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Photons from Multl Stage

Hadronization

(Freeze-out) +
Expansion QGP phase?

Thermal Photon Jet+Medium Prompt Photon

Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation
Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation

Time Evolution
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Schematic Spectrum in A+A

log scale
\

Decay photons

Photon Yield

-E.IT
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hard: in
PT

thermal: €

o (GeV/::)

( Thermal Photon \(*  Jet+Medium ){ Prompt Photon
Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation

Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation
g h ,

+ Decay photon as huge background
2007,12,£h£a%9@yuphoton background strongly reduced due to jet suppression in A+A 4
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Schematic Spectrum in A+A

Compton

Y

—%E Fragmentation
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( Thermal Photon (" Jet+Medium ([ Prompt Photon R

Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation
Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation

\IOT“ _ J \_ J . J

medium P ~ p-9 (Conversion) P~ A
~ 1 GeV (QGP) ro TR

~ 200 MEV (HG) < qu (Brems) Tmedium ~1GeV (QGP)
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Fries et.al.PRL90(2003)132301
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( Thermal Photon \(  Jet+Medium )( Prompt Photon

Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation
Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation

S— AN __J\ J

medium P ~ p-9 (Conversion) P~ A
~ 1 GeV (QGP) ro TR

~ 200 MeV (HG) < qu (Brems) Tmedium ~1GeV (QGP)
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Y decay
Vdirect = Yall — Ydecay = (1— )X7/a||
Y all

= (1— }/R)X Y all
(7a%o)meas
=

[ Systematic Errors partially cancel ]
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1)Signal(direct) ” (2)Signal(fragmentation) " (3)Background(hadron decay) |

compton + annlhllatlon B
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Isolation cut to R = \/AUZ +A¢® <0.5
reduce background E (R<0.5)<E, x0.1
Y

sum
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m Any source of real photons Y
emits virtual photons with YWV\'WO'VV\N< ~
small invariant mass ]?

m The distribution of the virtual ~ Different
Invariant mass
photon mass depends on the distribution
emitting source !j
m Phase space at higher inv. e
masses limited for virtual g '8 et

photons from hadron decays

m Signal/background for virtual
direct photons significantly
improves with increasing mass 9 q
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1 dN 4m

= 1 - e
N, dm 37z m 2

ee

m any source of real photons
produces virtual photons with very
low invariant mass

m Ratios of M. . bins to lowest one

(Rdata)

m |f no direct photons: the ratios
become exactly what can be
calculated from Dalitz decay
formulae above

m If excess over calculation: direct
photons

inv

Compton

qg~_"
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History of p+p/pbar-> v

n BEDEER, GFEF. GFRIEGFEEEREREDLE,
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m xT =pT/(Ns/2)

m QCDEHHIZLDE. UTDRE
PDFEFFDQ2RA—1)2 %
Coupling constant(o.)HQ2(ZIEIKTF .

o =(s)" < F(x;)

N=E . x;=2p,/\s
MEERBELEEZTRT EHICOH
Dx A=)y

EHnIZxd 5FE
m Leading order n=4
= Next-to-leading order: n=4+a

Xt A7 —1) 2% BlIn=5{F1 THRRIL
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p+p collisions \{s=20-1800GeV

® D0 p+p s=1800GeV
[ CDF p+p {s=1800GeV
B UA2 p+p [s=630GeV
O UA1 psp Js=630GeV
A UAT p+p s=546GeV
A UAG pap Y8=243GeV

p+p collisions \s=20-200 GeV

¥ PHENIX-Run3 p+p "5=200GeV
 RBOG pp YB=63GeV

* R110 p+p '==63GeV

& E706 p+p Ys=38.7GeV

v EF06 p+p v3=31_5GeV

 UAG p+p Vs=24.3GeV

* MA24 pap \le=23 75GeV

WATO p+p v8=22 96GeV
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Prompt Photon in p+p/pbar

Photon is penetrating probe since it's lower cross section
with matter _ . _

1 ILO or JETPHOX

* WA70 pp
= UAG6 pp M=p=MF=pt/2

| CTEQBM A=326 MeV
5 |- &4 E706 pp/800

O UA6 pp

r'y

B " NPA783(2007)395,P.Aure/iche
4 |- % AFS pp i
- © PHENIX preliminay pp

| ® DO pp

| v CDF pp—>yX vs=1.8 TeV

data/theory

10
X.
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m Bevalac @LBNL
p=0.8 GeV/A, VsNN=1.8 GeV

m E802/859/866 @AGS-BNL
p=14.6 GeV/A, VsNN=5.4 GeV

m NA44/WA98 @SPS-CERN
p=160 GeV/A, VsNN=17 GeV

m PHENIX @RHIC-BNL
p=100+100 GeV/A, YVsNN=200 GeV

m ALICE @LHC-CERN
p=2750+2750GeV/A, YVsNN=5500 GeV
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CERN SPS-WA98:

158 A GeV *%Pb + *®pp

Central Collisions
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Transverse Momentum (GeV/c)

Pb+Pb Vs =17 GeV

Srivastava and Sinha nucl-th/0006018

102 1 1 I I | L) I 1 1 | 1 I I T [ I Ll L I | I L)
X .
Single Photons
X
100 . "
H S(200 AGeV)+Au; WAB0 x 3.5
106 |- Thermal+Prompt
1 1 1 1 I 1 1 1 1 | 1 1 L L | 1 1 1 1 | | 1
0 1 2 3 4

pr (GeV/c)
Hydro calculations :
Prompt + QGP - Mixed phase > HG

Prompt Photon?=(+ TI&E%EAT
=7iLYEnhancement& Y
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BNL-RHIC-PHENIX: Au+Au Vs =200 GeV

[

10 T m 200 GeV Au+Au Direct Photon
4 - — <N__,> scaled NLO pQCD
10+ PHENIX

N -4

E 10 :— MinBias x 10°

:‘1 10-7:: 0-10% x10°
> L

Z O 10} 10-20% x 1072
g 10

o 1= 13:_ 20-30% x 10
310 °

< 10 = 30-40% x 10°

- g 10'16:— 40-50% x 107
N F

10—19:: 50-60% X 10°

- 60-70% x 102
10221

il 70-80% x 107"

10-25:_ 80-92% x 10™'®

i 1 | L1l | L1 1 | L1l | L1 | L1 1 | 1| | L1 1 | I |

0 2 4 6 8 10 12 14 16 18

b, (GeV/c)

7T M FH 44 A =0 3R 73

p+pEIED ERESHHE TEE TES,
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BNL-RHIC-PHENIX: Prompt Photon

Au+Au minimum bias gq ->7q is main contribution

Raa =

d*a}" dpt dy, N(FQA(CUT) o QA(fCT))
AAd?ot /dptdy,  \AFy(zr)  Agy(zr)

| Direct Photon Au+Au\[s,,, = 200GeV, min. bias |
s 2 )
T 4+ af PHENIX

N
<

E preliminary

T, S

i iaN

('CETJ '§) X ﬁ?;(

=~ PH ENIX

a-:|E|||||||||||||||||||||||
0 2 4 6 8 10

Au

R

127714 16 1820

4 100 x.. A
[ Xx=0.1M50.2[ZHM T T20% D D> NHSNT-
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BNL-RHIC-PHENIX: Prompt Photon
m pQCD Photon = Direct Photon +

100

90}
- directy in p+p at\s = 200 GeV

Bremsstrahlung contribution (%)
3

At RHIC energy, the fragmentation
contribution is not negligible, ~30%

calculation by W. Vogelsang

70}
50
30f

20f
10}

N
NLO pQCD:

direct

v
—

Fragmentation

P T S T N NI S N AN SN S N S v.

2 3 6 5 10 iz 14
pr (GeV/c)

at 10GeV/c photon.
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Isolated/all ratio

ragmentation

L PRL98(2007)012002, PHENIX

GRV ——]" — —
il _.';x;l:—; = & L ]
; Pr 7 L]
Pr

Direct photons

T

m

2]
]

¢ decay photons
PR ISR S T NI T S NS T T

DIII|III|III|III|I
@
@
0]
@
Lo
@
—O—
—{—

B S S SR T '] 33 11

e
Isolation cutlZ kY EELFDIREH RS,
Fragmentation + Underlying Event':J: [’) EH'. Eﬁ E.rﬁE

4
“a,

[Direct Photon AutAu\s,,, = 200GeV, 0-10%|

2
: F
® 4.8 PHENIX
1.1 Prefminany Arleo JHEP 0609 (2006) 015
145
120
11 v e G r—
= 1
0'6;_ ﬁeo {
0-4:— PH ENIX == Arleo EKS
0.2 — Arleo EKS 20 <o <25 GeV
C | | |
00 2 4 6 8

! ! | | !
10 12 14 16 pT?échz)o

Isospin effect + Fragﬁen’ltation
Quenching is consistent with data 27
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BNL-RHIC-PHENIX: Thermal Photon

~— 10E
4l =
% & Ydirect = Yinal Tdirect"r']"incl.
£ 1F
= -
2
= 107
:; -
= ' S
. { PHENIX Preliminary
o :
S 10° \
=z 3
10%
104
[ | —— pQCD: Ty
10° thermal
pQCD + thermal
10—6 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0O 05 1 15 2 25 3 35 4 45 5
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p; (GeV.c)

= NLO pQCD

L.E. Gordon, W. Vogelsang
Phys. Rev. D48, 3136 (1993)

m A particular thermal Model
2+1 hydro, 1,=0.15 fm/c
T,2¢=360 MeV(T,"&=570 MeV)

D. d’Enterria, D. Peressounko
nucl-th/0503054

The data are consistent with
thermal + pQCD

PQCD questionable down to low pT

m needs confirmation from analysis of
p+p data
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BNL-RHIC-PHENIX: Jet- I\/Iedlum

m [nteraction of hard- "
scattered parton with e
dense matter. | &10°

: : 2 o
Compton scattering (jet- i

photon conv.)

m R.J. Fries, Phys.Rev. C72
(2005) 041902

Over estimation at high-pT

m S. Turbide, Phys.Rev. C72
(2005) 014906

Reproduce data well ;f
Bremsstrahlung T

m B.G. Zakharov, JETP Lett. 80
(2004) 1

[ £50 LBRA N E ]

Jet-quenching effect for fragmentation photons are
2007/12/21 Heavy lon Pubestimated with AMY formalism.

PH ENIX

PbSc direct photon p; spectra
Au+Au \,Ism = 200GeV, 0-10%
PHENIX preliminary

—
PH “ENIX

III|III|II\I
8 10 12 14 16 18 20

pP+(GeV/c)

PbSc direct photon p; spectra
Au+Au \Ism = 200GeV, 0-10%
PHENIX preliminary

—e— direct photon preliminary
—— pQCD+QGP+HG

——— Jet-Conv. + Jet-Bremss.
——— QGP-Thermal

—— pQCD (Prompt + Jet-Frag)

| III|III 111 111 1 11 11111 111
2 4 6 8 10 12 14 16 18 20

p+(GeV/c)
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Compton

@J

Fries et.al.PRL90(2003)132301

( Thermal Photon (" Jet+Medium ([ Prompt Photon R

Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation
Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation

\IOT“ _ J \_ J . J

medium P ~ p-9 (Conversion) P~ A
~ 1 GeV (QGP) v Tooeeb
200 MEV (HG) < qu (Brems) Tmedium - 1 GeV (QGP)
2007/12/21 Heavy lon Pub
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T [ ZxZRAT=D ?

fl_%,i—a::th?/ Q [ ”_F’;’%@

& Ncoll Scaling®
BRORRRE | gHELTIBS || Frosncst.

h\j(%_d_§% - t—)h\*)t)\b/u \. T

/un‘x[j: l:_nFFH n'l' fth(Thermal+Prompt)f= 4 L v F]
A +TEBBETEL 03, YITINI LTI

,%imfb I\i-”E X FYE Aot pE
o IMEZTHhBA

( Thermal Photon \(  Jet+Medium ){ Prompt Photon )
Thermal Photon (QGP) Jet-Photon Conversion Compton/Annihillation
Thermal Photon (HG) Jet-Bremsstrahlung (QGP) Fragmentation
\\ J \_ AN J
P’ ~ 1 medium p-¥ ~ p;9 (Conversion) P ~ A
~1GeV (QGP) v TR
~ 200 MeV (HG) < qu (Brems) Tmedium ~1GeV (QGP)
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q,dN/d’q [GeV ]

Reallstlc Predlctlon for L HC (

Turblde Rapp, Gale, Phys. Rev. C 69 (014903) 2004

Central Pb+Pb
=5.5ATeV

<N_,>=3000 |
-0.5<y<0.5

- -
3 -"5
—

F e in-med HG
[ = QGP (T=845MeV) ™
i -~ initial pQCD (pp)

-
-
-

=,
~—
—

~

dNyldszdy [GeV ]

210 [

10

PRC72(2005)014906STurblde C aIe S

)eon G.D.Moore

Photons at LHC
Pb + Pb, s *=5500 GeV

-—- N-N TR

— jet-th

— - jet-fragmentation
« jet-bremss.

th th
| ] | | | |

T =845 GeV

8 10 12

One of predictions

14

16 18 20 22 24 26 28 30

P, [GeV]

Thermal Photon from HG: <1GeV/c

Prompt Photon : >15GeV/c

Thermal Photon from QGP: 1-5Gev/c
Jet + Hot Matter : 5-15GeV/c

[

1-15GeV/c Photon caused from Hot Matter = QGP

]
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Wider and Higher energy range than that at RHIC energy
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Realistic Prediction for LHC (2)

Pb-Pb — y+X, 5.5 TeV [0-10% central]

103 -_ Totaly: prompt + thermal
i . ., = e,
10PL- — —- Prompt NLO = Moy B 0. =50 GV 1 cl-th 0707.2357
Thermal: @GP
Thermal: HRG

T

Tolt,=0.1 fmic) = 650 MeV
Initial conditions of hydro cgrresponds to dNMad"/dy~2000
=> scale properly decay phpton yield from slide 1

d*N/(m dpZdy) (GeVic)

=% =
=] =]
in IS

|T|T| IIII||! |||||q TTI

107 crn b b b b bvsna e pa beanald

1 2 3 4 5 6 7T 8
One of predictions P (GeVic)
Thermal Photon from HG: <0GeV/c

Thermal Photon from QGP: 0-4Gev/c
Prompt Photon : >4GeV/c

[ <4GeV/c Photon caused from Hot Matter = QGP ]
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"
Realistic Prediction for LHC (3)

Photons - \|5N = 5.5 TeV Pb + Pb 5 % Most Central Collisions

E} 1 B B T T T T T T T | T T ]
;a;: - Hydro + NLO pQCD (see text) |
— - High Estimate _
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Good News for LHC

Suppressmn of Prompt Photon?
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