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Outline

Motivations for direct photon measurement
Direct photon measurement at PHENIX

Measurement at high-pT region
— Direct photon as a hard probe

Measurement at mid-pT region
— Search for thermal emission from QGP

Azimuthal anisotropy of direct photon
Summary
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Motivation of direct photon
measurement

bt
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e For study of the hot and
dense matter created in
relativistic HIC

e Direct photon: non-
hadronic photon

e Penetrating probe for the
bulk matter produced by
Au+Au collision

— Doesn’t interact strongly
— Long mean free path




Thermal radiation from QGP

 EXpected to be dominant at
mid-pT region
— 1GeV/c<pT<3GeV/c

e Strong signature of the
existence of QGP

e Carry information on thermo-
dynamical state of medium
(temp., degrees of freedom)

 There are also contributions
from hadron gas interaction
— dominant at pT<1GeV/c
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High-pT direct Photon as
hard grobe

_ 5 L 30% contribution (
PpQCD (hard scattering) { ' | from jet frag.
8‘ 0.8
— p+p data agree with NLO &4 /
PQCD at high-pT L
0.2
— 70% prompt photon + 30% PN
- . . 0 10 12 14
jet fragmentation at high- Py (GeVic)
pT(pT>8-1OGeV) Phys. Rev. Lett. 94, (2005) 232301
g IQ photons
e Fragmentation photons are & 25@ » 0
suppressed by jet-quenching 3 1.5( _
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Medium induced high-pT
direct photon

* Interaction of hard-scattered parton with
dense matter
— Compton scattering (jet-photon conv.)
— Bremsstrahlung
— may be used as hard probe of bulk matter

Photons at RHIC !
Au+Au 57 =200GeV
T. =370 MeV -

= o
Z 10 = Ifffl . Hard scattered
10’ Yy=0 i,‘%iﬁjﬁﬂi‘iﬁinmﬁ‘m . parton Interact
N with gluon in
1074 6 8 pT[Gé{)] 2 bulk matter
S. Turbide et al. Phys.Rev. C72 (2005) 014906 6
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Direct photon measurement
at RHIC-PHENIX

e RHIC-PHENIX Au+Au 200
GeV Run at Year-4

— Sampled Luminosity 241ub-1
 1.5B events
« Photon measurement using
PHENIX- Electromagnetic
Calorimeter (EMCal)

— Lead Scintillator Type (PbSc,
18X,)

— Lead Glass Type (PbGlI, 14.4X,)

* Min. Bias trigger from BBC-
ZDC coincidence

— Also used for Centrality T | &
determination = o o

* 0%: central, 100%: peripheral
collision

South Side View Narth
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method for direct photon
measurement

. ally
e Subtraction method
direct?Y
DA N\, i 8

Nall _ Ndecay + Ndirect

— Pi0-> 2gamma n,KOQ,

— Eta, KOs, omega.. n0 — vy >y

* Reconstruct the slope with mT scaling
and for eta using the eta/piO ratio

measured in PHENIX
e Direct photon excess ratio

N yall _ (N ;/a” /N g )measured
N ydecay (N 7decay / N & )MC

— Part of systematic errors cancel
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Direct photon excess ratio

TE Al E 2
E Au+Au \]sNN =200GeV, . |. [ Au+Au \|5NN = 200GeV E Au+Au \]sNN = 200GeV
_ PHENIX preliminary [£ ) _ PHENIX preliminary _ _ PHENIX preliminary
5 E 0-10% AT - . 10-20% / L 20-30% PP
4 el i
Run4 T 9 it § gat ] 1} W T |
5 FRT 3 g 3 ™ot
o 1 C g a0 T [ _.aﬂj!‘!
o E [ F
N eW d ata E 7?_ L L L L L L L L L -:_ L L L L L L L L L -:_ L
o F Au+Au \]sNN = 200GeV F Au+Au \|5NN = 200GeV F Au+Au \]sNN = 200GeV
e t PHENIX preliminary t PHENIX preliminary e PHENIX preliminary !
= 5 F 30-40% ~ E 40-50% F 50-60%
= 3 - F 3
E 3:_ _ % £ S e _ J--_:.:-‘—i-:f
=3 = = w s T - T_T_- ;:::-_;-_-"'__,—-
§ 1 E_l-' Lagi? F _I__._-_._“!_l!l"i"i"“i%<§ i i E ] E_‘m.‘.i-j_li!pibﬁ"i‘ih {
E é L 1 L 1 1 1 1 L 1 E_ | 1 1 1 1 L 1 1 =‘ 1 1 1 1 1 L
s, TE - - _
_E F Au+Au \]sNN = 2_00GeV F Au+Au \|5NN = 2_0CIGeV E Au+Au \ISNN = 2_00Ge\i’
= 55 PHENIX preliminary : PHENIX preliminary i PHENIX preliminary )
E 60-80% F 80-92% ' Min. bias T
;_ ;_ _ -+ FPbSc p ,;P}{_/F:t
3F . F _ F|ePoci = f
1 i_.m."i-‘.:.ﬁ ’l’ {| i --...ii!ﬁ{iﬂé - ; . I- ..I'i.. L - L L L L L L
0O 4 8 12 16 0 4 8 12 16 0 4 8 12 16
p(GeV/c)

» Strong suppression of neutral mesons makes possible the clear extraction
of direct photon signal

o Compared with pQCD calculation (Phys. Rev. D48, 3136 (1993))
— (theoretical uncertainty: dashed lines, blue bands: dashed+Ncoll error)



Direct photon spectra

e PbSc/PbGl
combined result
— Run4 new result
e (Good agreement

with Ncoll scaled
pPQCD at high-pT

Blue line: Ncoll scaled pQCD prediction

Tadaaki Isobe, Hard Probes2006, 06/14/06

o 10 =
E 10-1 - direct photon
% C ., Au+Au Vs, = 200GeV
~ *
» 103F “tea,. PHENIX preliminary
- = L ) - - L]
- %‘10-5—_ ‘e * & * o . ® min. bias = 10°
(= & -
o = TJr - -
© %10 - * % 0-10%x10°
400
Zm“] :— 10-20% = 102
~|&10™M -
=2 13 20-30% = 10"
N0 = I g
10-15 - e, ", . 30-40% = 10°®
AT T e i - B m 40-500% < 10°
10" = ay . - '
= “mag * n ,
10" - : A 50-80% x 10
. n =
21 Tgm e n
107 = f 5 é t t W 60-80% x 107
23
10 i I t I I I & B0-92% . 107"
= _ | L1 L1 | L L1 | L1 1 1 I I I |
1055 | | |+ | |
4 6 8 10 12 14 16
p{(GeVic)

Central

£

Peripheral

—— T ——

10



Comparison with Theory

| pQCD+Jet-photon+HG, Turbide et al., |
Phys.Rev. C72 (2005) 014906

PQCD and Jet-photon, Fries et al.,

Phys.Rev. C72 (2005) 041902
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Focus on mid-pT region



New Approach
‘internal conversion”

1 dN 2a 4m 2 2m 2 S
e | e (e \F(mee)\ (1- —==
N V4 m ee T m ee m ee m ee M
Kroll-Wada Formula
dalitz shape phase space factor 1 for high p;y
e - e any source of real photons
L s g |— e produces virtual photons with
B s N g |— i very low invariant mass
B © o . e Ratios of M., bins to lowest one
= direct y internal conversion R
( data)

10 * If no direct photons: the ratios

become exactly what can be
calculated from Dalitz decay
formulae above
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Result in mid. pT region

T""Hrnneasured / T".rﬂgackgmund
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) 1.6
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The Direct photon spectrum

Yarect iNV- yield (GeVe)?)

o8 Yoo AUTAU (0-20%) * Inclusive photon come from
TR wpenr bl EMCal measurement
1_ _ 7/*direct
: Ydirect — Yincl. e
wil "R | incl.
e NLO pQCD
. PHENIX Preliminary L.E. Gordon, W. Vogelsang
10°F Phys. Rev. D48, 3136 (1993)
e A particular thermal Model
10 — 2+1 hydro, 1,=0.15 fm/c
; - T,27e=360 MeV(T,"&=570 MeV)
o' D. d’Enterria, D. Peressounko
[ —— pacd T, nucl-th/0503054
10°E thermal — The data are consistent with
: pQCD + thermal thermal + pQCD
el slpr e el — pQCD questionable down to low pT
D05 1 48 2 23 3 45 4pT(g§mf — needs confirmation from analysis of

p+p data
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Medium induced photon is
still dominant at mid-pT

0
10 '
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Azimuthal anisotropy



Other approach to extract
medium Induced photon

 Measurement of direct photon elliptic flow
— Jet-photon conversion, Bremsstrahlung (v2<0)

— Jet-fragmentation (v2>0) Py S B a
— Thermal photon S B vy
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vZ2 measurement at PHENIX

o Standard reaction plane method

: . - _& 5E0-10% 2
_ R RY inclusive _y hadronic % ‘3‘ R
direct _ 2 2 <o s
2 R_1 P PRL 94, 232301
"‘ 0 2 4 6 8 10 12 14
= pr (GeV/c)

« Direct gammav2is

consistent with O :
— large error due to the large :
systematic error on direct photon 3 ]
excess ratio “R” N .
« New Run4 PHENIX resultmay .~ -~ . =
extend the pT = 3 cuve
— improvement of S/N may reduce T S
the error 2 0oss ; ]
* New reaction plane detector AN IR
Improve RP resolution L N
— will be installed for RHIC Year-7
run Phys. Rev. Lett. 96, (2006) 032302 14
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Summary

Measurement of direct photon using PbSc/PbGil

— Clear signal of direct photon at high-pT due to the
strong suppression of neutral hadrons

— Extend up to 18GeV/c

Measurement for high-pT region

— The theoretical calculation taking jet-conversion into
account agree with data well at pT<15GeV

Measurement for mid-pT region

— new technique for measuring direct photons in Hi
collisions through internal conversion

Azimuthal anisotropy of direct y
— Consistent with v2=0

Tadaaki Isobe, Hard Probes2006, 06/14/06
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direct photon (PbSc+PbGI combined)
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RHIC

without induced
gluon radiation
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