i
> - B, L i > [ af - I
8 - 4@ d+Au 1 8 107 E o * ﬁ d+Au 3
BT [ G b ', ® 00-05% 3 T SN g ® 00-05% ]
Z|© F u_38 0 0510% 7 Z|o S 0 05-10% 1
old | 7R " 1020% ] olg ", ® 8 " 1020% |
e i, Y 020-40% - T ", T w 020-40%  —
a 10k L™ 0 40-60% | a 5 = o 40-60% 3
e E v 2 . oc088% = e - v B +6088% ]
oV B v i =1 Al B n |
: - : 107 ot E
-10 | i | - A s
B g v - N v s i i
. u ] 107°F ® ¥ =
107 ,
E Y p+p = Y p+p
i 4 d+Au 0-100% 7 B A d+Au 0-100% ]
1 I 1 1 | I | 1 | I 1 1 1 I L 1 1 | 1 L 1 L 1 I Il 1 L l L 1 | J 1 'l L l L 1
8 10 12 14 16 8 10 12 14 16
P, [GeV/c] P, [GeV/c]
« pdifrom d+Au in different centralities « m°from d+Au in different centralities
« d+Au min. bias data 2003: » Consistent with 2008 d+Au data
PHENIX:PRC87(2013)54907 * d+Au min. bias data: PHENIX:PRC(2022)64902
« p+p data: PHENIX:PRD86(2012)72008 * p+p data: PHENIX:PRC(2022)64902
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RESULTS AND DISCUSSIONS

Ratio of pydir/ 0

0

F':O-GI_I L e Ol_: 0.6l_' I '
= - d+Au Vs = 200 GeV, |y|<0.35 ] = - d+Au Vs = 200 GeV, |y|<0.35 :
0.5 N 0.5 ® d+Au00-05% -
i ) [ o d+Au 05-10% .
- A d+Au 0-100% . - = d+Au 10-20% ]
0.4 ] 0.4 o d+Au20-40% |
! y [ o d+Au 40-60% ]
- T + ] [ d+A3 60-88% [
0.3 - 0.3 1 -
0.2 . ' - 0.2f i g
i |‘f‘ ] [ gi '
[ A% ] i
o1 ¢ k 0.1 ) e
0: PR IR S U ST ST T T T ST S Y SR ] 0; PR IS R UN TN N N NN SN S NN A NN S S ]
8 10 12 14 16 8 10 12 14 16
P, (GeV/c) P, (GeV/c)
* p+p and d+Au are on top of each other « All centralities are consistent except the most
central events
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RESULTS AND DISCUSSIONS

Evaluating bias in N, from Glauber Model

%Z=8 11‘?;_' = NSOL" =7.610.4 (a) _§ J = B T T T RN R | T ]
E __ \EXP ik E 53 ]
10F — Naoi =7.6£0.2¢1.2 . y Z 10F E
g ; l E NEXP () — YdAu () a% F + .
-*— * 1 coll p dlr X O B E
7E 19 ? f & y (pT) L“ZO1 N .
6F o 0- 100% d+Au \(s? =200 GeV E : i : -
o _35F 3 % iniitiicieticheic i i i ki =
. 3l " by : - ]
5.52030;_ NC = 18.1+1.2 ( : ) 9: + FT—' + :
E — NO = 17.3+0.7+2.8 3 s I C
= - Visible trend can be i :
fz _“HﬁL geesg=s {' _____ = seen 0.8 d+Au \'s,, = 200 GeV .
o 05% -+ Good agreement in S TN AT N~
o T green 0 2 4 6 8 1012 14 1A 18
B8 gf - NG =32:0.2 (c) : central collisions N EXP
< F ] 5 5 .
sf — MOV =37:0.2:06 | E 15% deviation in
4 + + :  periheral collisions
N N EEEL EEETE Bias in event selections based
s 0160-881% . . 1 ] _t t _t d t
e e on event activity measured a
. P, [GeVic] forward rapidity!
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RESULTS AND DISCUSSIONS

Redefine Ry, for mo

70
0 dAu _ dAu/
dAll.EXP T EXP ,H-O o dir dir
¥ ’}( r}/
Nean YPP YdAu / Ypp

In central collisions (0-5%), about 20%
suppression of the m° yield

In peripheral collisions, consistent with
d+Au min. bias
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o J =
ﬁ1'2-_ (d) E
-3 1k {-éH N I .
Hosft ? } } -
0.6F .
0.4F ® 0-100% d+Au \s,,=200 GeV -
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o ——t t t t -
EI<:_}1.25— (e) _E
% 15_ =
K 0.8 j—*-%;% I ; { + 5
0.6 =
0.4f ® 0-5% i e
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I DS
il 0 ;
3 1k I [ -
%S e
o 0.8f * I } =
0.6F .
0.4F ¢ 60-88% .
0.2F — (RY, ) =0.94£0.05+0.16 -
O ......................
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RESULTS AND DISCUSSIONS

Redefined Ry, for 10 vs. N_,,FXP

* N_.,FXP <4 (60%-88% centrality) ~

RdAu exp(60 — 88%)
RdAuExp(O —100%)

* N_,FXP >14 (top 10% centrality)

dAu gxp(0 — 5%)
RdAu gxp(0 —100%)

= 0.806 = 0.042
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SUMMARY

SUMMARY

 First evidence for significant up to 20% final state suppression of high
pT 0 (7.5 to 18 GeV/c) in central 0-5% d+Au collisions

* Previously observed enhancement of it%in peripheral events due to an
event selection bias

« Using N_,,FXP to resolve ambiguity between final state and CNM
effects — event selection bias inherent to Glauber model approach

* Future analysis in p+Au and He+Au system will provide more
clarification. Comparing the three systems, with gradually increasing
the size, should differentiate between additional bias in centrality
determination (predicting decreasing suppression for larger systems)
and some unexpected medium effect (causing increasing suppression
for larger systems)
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BIAS IN EVENT SELECTION

Is Glauber model valid for small systems?

Impact parameter b Nyart N,

Rt e (Theoretical) (Theoretical) (Observable)

10?2 ———— T 102

= I AR § " Glauber-MC § [ GlauberMC
- ------ TB — z 15-Pb |5 = 5.02 TeV 2400?-.51:::.“l71Pb-Pb VSan = 2.76 TeV
10° 'E'L"'-% . 10%
a) Side View b) Beam-line View ad 200p o
* Analyzing the 0-20% centrality bin in N | -
Pb+Pb is equivalent to studying the class : -
of events with average impact parameter T 100
of 3fm with a very small variance. &
= T T . . T 2 O
* Analyzing the 0-20% centrality bin in p+Pbz [ Saeecie, F ot st vl =
is also equivalent to studying the class of = | - - : T 0 O
events with average impact parameter of T <
3fm but with a large variance. T "’“g
« This difference implies that we cannot =1 0 o
draw equivalent physics conclusions about | et "1 o

central p+Pb and Pb+Pb gvents o

o w1 ) e N
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BIAS IN EVENT SELECTION

Using direct photons to minimize event selection bias

PYTHIA, p+p s =200 GeV

PYTHIA, p+p (s = 200 GeV

PYTH IA8 SimUIation USing "UE) = All Dominant Sub-dominant "g | All Dominant Sub-dominant
the Detroit tune 3 Loreoe cam e g [ o ewm oo
ho] 10_3 | Y(x0.1) © © gg2qgamma O qgbar2ggamma 8 10 T y*(x0.1) o O gg2qgamma O gqgbar2ggamma
8T 8 L
 For both ydr and n9, the == = = g " ..
dominant source is quark- 2 ool . 2 iy
gluon scattering s TR« 2%
— 0%—0O_‘}§—#4} 100 g ‘::%r
. ol C{}%}# B 4_;8‘3 - '
« The fraction of the 10 K oo 98 $
- i 1o 100+ %o, 8%,
dominant source to all is B e W e
about the same for ydir and 1012 - o - oy
o, independent of pr and j | | 10700 | 4 oo ]
dNCh/dn by BBC ol_: ax Al o Dominant | -e- ol:’ 41 o Al 4 Dominant
0.5 L i R R = of ’
T ettt T = tiﬁé
0 L . \ . 0 [ ++‘7‘#‘t !
0 5 10 15 20 0 10 20 30
(dN,/dn )BBC p, [GeVic]

Direct photon production is proportional to the production of high p; ® and is
independent of the underlying event multiplicity.
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