Disentangling centrality bias and final-state effects in the production of
¥ using direct photons in d+Au collisions at 200 GeV

Daniel Firak (for the PHENIX collaboration) - Stony Brook University

Outline:

Nuclear modification factor

« Event activity and bias in event selection

- Results from PHENIX run 2016 d+Au: NEXP

* Nuclear modification factor in d+Au (PHENIX: arXiv:2303.12899)

WWND39

’\/——
Th th Wi ksh D i
‘\\\\ Stony Brook Uifivansity e 39t Winter Workshop on Nuclear Dynamics PH >>X<< E NIX



N
Nuclear modification factor: R%, PHXENIX
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Nuclear modification factor in small systems
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- Final state effect? * No physical explanation
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Nuclear modification factor in d+Au
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How is centrality determined in PHENIX?

- Centrality is determined by charge deposition “u, R
in the BBC, on the Au going direction e
dNCh ZDC South 5’ ZDC North
p = NCOll ?::::? Npart === ) uml MulD
n Model/Theory Theory |||||| A
dN a . Y ou . . o
« N&b (—C") : Not directly measurable! WOllL  Somh  SidoView  Torth .
dn 185m= 60t
» Obtained through Glauber model
E"]" d+Au @ 200 GeV
E © Data
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Glauber model in A+A
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Glauber model in d+A ?

Glauber picture:
I. Smaller b, larger Ny, zi
dN
Il. Larger Nyq,, larger —<=
. Nygree NG
b(fm)
Is this still true?
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Glauber model in d+A

Model/Theory

Theory
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l. Smaller b, larger N,
dN .

dan

Il. Larger Ny, larger

1. N NEE,

Glauber model fails to
describe small systems!

N&L. is biased!
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Glauber model in d+A !
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* Glauber-MC
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A narrow range of multiplicity
(centrality class) in d+A maps
to a wide range of impact

Multiplicity

200

- Glauber-MC
~ p-Pb s,=5.02 TeV

parameters

Daniel Firak

’Y‘
PH-<ENIX

j 10?2




Glauber model in d+A !

d & NCOll === Npart === )
T Model/Theory theory  Glauber-picture:
1¢ I. Smaller b, larger N
- d+Au @ 200 GeV ,ars pcg;
: =2643587.59.311.313.4155 18, h
: Noo>=2643587.59311313.415518.1 |0 || Larger Npare, larger d;
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Glauber model fails to
describe small systems!
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A narrow range of impact
0 s 0 s 20 25 30 35 parameters in d+A maps to a
Number of Binary Collisions wide range of multiplicity

0-5%, 5-10%, 10-20% ,..., 70-88% (centrality class)
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There IS centrality bias in small PH._ENIX
systems!

p—
Q ~—
T R (@)
soft EE 6 — PH //\\ENIX
.. g FEEEEEEESEEEEEEEENEEEEEEEEEEEEEEEEEEEN
o O | "--..
T sl
o | * ¢ *
|| o o
l ] True central collisions =
! . c 4
Sma”forwardaCtIVIty U EEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEN L]
(Detected as peripheral) &)
m |
‘2106 ) R Prres m
g h"‘:m"-.5’"""f"-ﬁl‘;:;:‘:‘:j:'zia'.::-,'-.‘-ﬁ;-.':::':v.-.».... Y - | PHENIX Data PP ©@ 200 GeV
5
O 1 0 _ ‘-»‘*,«, P
g iii 21| ssss=s p+pinclusive (42 mb)
02 oF ™~ |
‘T t - «usuws p+p with particle p >1.5 GeV/c
3| Q@ Q 4RRRR T
10° ta O g |
) 20 40 60 80 100 120 140 | ¢ pepwithmatgivenp,
BBC Charge (Au-going Direction) | | |
Think conservation of energy: more midrapidity, less forwards/backwards ng 5 10 15 20
‘ . . PT [GeV/c]
Stony Brook University .
Daniel Firak 11



dir

| A
0

1.2 E_Au*Au Minimum Bias\[s,,=200GeV

0.8
0.6
0.4
0.2

M Rya

. T TIT LTI . . {

= AutAu 0-10%\s,,=200GeV

0.8
0.6
0.4
0.2

MO Rpp

+Au 80-92%\(5,,,=200GeV

e 9o ¢
P

‘V\/—
PH ENIX

ol
)

™ Rya
o -
[-"J 1)
e LLR) LA LA L LRI LAY LAY L L
' >
. .% = .

:E :

=3

1

i

- 1
TR

'

.
[
H|_|

1

:

1
——
——

i

1

|

1

1

1

1

1

1

1

|

1

1

1

1

1

2 4 6 8 10 12 14 18

P, (GeVic)

n¥s are affected by final state effects
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: An observable of centrality bias
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y%7s are NOT affected by final state effects
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An observable of centrality bias
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ydir PH.ENIX
: An observable of centrality bias :
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ydir . . P%NIX
—5 An observable of centrality bias

EL ; I I I I g C}I LA | | | | | ]
o o *Gag S L - 0 0-5% 3
O 10"+ 420 0 5-10% ERNO E v 0 5 5-10% ]
= RS 0 10-20% 3 = oy YA . 1020% 3
S v, B 02040% 4 > o v ', 8 20-40¢% g
Z|T . i 8| ’ ] 0 | 3k
N PN ¥ e 0 40-60:1% NZ -OI—10 = » . o 40-60% 5 sl d:'é9190%
OIg 107 Ty 1 60-88% 5 “pla”  E v ) 60-88% 1 O sU g
- v A ] IO N : i - 520 "
= C . ] - 03[ ©40-60% b
- Q L v ! _ Q 10-9 L v ¢ _ i ;SEpBSA) . ‘
(I;-l' 107" &= ' - e S 5 E 02} ]
g . = 1IN - v . z . T % % g E
- § - 0-100% i Xi
- 0'1000/ 4 . =10 [ - — Ul A d+Au 0-100% ]
107 PH-"ENIX - : PHENIX & o poesx
PR TR T S NN SR SR SR S TR T SR N S SUNT U SN SN R PR [N W R TN (NS TN TN TN AN SN T N AT ST SO S SN W'
§ 10 12 14 16 § 10 12 14 16 Pr (Gl
p. [GeV/c] P [GeV/c]
High pr y4" and ©° (7.5 < p; < 18 GeV/c)
- y47 consistent with 2003 min bias data (PHENIX: PRC87(2013)54907)
- 1% consistent with 2008 data (PHENIX:PRC(2022)64902)
\ ; :
‘\\\\ Stony Brook University L
Daniel Firak 15



ydir . . P%NIX
: An observable of centrality bias
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Direct photons to the rescue!

§2'4 | PHENIX Au+Au, |s,, =200 GeV, 0-10% most central
2.2 fidirect y (PRL109, 152302) § J/y 0-20% cent. (PRL98, 232301)
2 i #=° (PRL101, 232301) § w 0-20% cent. (PRC84, 044902)
A i (PRC82, 011902) § e (PRC84, 044905)

1.8 ¥ ¢ (PRC83, 024904) { K* (PRC88, 024906)
1.6 I #p (PRC88, 024906) ~—

or PH-<ENIX
1.4
1.2F

SIS . I I l ..... l .........................
0-8 B D I
0.6 ;
0.4 I .
0-2 8 . » :

...................................

2468101214161820
p(Gerc)

’Y_
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Suppressed by QGP

Not affected by QGP

 Unlike color charged matter, direct photons are unaffected by QGP.
» y%" can be used as an unbiased direct measure of event activity
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PH ENIX
Direct measurement of the N, "

be used as a measure of N_,;;:

directyR,,
0000 =222 0000 =3 0000 ol
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dir Y/p (pr o Au+Au, 0-92% {
RlllB (pr) = ydir ~ 1 _3' .....I..Qi_. ® ° }
NCOll ’ Ypp (pT) 8 }
© (a)

g: syn =200 GeV :g

- The ratio of dir hoton yi n = AutAu, 0-5% =
e ratio of direct photon yields ca TR TINE S -

HI|I|I| |I|I|I
—_—
(=3
[~ —
—e—i

ydir
gxp _ V4B (or)

;: syn=200 GeV :%
Neow = deir D:§ = AurAu, 60-52% =
D O0E ’ﬂ }H N =
$0E (o) PH.CENIX =
T2 4 s 8 10 12 14 16 18 20 22
p. (GeV/c)
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Comparison with

3 ~— E
X 812§ -- N5, =7.6:04 PH.'ENIX
Z 1F Exp E

10:__ NCOII =7.6£0.2+1.2 3
oF l—
7_ ?1' =
6 o 0-100% d+Au |5,,=200 GeV
%=35;_ : . : : -

3 - N =18.141.2

Lo :
osf. ™ Nooi =17.3£0.7+2.8 E
20E 44 b
N L b
10F © 0-5% =

o_ E-w---.w-ir--l'i E

58 gk -~ N =3.2+0.2 _-

Z - EXP _ ]
b — N =3.7£0.2:06 ;

- ¢
4t }T{ | | s
T
- ¢ 60-88%
8 10 12 14 16
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Glauber N, ;;

* Good agreement between

NEXP

Coll —

dir
)/B (pT)

dir

y (pr)

NEXP

cou and N

oll is

seen in central collisions

« 15% deviation is seen in peripheral collisions
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l\ICoII /N

Coll

1

LA LA LI LI L LI I LI B LA

iR

1

N g
0.9F -
0.8  d+Au s, =200 GeV -
02 4 6 81012 14 16 18
NCoII
Peripheral > Central
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Nuclear modification factor for ° in d+Au™ "
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. — (R” y=0.92+0.02+0.15

4 B qu,EXP
0-4F gexR"™ JHEP 04, 055)
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0 ; pp
R (py) = Yi5 (or) (Ydlr/ﬂo)
AB,exp T Ngg(llp . anl-jo (pT) (ydl‘l"/n-())AB

* Minimum bias (0-100%):
* No significant p; dependence
* Average:

<jou,exp> =0.92 +0.02 + 0.15

0.of — mandywithEPS0g ~ PHENIX
" [ — wEPS09, y pp PDF only « Consistent with unity
Ob—L vttt 1 * Consistent with 5% enhancement
8 10 12 14 16 from CNM effects*
p_ [GeV/c]
i *Arleo et al.: CNM effects largely
\ cancel in the y%" /7% in this p; range
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Nuclear modification factor for 7° in d+Au’ " ENX

g YAB (pr) (Vdir/ ﬂo)pp
RAB,exp(pT) NgoXlIlJ Y”O (PT) = (ydir /7r0)AB
al M I I" ] | ]
i :
- < 1E ) } """""""""""" ! —~  * Peripheral collisions are
E o - t - . e )
Y 0.8F { 3 consistent with inclusive
06E - * No peripheral enhancement
0.4 ¢ 60-88% —
0.25— <RdAu EXP> 0.94+0.05+£0.16 —
08 90 12 14
P_ [GeV/c]
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Nuclear modification factor for ° in d+Au™ "

0
YA“E (pr)
NEXP

0
RgB,exp (pT ) —

’Y_
<ENIX

(ydir/no)pp

Coll

= .
. anpo (pT) (yle/TL-O)AB

o [ -
X< 1.2 —
- Central collisions (0-5%) are R -
consistent with >20% S Ok I -200%
suppression X 0.8 o % 4 —
« No enhancement - ! T m
* Clear su ion! 0.6F -
ppression! - .
0.4F ® 0-5% i =
- pm _ =
0.2E { R iauexp ) =0.75+0.03+0.1 :
8 10 12 14 16

P_ [GeV/c]
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Nuclear modification factor for " in d+Au

Average Rg,?lu,exp vs Néoil Peripheral > Central
. For NoP < 14: —~ B B B B L e AL A e
’ O [  Noenhancement Y =n i
. < PH.ENIX
Rt op (60 — 88%) N RS SR + --------------------------- .
R0 o0 1.017 + 0.56 ER: ; % ] -
dAu,ex _ Q B 1 }
+ Consistent wﬁth inclusive d+Au I=5£-009:— + 0 to 5% —:
- Suppression for N_ &' > 14. ~ - | .
0.8+ Suppression 2> + + —
Risexn (0 = 5%) _ 0.806 + 0.042 : g = :
RgZu,exp(O —100%) o - 07:— d+AU SNN — 200 GeV —:
20% suppression with 4.5¢ 0.6L 7.5<p_ <18 GeVic -
significance in central d+Au collisions B S T P P SR B I I S I

at 200GeV! 0 2 4 6 8 1012 14 16 18
NEXP

‘ coll
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Summary

- New method of obtaining N&P

 Ratio of y¢ in d+Au to p+p
* No dependence in Glauber model

* No longer enhancement of peripheral events: F=
selection bias

,EXP )

IIlIIII

1
0.9
0.8

dAu

+ 0 t(l) 5%
Suppression > + +

d+Au \/s . =200 GeV
7.5< P, < 18 GeV/c

(R

« Evidence of suppression (20%!) of high py (7.5
to 18 GeV/c) ns in central 0-5% d+Au collisions
at 200 GeV 0.7

I]IIII]IIII]IIII]I

0.6

 Further investigations: T T D D I B
«  Ordering of other small systems: 4 6 8 1012 14 16 18
p+Au <’ d+Au <’ 3He+Au (?) NEXP

* Reduction of systematic uncertainties from p+p coll
dataset

o
N
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Data analysis

The 2016 dataset for d+Au at 200 GeV is used

- 1% reconstructed from y clusters on the EMCal
- Triggered on high p; range. Analysis done for y and
% on pr > 7.5 GeV
Analysis chain:
 Reconstructed Raw n° from y showers (7° - yy)
- Raw spectra is unfolded to obtain Invariant =°
. % ratio used to obtain invariant n yield
« Model ° and n decay in PHENIX to obtain y®ecay

« Subtraction of decay from inclusive raw y to obtain
Raw yle

« Unfolding Raw y%" to obtain Invariant y 2"

Systematic uncertainties
« ~12% on ® and y %"
* 6% on y4" /0

* Uncertainties on y#" /0 are common to all
centralities

‘\\\\ Stony Brook University
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Raw ydecay

Unfolding
Invariant n/m°  Invariantn
0 yield yield
| PHENIX MC simulation |
Raw yiﬁmy Raw yflecay
| o |

Inclusive - Decay

. Unfolding| Invariant
dir ;
Raw y —{ .ydrr yield }
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PH ENIX
Bias in Centrality determination "

Charge distribution in BBC
i (South, gold going direction)

Soft

. S Hard
central S,

[ ]
° central

Small forward
multiplicity

Soft
peripheral

Large forward
multiplicity

{ J

Similar forward multiplicity : 40 60 BO 100 120 140
BBC Charge South

 Since the event activity is measured < This can drive central events to
in the forward region of the detector, appear as peripheral, explaining a
a hard event (think jets) can deplete source of “peripheral enhancement”
the forward activity, and would have a  at high pT
high pT event on the central detectors
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y .. . PHUENIX
—-+ An observable of centrality bias

RATIO Centrality dependent: direct photons
are not affected - centrality

Corrected direct y dependence in ° is genuine physics

spectrum (centrality
independent)

Corrected r°

spectrum (centrality
dependent) Centrality Independent: affects direct

> photons - bias on centrality
determination affecting m's

‘\\\‘ Stony Brook University
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Event activity to centrality

‘\\\\ Stony Brook University

L T 102
§ =,  Glauber-MC i
Z 4005 Pb-Pb |s,,=2.76 TeV ]
Y 10°
300 e -
] W] ]
3 L 1=10*
200p= =— -I- -;-l -
L \ '|:‘..
100[- I I‘ Wb 10°
L I| I ! o 6
0 : 10
> [T 102
:§20000-— Glauber-MC 4
S [ Pb-Pbys,=276Tev 1 | |
3 I 4 o 10°
= 15000 8 i A
; ¥, 1 4o
10000 — — — & = 13"
50007 i 10°%
o 6
0 10

Red axis: theory / model calculations
Blue axis: experimentally measurable

* Centrality is determined by event activity in

the BBC, on the Au going direction
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* A 0-20% centrality Pb+Pb collision is

equivalent to an impact parameter of 3
fm, with small variance

Daniel Firak 29



Event activity to centrality PH “ENIX

.............. 107 * Centrality is determined by event activity in
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the BBC, on the Au going direction
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* A 0-20% centrality p+Pb collision is equivalent
to an impact parameter of 3 fm, with large

variance

Red axis: theory / model calculations
Blue axis: experimentally measurable
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« 15% deviation is seen in peripheral collisions
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The uncertainties are
highly correlated, so
even though the
points seem
consistent with GL
within uncertainty
(grey band), the
consistent decreasing
trend is good
evidence of deviation
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Nuclear modification factor in d+Au
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« For high p; % in small systems, large centrality

dependence is observed:
» Suppression for central events

d+Au 200 GeV W.Ke & L.Vitev: arXiv:2204.00634
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Q3 10 A T ‘
0 1.0 1 T — : -
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Suppression for the central events could be
explained with QGP formation. Enhancement cannot
be trivially explained from physical arguments.
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Glauber Bias
Pp cross section
Centrality bias

Model dependent
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