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Introduction

@ Direct photons are defined as photons not originating from hadron
decays (e.g., 7% — 77)
@ Due to their electromagnetic nature, direct photons:
o Escape the medium without strong interactions and final-state effect
o Carry information from all stages of the heavy-ion collision
o Different pt regions are sensitive to different sources. While the
high-p1 (= 5-6 GeV/c) dominated by prompt photons from initial
hard scatterings, the low-p71 (< 4 GeV/c): sensitive to thermal and
pre-equilibrium emission — nonprompt
@ Two key observables give complementary insights. Yield: sensitive to
temperature, system size, emission time < Azimuthal anisotropy
(v2): probes flow buildup and emission chronology
@ Recent PHENIX results provide precision measurements of both:

o Nonprompt photon yields using external conversion method
o Direct photon v; in finer centrality bins and wider pt range
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Direct photon puzzle

(a) Invariant yield
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Experimental Setup

For further insights — PHENIX results from the 2014 Au+Au data at
v Syn = 200GeV, with a 10x more statistics

A new analysis method using the silicon-vertex detector (VTX) as
photon converter

The forward silicon-vertex detector (FVTX) was used, to measure the
event plane ¥,

The direct-photon measurement is based on the tracking and
identification of e~ and e™ from photon conversions in the detector
material PHENIX Detector
Internal conversion Gl e S
External conversion close :
and far from vertex

Real photons in calorimeter — Tor-¥
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Experimental Setup

The VTX here acts as the photon converter, which is critical for this
analysis

Charged tracks are identified as 1s
electrons or positrons with a 10
ring-imaging Cerenkov detector

y [em]

For the calorimetric identification
of the e~ e* pair, E/p cut was used
For the calorimetric identification

of photons, two types of calori- L
meters are used: PbSc and PbGl T X eml

A new track-reconstruction algorithm is developed — the e™ and e~
from a conversion have the same origin and that their momenta were
initially parallel in radial direction
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Experimental Setup - Event plane

@ The reaction plane of a collision is the plane defined by the beam
direction and the impact parameter vector

@ Instead: estimated using the event plane W, measured from the
distribution of particles detected in the FVTX

@ The orientation of the event plane W5 in global coordinates is
calculated using the azimuthal distribution of the charged particle
tracks reconstructed in the FVTX for a given event

@ The event-plane resolution depends on the number of charged
particles produced in a collision and the size of the anisotropy of the

charged-particle production for a glven centrality class

dN
—— 2 Cos l e 4
To—g = Molt +2 }:, {n(6— )}

n=
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Double-ratio tagging method

@ The number of direct photons is small <+ the number of photons
from hadron decays is large — for a precise measurement we need a
tagging method

incl

incl ~
R ,yincl ”YYT < E’Yf > (N;TO’tag)Data ( )
= = f— 1
Y hadr Jhadr hadr
v 0 ( -0 )Sim
Y Y
N 0 . .
o Nincl /N2 the ratio of measured photon yields
1 141 Conversions
o <e,f > is the conditional acceptance fom i tonged
and efFICIency Conversions from [
had, 0 . . . direct photons
@ ~39" /™" is the cocktail ratio Conversions
from other
hadron
decays

Conversions from
inclusive photons 7
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Result - 4 different R, PHENIX measurements

The new results are compared with all other published PHENIX

results — different methods + independent systematic uncertainties.

incl
,yhadr

R, =
Internal conversion
(PRL 104, 132301)

External conversion
far from vertex
(PRL 91, 064904)
Real photons in
calorimeter

(PRL 109, 152302)

External conversion
close to the vertex
(PRC 109, 044912 )
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Result - Direct photon yield comparison

The direct photon yield: v = (R, — 1)y"9 — left picture for all

centralities

p1 > 5GeV//c is well described by the Ngyy-scaled p+p result and pQCD
calculations — high-pT direct photons are from hard-scattering processes
Non-prompt photon yield = measured direct 7 yield - Ny scaled x (pp fit

or pQCD), from PRC 109, 044912
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Result - Non-prompt photons

@ The invariant yields are very consistent in the region of overlap
@ The pr-dependent inverse slopes ( Tof) for different fitting ranges are shown
as a function of dN,,/dn, a measure of centrality
@ T depends on the fitted pr range, but almost no dependence on centrality
@ From PRC 109, 044912
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Scaling with multiplicity - integrated yields

@ The integrated direct photon yield scaling function:

dN promax g dN

5 gy dPr = AX (TG (2)
dy  Jprmin dpTdy dn

o Agreement with other direct-photon results

o Fit for previously published
data: @« =1.23+0.06 +0.18 10

T T
E Directy(l1.0< p < 5.0 GeViic) E

o Fit from the current data: [ PHENX AurAu 200 GeV o
a =1.11+0.02 £ 0.09 '~ fwpm oy E

@ «a smaller than predicted 107 - 3
— HG = 1.25and QGP = 1.8 Sr02k - e

© The same scaling holds over ~ © F | AuAz00Gey
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Scaling with charged multiplicity - pr ranges

@ At higher pt the « values are slightly lower for non-prompt ~, than
for direct v BUT! they are consistent with each other

@ The values of « for the non-prompt component are constant with no
evidence pt dependence, from PRC 109. 044912
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Results on azimuthal asymmetries - v,

@ Preliminary results from a recent analysis of direct photon elliptic flow

o Finer centrality bins than previously published

@ The new results are consistent with earlier measurements — the
elliptic flow of direct photons in the low pt region is large, and
consistent with that of final state hadrons
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Inclusive and decay ph Vo

@ From: arXiv:2504.02955
@ Low p7: both inclusive and decay v» the same
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Direct photon v,

o Previous: PRC 94, 064901 (2016) < recent: arXiv:2504.02955
o The v2'r large at low p7 and peaks around 2-3 GeV/c
o v{i" decreases with increasing pr
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Centrality Dependence

@ From: arXiv:2504.02955

o The peak value of v§" ( 0.16) occurs in midcentral collisions (30-40%
centrality, Ny =~ 200) and decreases at both higher and lower

collision centralities

@ At high pr > 10GeV, vfi' is
consistent with zero across all
centrality classes, supporting
the picture of dominant
prompt photon production at
high transverse momentum
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Vo VS PpT

@ v, peaking at 2-3GeV//c, decreasing at high pr, compared to
previous models
@ Promising agreement over the prewously measured pT range up to
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@ New PHENIX data: 10x more statistic — + confirm earlier results +
new kind of analysis — "direct photon puzzle” is still alive

@ The experimentally observed inverse slopes of the pt spectra are
qualitatively consistent with predictions for thermal and
pre-equilibrium radiation

o Large anisotropy is observed for photons at pr ~ 2-3GeV/ /c, the
yield is larger than expected

@ The centrality dependence of the nonprompt direct-photon yield,
expressed in terms of the scaling power a(p7), shows no indication of
changing with pr range

o Large v§“’ at low pt, peaking at 2-3 GeV/c with values up to 0.16 in
midcentral collisions. At high pr > 8 — 10GeV vg'r is consistent with
zero — expected for prompt photon
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Thank you for your attention!

Melinda Orosz
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