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Why	photons?

▸ Photons	are	a	unique	probe	for	Quark	Gluon	Plasma	(QGP)
❖ “Color	blind”	(do	not	suffer	strong	interacBon),	provide	a	direct	fingerprint	of	its	

creaBon	point
❖ 	All	thermal	mediums	emit	thermal	radiaBon	in	the	form	of	photons	or	low	mass	lepton	

pairs

Direct	γ	=	
Inclusive	γ	-	

hadronic	decay	γ

t

- Prompt photons

 Soft processes:
- Thermal photons

 Hard processes:

- Thermal dileptons
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Direct	photon	puzzle
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Challenging	for	current	
theoreBcal	models	to	

describe	large	yield	and	v2	
simultaneously!	
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▸ Large	yield	&	large	v2
❖ Large	yield:	emissions	from	the	

early	stage	when	temperature	is	
high

❖ Large	v2:	emissions	from	the	late	
stage	when	the	collecBve	flow	is	
sufficiently	built	up

PRC 94, 064901 (2016)
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New	insights

▸ A	wealth	of	datasets	available	for	direct	photon	analysis	in	PHENIX
❖ 16	years	of	operaBon,	9	collision	species,	9	collision	energies
❖ 3	different	analysis	methods	—	calorimeter	method,	virtual	γ	method,	external	

conversion	method
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This	talk	will	mainly	focus	on	the	yield
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Integrated	low	pT	direct	photon	yield	—	universal	scaling

Universal	scaling	behavior	in	all	A+A	
systems

Source	of	photons	must	be	similar
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‣ Integrate	the	low	pT	direct	photons	and	use	dNch/dη	to	compare	data	from	different	
beam	energies,	collisions	species,	and	collision	centraliBes	 PRL 123, 022301 (2019)
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‣ Integrate	the	low	pT	direct	photons	and	use	dNch/dη	to	compare	data	from	different	
beam	energies,	collisions	species,	and	collision	centraliBes	 PRL 123, 022301 (2019)
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Onset	of	low	pT		radiaBon	excess	at	
dNch/dη	~10?

‣ Integrate	the	low	pT	direct	photons	and	use	dNch/dη	to	compare	data	from	different	
beam	energies,	collisions	species,	and	collision	centraliBes	
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Different	centraliBes
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Lower	energiesDifferent	centraliBes
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Direct	photon	spectra	normalized	by	(dNch/dη)1.25

Similar	low	pT	
photon	yield	

when	scaled	by	
(dNch/dη)1.25,	
independent	of	

energy,	
centrality,	or	
system	size
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Other	A+A	systems
Higher	energies

PRL 123, 022301 (2019)

Lower	energiesDifferent	centraliBes



Closer	look	into	the	low	pT	range
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Comparison	with	STAR 7

▸ Discrepancy	with	STAR	Au+Au	results
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Rγ	via	external	conversion	method 8

‣ A	new	measurement	with	2014	Au+Au	dataset	via	external	conversion	method
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❖ More	conversions	at	silicon	vertex	detector	(VTX)	(X/X0 14%)
❖ 10	fold	staBsBcs



Rγ	via	external	conversion	method 8
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Systematic	uncertainties 9

‣ Nγincl/Nγπ0	from	real	data
❖ Nγπ0	extracBon	(~2%)
❖ Conversion	sample	purity	(<1%)

❖ Energy	scale/resoluBon	(3%)
❖ Conversion	photon	loss	due	to	second	

conversion	/	material	budget	(3%)
❖ γ	efficiency	(~1%)
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Full	overlap	with	the	
published	low	pT	and	high	

pT	measurements

4	independent	
measurements	from	
independent	datasets	

shown	here!
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At	high	pT		Au+Au	
data	consistent	with	

Ncoll	scaled	p+p	
result

Clear	enhancement	
observed	below	

3GeV	in	
(semi-)central	Au
+Au	collisions
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Enhancement	
persists	below	3GeV	
in	(semi-)peripheral	
Au+Au	collisions

At	high	pT		Au+Au	
data	consistent	with	

Ncoll	scaled	p+p	
result
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Consistent	with	the	observed	scaling	behavior	
in	A+A	systems
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More	peripheral	Au+Au	
measurements	can	fill	in	
the	“transiBon	region”

Consistent	with	the	observed	scaling	behavior	
in	A+A	systems



Summary	and	Outlook 14

‣ PHENIX	measured	the	low	pT	direct	photon	yields	in	Au+Au	collisions	at	200	GeV	for	
different	centrality	bins	with	2014	dataset

❖ Higher	staBsBcal	precision,	a	full	overlap	with	the	published	low	pT	and	high	pT	
measurements

❖ Consistent	with	previous	published	PHENIX	results

‣ More	PHENIX	data	varying	size	and	geometry	to	be	finalized/analyzed

200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 62.4	GeV 39	GeV

QM18 QM18 Coming	
soon!

Coming	
soon! QM18 Coming	

soon! QM19! QM18 QM18

Poster	by	Zhandong	Sun	(high	pT	direct	photon	in	pAu)

Poster	by	Norbert	Novitzky	(scaling	behavior	of	direct	photons)



THANKS!
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Integrated	direct	photon	yield	over	different	pT	ranges

The	main	sources	
contribuBng	to	

photons	<2GeV	are	
similar	for	different	
beam	energies

Hard	scaoering	
dominates	>5GeV

0≈η
 |η/dchdN

1 10 210 310

 <
 5

.0
 G

eV
/c

)
T

/d
y 

 (1
.5

 <
 p

γ
dN 4−10

3−10

2−10

1−10

1

10

210
 + X

dir
γ →p(d,A)+p(A) 
 = 2760 GeV (ALICE)NNsPb+Pb, 
 = 17.3 GeV (WA98)NNsPb+Pb, 
 = 200 GeVNNsAu+Au, 
 = 62.4 GeVNNsAu+Au, 
 = 39 GeVNNsAu+Au, 
 = 200 GeVNNsCu+Cu, 

 = 200 GeVNNsd+Au, 
 = 200 GeVsp+p, 

↓

   = 200 GeVs  p+p fit, 
 scaled prompt photonscollN

 = 1.25α 

 = 2760 GeVspQCD, 
 = 200 GeVspQCD, 
 = 62.4 GeVspQCD, 

0≈η
 |η/dchdN

1 10 210 310

 <
 5

.0
 G

eV
/c

)
T

/d
y 

 (1
.0

 <
 p

γ
dN

4−10

3−10

2−10

1−10

1

10

210
 + X

dir
γ →p(d,A)+p(A) 
 = 2760 GeV (ALICE)NNsPb+Pb, 
 = 17.3 GeV (WA98)NNsPb+Pb, 
 = 200 GeVNNsAu+Au, 
 = 62.4 GeVNNsAu+Au, 
 = 39 GeVNNsAu+Au, 
 = 200 GeVNNsCu+Cu, 

 = 200 GeVNNsd+Au, 
 = 200 GeVsp+Au, 

 = 200 GeVsp+p, 

↓

   = 200 GeVs  p+p fit, 
 scaled prompt photonscollN

 = 1.25α 

 = 2760 GeVspQCD, 
 = 200 GeVspQCD, 
 = 62.4 GeVspQCD, 



New	insights

▸ A	wealth	of	datasets	available	for	direct	photon	analysis	in	PHENIX

200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 200	GeV 62.4GeV 39GeV

2015	(ext) 2015	(ext) 2016	(ext) 2014	(ext) 2005	
(virtual)

2012	(ext) 2014	(ext) 2010	(ext) 2010	(ext)

2006	
(virtual)

2008	
(virtual)

2010	(ext)

2005	
(virtual)

2003	
(real)

2007	(ext)

2003	
(real) 2004	

(virtual
+real)



p+p	fit

▸ Fiyng	funcBon
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❖ pQCD	inspired	funcBon
❖ The	fit	<1GeV	is	moBvated	by	Drell-

Yan	measurement	[Ito,	et	al,	PRD23,	
604	(1981)]

❖ SystemaBc	errors	include	the	fit	errors,	
different	funcBonal	forms

a b c
6.74×103 2.10 -3.30



Characterize	System	Size	via	dNch/dη

❖ 	dNch/dη	is	an	experimental	observable
❖ 	At	fixed	√s	dNch/dη	~	Npart	~	volume
❖ 	Comparing	different	√s:

‣ Use	dNch/dη	to	compare	data	from	different	beam	
energies,	collisions	species,	and	collision	centraliBes

Npart saturates at same value for similar 
size systems at different beam energies

dNch/dη ~ energy density x volume 



Ncoll	vs	dNch/dη

‣ Compare	system	size	and	number	of	binary	collisions:	empirical	scaling	relaBon	across	
√sNN
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energy dependent 
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scaling?

charged particle 
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“hard scattering” 
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Direct	Photon	Yield	in	p+Au	@	200GeV
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Direct	Photon	Yield	in	p+Au	@	200GeV
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Direct	photon	v2	in	Au	+	Au	collisions	at	200	GeV

Low	pT:	Large	azimuthal	anisotropy	for	direct	photons	(mixture	of	direct	photons	from	iniBal	
scaoering	and	thermal	radiaBon	(QGP	and	HG))

High	pT:	~0	azimuthal	anisotropy	for	the	direct	photons	(dominant	source	of	direct	photons	is	
from	iniBal	scaoering)

‣ Using	Rγ	from	published	results	(low	pT:	PRC91,	064904;	high	pT:	PRL109,	152302)



❖ Spectrum	and	yield	sensiBve	to	
temperature	Avg.	inv.	slope	∝ Teff ellipBcal	flow

QGP Hadron Gas

Measurements	of	yield	will	constrain	
iniBal	condiBons,	sources,	emission	rates	

and	space-Bme	evoluBon

What	to	measure	with	direct	photons?

‣ Thermal	radiaBon	 ‣ CollecBve	behavior	(Flow)
❖ Hot	&	dense	medium:	radiate	thermal	

photons
❖ Hydro	Model:	strongly	interacBng	

medium	—	“perfect	fluid”

Measurements	of	flow	will	constrain	iniBal	
condiBons,	fluctuaBons	and	some	QGP	
properBes	(η/s,	partonic	level	flow)

pressure	
gradient

iniBal	state	eccentricity final	state	anisotropy

❖ Spectrum	also	affected	by	the	space	
Bme	evoluBon	of	maoer	Doppler	shi�
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Direct	photon	yield	in	Au	+	Au	collisions	at	200	GeV

At	high	pT		Au+Au	
data	consistent	with	

Ncoll	scaled	p+p	
result

Clear	enhancement	
observed	below	

3GeV	in	
(semi-)central	Au
+Au	collisions
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Direct	photon	yield	in	Au	+	Au	collisions	at	200	GeV

Enhancement	
persists	below	3GeV	
in	(semi-)peripheral	
Au+Au	collisions

At	high	pT		Au+Au	
data	consistent	with	

Ncoll	scaled	p+p	
result


