A

Stony Brook
University

Direct Photon Flow In

Au+Au Collisions at
PHENIX

Michael Giles
On behalf of the PHENIX Collaboration

PH--ENIX

Michael Giles, PIC 2023



Introduction: Direct Photons
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Prompt photons QGP Hadron Gas
(and pre-equilibrium photons)

s Photons leave the medium with little interaction and are emitted at
all stages of the heavy ion collision
s Direct photons are photons which do not come from hadron decays
s Measurements of yield and flow constrain initial conditions,
sources, emission rates, and spacetime evolution
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Elliptic Flow dN \\
p RS o« 1+ 2v,cos(2(p —¥,)) \

between gold nuclei
produce an elliptical
region of quark-
gluon medium.

ELLIPTIC FLOW Fragment of
gold nucleus
Off-center collisions

gluon medium

‘_'G'Q I%gge credit: Ron Belmont
. / = Low momentum direct photon flqw |
e _» corresponds tq the medium’s anisotropic
1 N pressure gradient

outward, mostlyin
the plane of the

collision (arrows).

= High momentum corresponds to prompt
M. Riordan, W. Zajc, Sci. Am., May 2006, 34-41.  photons from initial hard scattering
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Direct Photon Puzzle

PRC 94, 064901 (2016)
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PHENIX Detector System
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Direct Photon Yield Results

yincl arXiv:2203.17187 arXiv:2203.17187

R —_— 255_(a) 0%-10% IH{,fé_(bHﬁ%—zol% | ré% ; 10* L LN L L B B
— i THLLEE: I} | Au + Au, \s,,, = 200 GeV Direct |
of By ¥ T B it B s \SNN Y .
|4 ydecay o, o Egéﬁ*;f-* i1 g m,s**ﬂ ] 0 0%-10% (x 5:10")
s f ot EBEE E - o 10%-20% (x 10) 1
1 !
( ) 20% 30% : (d) 30% 40% ARE 101 £QQD PHENIX R 203 5y
» High-statistics data 25 | S - e 0 30%-40% (1) -
o 2 %H%’}% i H%?’}’H? I " 40%-50% (x 5107) _
set for Au+Au taken ' ..ol Fe L L " 50%-60% (x 10°)
: - N % 60%-70% (x 5102
In 2014 5 5L (€) 40%-50% 1 () 50%-60% E & —
2— — "= - -
" f1.5?MEﬁﬁmﬁ*{g**+{‘ﬁ++£2_ augumi*ﬁ{‘**’l‘{f%%% : E -]
" Inlow p;region R, e AR B L . .
on order of 20% T LS o]
: : 2 [ 7
excess of inclusive “1s SIS SRR I ’ -
foewea?® e f emmoo®o ? T | E
photons over decay G frrrree] - -
photons . o} PHENIX i {Sige = 200 GeV ] ot [+ 70%-80% (x 109) 1
1.5 , ;rFlaii 106, 152302 ] | 80%-93% (x 5'10-3)| | | |
NS Y- - SR 2 PRL 104, 132301 (ptp) - ) L1 , L1 \ L1 » L1 - ! |1O
2 4 6 8 2 4 6 8
p, [GeV/c] p, [GeV/c] P, [GeV/c]

’\(_
PH’*EN'X Michael Giles, PIC 2023 6




an MC sampling method

Systematic Uncertainty

. o incl dec
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Vv, Extraction R[] yges
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= Flow calculated by fitting azimuthal distribution of photons to cosine curve
= |nclusive flow uses all reconstructed photons, decay photon flow includes

only photons from hadron decays
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Result: Inclusive Photon Flow
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Hadron Decay v, Determination

Combined fit of multiple measurements
Fitis input into decay photon v, simulation
= Contributions of other mesons assumed

to take the same functional form, scaled
by KE; 3
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Result: Decay Photon Flow
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Result: Direct Photon Flow
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= Newest data is consistent with previous measurements within uncertainty
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* New measurements extend to higher p; than previous results
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Result: Direct Photon Flow

PH

|\

Direct photon flow for
high p+ is consistent with
zero within uncertainty
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Model Comparison

Phys. Rev. C 105 014909
arXiv:2203.17187 (2022) C Gale et al.

|\

T e, [T Ll im0 Multi-messenger heavy
R | oo : e ion physies
- H"‘-E W oo 1 e 0 W Hybrid model
s o T | 5 accounts for all
S . PR ! f stages of a collision
i g“ 10 __ \:‘:“:“i‘@.\ 1 @ ) __
el N Fﬂi:;‘..,xu ; Qualitative agreement
- U D with data but model
I i falls short quantitatively
| ST b P TIN S
P 1.
- L@ ZH i H4H | L@ éH%HHjH, o o-ooﬂiﬁ-c"'og1110“1.5' p%SV) )
p, [GeV/c] p, [GeVic]

’\(,_
PH;\;@Ele Michael Giles, PIC 2023 14




Summary

m Measurement of direct photon v, is presented using
the high statistics data for Au+Au taken in 2014

m Statistical uncertainties are constrained compared to
previous measurements

m New results are now in finer centralities and extend to
higher py

m Fordirect photon flow, the high pyregion is consistent
with zero within uncertainty
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Thank you!
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Sources of Systematic Uncertainty

Table 7: Systematic Uncertainties for Direct Photon vs

Input Source Centrality lype
: POTEE 0-20% 20-40%  40-60% e
R-, {EGGP‘L’] :‘I.-.l._}{}’[’ ':I:'l[;"; ':'l:}{f‘t( B
R, (>5GeV) 16% 20% 22% B
photon ID 2% 2% 2% B
uihe EW difference - 5 -
(<4.5GeV) 2% 1% 2% B
EW difference - — A B
(>45GaV) 7% 3.5% 4.5% B
event plane 2.5% 1% 5% C
pion v, 6-26% 2.5-9% 3.5-15% B
e n/«? ratio <0.05% <0.05% <0.05% B
: KE+ scaling 2% 2% 2% B
event plane 3% 3% 3% C
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Propagation of Uncertainty e

dir yV2  — V3

Run14 @ Au+Au, 0-20% Ry - 1
3.0< P, < 3.5 GeVic
vi" = 0.076 + 0.028 (- 0.029)

!

= Correlations between terms in the
formula, and R, in both numerator and
denominator
= Asymmetric uncertainties not
described by hormal Gaussian
error propagation
= Use a MC sampling method,
moving each term according to
e 01 1 st i LG s 5085 GV e 1 b 020 o their uncertainties to get
EEEP Bl Blub cairvé Sortesplondl ol nelitg baly S8 concrlby st oFC ppiatunic distribution of direct photon flow

uncertainty. Green curve corresponds to if including only the contribution of v§* systematic

:

Normalized Count

uncertainty. Red curve corresponds to if including only the contribution of R, systematic - D " 'b t' s . t t d f
uncertainty. Black curve corresponds to if including the contributions of all systematic un- IStrI u Ion IS In egra e rO‘ , ,

Imége credit: Benjamin Bannier, Wenging Fan infinity until 68% of the total is in
the integral to determine upper
—~———

N nd lower uncertaint nds
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Sources of Direct Photons

Collisions
Direct Decay
Stable hadrons: % n,K°,...
Prompt Thermal Other
Fragm.
Jet-medium
QGP Jet Hadron
Hard scatt. Bremsstr. Bremsstr.
Pre-equilib. Hadron gas
Resonance

Image credit: Gabor David decay
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= Prompt Photons
= From before QGP phase
= |nitial hard scattering
= Pre-equilibrium
= Conjectured early
sources (strong initial B-
field, Glasma, etc.)
= Thermal photons
= From collective media (QGP
and Hadron Gas)
= [ ocal thermalization at best
= QOther
= Mainly from jets, jet-medium
interactions
» Resonance decay
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Comparison of Pion Fit and Direct
Photon FIO.W.
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