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Hard photon measurements

[ Statistical subtraction method by EMCals Direct __  All _, Hadronic
| ) y o=yt =y
O Firstly measure 7%, n
O Strong suppression of high p; hadrons - fﬂ,l_?
helps to measure direct y for Au+Au m;""‘
. . . . . n KS
> Identify remaining y after subtraction of | djrecty 70 —>yy ©™°
hadron decay vy as direct y. —>ny
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B.l. Abelev et al., PRC81,064904(2010) pr (GeV/e)
O p+p : Consistent with NLO pQCD calculation - Works for pQCD test
0 d+Au : Also consistent with N__-scaled NLO pQCD - Little nuclear effects

coll



Hard photons in Au+Au

o 10°F
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O Spectra : Also follows N__-scaled p+p for different centrality bins

OR,, : Suppression at high p; (p;>14GeV/c) due to isospin effect?
or due to initial state energy loss?

— Experimentally challenging due to merging effect for decay photons.



Different collision energy

Au+Au : 62.4GeV Pb+Pb : 2.76TeV
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O 62.4GeV : Isospin effect would be at lower p; - Consistent NLO pQCD
[0 2.76TeV : CMS measured isolated photons = No suppression

- Inconsistent with 200GeV Au+Au, but efforts to finalize the 200GeV
Au+Au result are ongoing.



How to measure low pT photons

[0 Hard to measure by EMCals due to a finite energy resolution
— Alternative method has been developed : “Virtual photon method”

Virtual photon method q ee_
O Basic idea : Any source of y can emit y*, convert to low mass e*e” J'y*
O How to identify direct y*>e'*e : “Ng
Relation between y and associated y*—>e*e  emission rates
dn 2o 1 4 D1
S l——=11 = S (e )2
de.  Smma\ L ( " m?) S
» Process dependent factor
= ——— 2 Dalitz
10° —— nbait O Direct y* : If p;2»m_.2%, S(m,.)~1 L
, direct y internal conversion D Da||tz decay :S(mge) _ ‘F(mge)‘g (1 B ﬂ;€;>
f

— Extraction of direct y*—>e*e  can be
made by utilizing m_, shape difference
between direct y* and hadrons.
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Determination of direct y fraction

fdata(mee) = (1— r)- fc (mee)+ I- fdir(mee) r : direct y/inclusive y

| ]
Hadrons Direct y*

O Determination of direct y fractions in 0.1-0.3GeV/c? for p;>1GeV/c
v" Negligible contribution of n®>ye'e-
v’ Satisfy an important assumption of p;2»m_.2 > S(m_.)~1
v No contribution of t*t>e*e"
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. W Y*/NDF = 12.2/6

_I\I!._I‘.IIII| I T TTTII

[0 Extended fit result can also
| describe the data well in
m,.>0.3GeV/c?.

... (c%GeV) in PHENIX acceptance

eq

[=]

'S

[ IIIIIIJ

dN/dm

Ll |..| Ll | e Il [
02 025 03 03 04 045 05
m,..- (GeVic)

—
=)
D—””—l--‘

-l'l.-llllll |

[ |~ |_|\|ﬂl‘1"|-| L el
005 01 015
A. Adare et al., PRL104,132301(2010)




. .
Direct y fractions

dJNLO dO_NLO CIahadron
V4

NLO pQCD expectations are calculated as: —~ S
apy dpr - dp
[ p+p:Ns=200GeV | d+Auxs,,=200GeV [ Cu+Cu:\[s,,=200GeV | Au+Auns,,=200GeV
0.25] ly|<0.35 1 (Min Bias) |y|<0.35 1 (Min Bias) |y|<0.35 T (Min Bias) |y|<0.35 ]

[ PRL104,132301 T  PHENIX preliminary T PHENIX preliminary T PRL104,132301

o
1]
| L
|
|
|
|
|

h=0.5p, I I I
=108, 1 M

e

0.05f T S
& T [ |3 1

04
Ll bbb b e b b b e P b b B B e U Bena e Bvna e B 1

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
pT[GeWc] p,[GeV/c] p,[GeV/c] p,[GeVic]

O Direct y fractions from virtual photon method plays an important role
on determination of direct photon v, in low p; region.
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.
Low p; direct photon results
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O p+p vs d+Au : Consistent = Little nuclear effects
O p+p vs Au+Au : Observation of a clear excess in p;<3GeV/c
— Exponential fit gives inverse slope of T = 221195t 19%stMeV (Central).
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= Thermal Photons in AutAu atys,, = 200 GeV
- | * DATA 0-20% e = 800
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0 Hydrodynamic models agree with the data within a factor of 2
O Uncertainty on T, ., (300-600MeV) is still large.

v' Depending on thermalization time 1, (0.1-0.6fm/c)
—> Need sensitive observable to further constrain T,

init
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Further constraint of T.

& T, by v,

init

vV, <0
Bremsstrahlung Thermal radiation
Jet-Photon Fragmentation
conversion

KI/ ,>0

[ Different direct photon production
processes have different behavior of v,.
v’ Initial hard scattering - v,=0
v’ Thermal radiation &
Fragmentation - v,>0

R. Chatterjee & D. K. Srivastava, PRC 79, 021901 (2009)

v’ Bremsstrahlung & JPC - v,<0
—>Helps to disentangle compositions of

020 et direct photon spectrum
. Thermal Photons ,,f,;;’jf:; ]
016 ArFAUGZ00 AGEY 4 O Direct photon v, is also sensitive to
[ Hydro after % P 1 thermalization time 1,,.
20 Bw 0 e = ¥ Earlythermaliation
~ 0.0sf- 5 = -> Small thermal photon v,
. ’—“ —tome — v’ Late thermalization
AT . I - Large thermal photon v,
000, | 1 l..ll'.' N e o oo o
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Py {G eV/c)
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A. Adare et al., arXiv:1105.4126
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How to obtain direct photon v,

Statistical subtraction method
A. Adare et al., arXiv:1105.4126

> [ PRYENIX Au+Au@200 GeV r -1
>' 02[ preliminary UM "% 11, Measure inclusive Y Vv, using
£ o1sh EMCals
- Confirm NO charged hadron
0.1 contamination by external
Msf_ conversion method
: Measure 1° v,, and then evaluate
0 other hadron v, (1, o, ...) using
- MC calculation
00 el YO w0, looks similar to inclusive ¥ v,
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How to obtain direct photon v,

Statistical subtraction method
A. Adare et al., arXiv:1105.4126

~ _ inclusive _Vhadron
o2 vt = 2 2
L [ pRYENIX Au+Au@200 GeV -1
>' 02[ preliminary UM "% 11, Measure inclusive Y Vv, using
£ o1sh EMCals
- Confirm NO charged hadron
0.1 contamination by external
Msf_ conversion method
: Measure 1° v,, and then evaluate
o other hadron v, (1, o, ...) using
- MC calculation
00 el YO w0, looks similar to inclusive ¥ v,

Subtract hadron v, from inclusive
v v, with direct y fractions from
virtual photon method
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dir.
Y Vs

0.25

0.2

0.15

0.1
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Direct photon v,

A. Adare et al., arXiv:1105.4126

Au+Au@200 GeV
minimum bias

Direct photon v,

e

PH- -ENIX
preliminary

Surprisingly, a large direct
photon v, is observed in
p:<3GeV/c

Direct photon v, -0 indicates
prompt photons from initial
hard scatterings are dominant
in p>5GeV/c
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Comparison with model

Theory calculation: H. Holopainen et al., arXiv:1104.5371

.T,dir. “2
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0.15
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F mema Hydro. Thermal v
= % leigill;?l;z'l}'hermal+Hardy O Models predict a shape of direct
2 .

AU+AU@200 GeV photon.vz, however they under-predict

i 0-20% a magnitude.
v' T...=580MeV, 1, =0.17fm/c

' — Need to understand observed direct
I ¢ ¢ ‘} photon v, to further constrain T, & 71,
R, )
[ AuAu 0-20% |

1

2 3 4



Summary & Outlooks

O Direct photons have been successfully measured in a wide-ranging p-
region for different collision systems at RHIC.
High pT photons
v’ Statistical subtraction method (using EMCals)
v Possible suppression at p;>14GeV/c is observed in 200GeV Au+Au,
but no suppression in different energy Au+Au (62.4GeV & 2.76TeV)
Low pT photons
v Virtual photon method (y*>ete’)
v Enhanced yield is observed in Au+Au
O Direct photon v, has been also measured.
v’ Large v, at low p; = Thermal photons?
v'v, =0 at high p, - Photons from initial hard scatterings
—> Theoretical challenge to further constrain T, ,, & 7,
[ Direct photons are still one of “hot” probes
v’ Low energy scan at RHIC & measurements at LHC
— Systematic study in wide collision energy

init
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