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EM probe introduction

VA

Penetrating probe
Emerges at every stage

Pre-equilibriu




Va

Why with PHENIX

Fine segmented EMCal | =&
Electron identification | -

+
High DAQ rate
Trigger

—OQutline of this talk

Direct photons at high pT
Low mass dileptons
Thermal photons via di-electrons

(Only for the mid rapidity)
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Direct photon

VA
EMCal hit example
Measurement It €éxamp
Background subtraction E=14.4GeV (PbSc)
70 to 2y '

n® 2gamma distance
> 28 tower / En° [GeV]

Thanks to the fine granularity!
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Direct photon spectra

\/\ \/\
p+p 200GeV
Au+Au 200GeV Good agreement with pQCD
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Direct photon R, ,

w
. This plot is already shown
R, (since QMO6) " y SOt
many times as a preliminary.
’ - PHENIX Preliminary PbG| & PbSc m directyR 0-10%
1.8— ]

E Au+Au,ﬁ=2ﬂD GeV L b R, 0-10% (arXiv:0801.4020) Comments
1.6— v R, 0-10% cppe . . .

- ! —— A difficulty in high pT region.
147 PHXENIX (=pi0 merging, very rare.)
12y We need to be careful.

S I HH* 1 B B B D
0.8 # j ! : * t + Various checks are done.
0.6 O, n + It is confirmed that the
04" 9B * decrease of R_AA at high pT
02t i ST T T % is real, but with a slight

: | 1 | 1 1 | 1 | 1 | 1 1 | 1 ? 1 | L1 1 | 11 1 | 1 1 | 1 Increase.

ul] 2 4 6 8 10 12 14 16 18 20
P; [GeVic]

6/13/2008

K.Okada HPOS8

\/\

The final plot is coming soon!
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Direct photon R, ,

Raa (since QMO6)

PHENIX Preliminary PbGl & PbSc

Au+Au,ﬁ=2ﬂD GeV

directy R 0-10%
Ah

7 R,, 0-10% (arXiv:0801.4020)

N Ry, 0-10%

PH-<ENIX
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Curves : F.Arleo JHEP09(2006)015
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Isospin effect
— = = +cold nuclear effect (EKS)

K.Okada HPOS8

\/\

This plot is already shown
many times as a preliminary.

Comments

A difficulty in high pT region.
(=pi0 merging, very rare.)
We need to be careful.

Various checks are done.

It is confirmed that the
decrease of R_AA at high pT
is real, but with a slight
increase.

The final plot is coming soon!

+energy loss 20<m. <25GeV



RAA

Cu+Cu Vs=200GeV

VA VA
(Run 5) Direct y Rya VS Npyo
8 3 — T & ! T o 1-‘_
g 0%10% PHENIX Preliminary ] 8 1 i s
Qa2 S (] | P ——
> i A'_ ] O I I l
oL + * } L osll| & ¥ I l | I
QJ E A -
________________ FSOTTO TS O 00 S, A0 S : 1
% ! _I +H+++++?+ + + t; o.sE-
(1) - H
o = 0.4
I T R T 02‘ SR IerHeEiI:IT:)i(nar
P, (GeV/c) g O cu+Cu y
N R BT TR R B
Npart
* DirectyRy,~1
* |sthere other evidence for nuclear effects?
— Reduced/enhanced radiation due to jet quenching
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Data/(NLO pQCD (m=p;) x T,g)

Au+Au and p+p Vs=62.4GeV

VA

pT=21GeV at \s=200GeV corresponds to
pt=7GeV at Vs=62GeV in x;

Free from the difficulty of piO photons merging.
The isospin effect should appear.

3 e B
u Au+Au\[s, = 62.4GeV v [
2.5 0-10% € 1o
- Au+Au | ==
- Ll
2 — { 10°
1.5~ el
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05— pH ENIX
| ---- [m=05p, )/ {m=p;)
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n 1 | ] | | 1 | ] 10
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T p;(GeVic)

Vs=200GeV pT=21GeV

at the same xT
K.Okada HP0O8

pp = vX \s=624 GeV

TN - -
e PH ENIX Preliminary
Bands represent systematic error
—— NLO pQCD (by W.Vogelsang)
CTEQ6M PDF
w=1/2p_, p., 2p,

p+p

p, (GeV/c)
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Fragmentation photons

D
Components

Direct = prompt + fragmentation + medium effect
It is important to include the jet quenching effect to understand the direct photon yield

—Decomposition study (for p+p case to begin with.)

v(Isolated)/y(all direct)

Isolated/all ratio

1.2 -
Direct photons

1
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PHENIX, PRL9S, 012002 (2007)

[=]

Hadron tagged events A correlation

An isolation cut
(high pT region : easy to understand

Low pT region : underlying activity effect.

Difficult with a limited acceptance?)

6/13/2008

Y frag (A ¢)
Nearside Ag(h™,y) inclusive Ydecay
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Fragmentation photons

6/13/2008

Hadron tagged events A¢ correlation

Integrated near side ratin:vﬁagfﬂ(_nc

o JLELELE L L L L L L .
e § PHENIX Preliminary _
e 1 200GeV p+p ; =
= - p,, 2.0 -5.0 GeVc -
g — Integration from -0.5 to 0.5 in A¢ i
o~ = =
S — i ]
102 = 1 E
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PH . ENIX b, (GeVic)
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" Electron(s)
Another EM probe in PHENIX

It is the main player in low pT region.
It is hard to analyze the EMCal photons
- low signal to background ratio (nature and far from the collision)
- poor resolution

l Charm, ‘5. Y \(ff
bottom
on

—Another topic

(A.Dion Wednesday) (I)’ ® > Dalitz decay,
External conversion
G+ And combinations
. (= background)
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" Dielectron analysis

Signal extraction from the ee sample

\/\

*Signal definition : from the same origin or open charm/beauty pair origin

There are huge combinatorial
Au+Au g
;110-4 d4 T T 17T | T T TT1 T TT | T T 171 | T TT | T T 1T | T TT | T T T IE baCkground.
D T | ! I I I ! ! I E| E . .
= - But it is well controlled.
T 10° E
E -
~10° =
n : ' : : : : =
c AR TTEET TR TN SPTUR TUUTRTY |0 PR T,
3 . @ 0051152253354 - p+p
©107 & m,, [GeVic'] - < Y I | | L | | A
= G g Unlike Sign E
108 | qef :;;u-“- i o alle'e pairs -
E Gy E; 107 § — combinatorial background E
_: ZE ® correlated pairs E
100 L © alle’e pairs g — crass pairs (EXODUS) =
£ — combinatorial background (B) 2 === jel pairs (PYTHIA) -
100 (" signal (S) ° —=
E o signal from converter runs | | | | N 3
T T T T I T T T T T Y Y N T T T A | I 11 1 Ll 1 | | L1 -
0 0.5 1 1.5 2 25 3 3.5 4 =

The signal contains Dalitz decays of mesons, let’s see the cocktail calculation!
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p+p cocktail comparison

Va
What’s in p+p?

T

10°E p+p at\s = 200 GeV 3“’“’

* DATA

10 & Iv1<0.35
P, > 0.2 GeV/c

—
9
PERE

107 &
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1N dN/dm {c¥GeV) IN PHENIX ACCEP

e ==+ DY - ee (PYTHIA)

T T
Jlyr = ee
Yy ee
=== cT - ee (PYTHIA)
—bb - ee (PYTHIA)

—_—sum

?- E/." .
107 s i

aE]

A2
10 ‘\

i

.
o,
"
“x
ta

1/N,, dN/dm,, (c%GeV) IN PHENIX ACCEPTANCE

.
a
e,

10™g T2 3 4 5
Charm: integration after cocktail subtraction

- 0,=544 * 39 (stat) £ 142 (sys) £ 200 (model) ub
Simultaneous fit of charm and bottom:

- 06,=518 + 47 (stat) £ 135 (sys) + 190 (model) ub

— Opp=3.9 £ 2.4 (stat) +3/-2 (sys) ub
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*Data absolutely
normalized

*Excellent agreement
data-cocktail

*Extract charm and
bottom cross section

( —>heavy quark
A.Dion)

submitted to Phys. Lett.B
arXiv: 0802.0050
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Au+Au Cocktail comparison

Al
9°E min. bias Au+Au at \[s,,, = 200 GeV

:I - DATA R{; ..... ¥ ?ee Jf\l-l' ..... Q0
10"2 E iyi < 0‘35 [ n ..... ¥ ]-'ee L.I.'” ..... » ee
4 Pr>02GeVic __ v ,.ee  ---- cT->ee (PYTHIA)

p—ree e ct — ee (random correlation)

N, Y =n
B ¢ —> ee & nee PH-ENIX
submitted to Phys. Rev. Lett
arXiv:0706.3034

.
fra,
e,

r
v
[
Vg
e,

1IN, dN/dm,, [cz!GeV] IN PHENIX ACCEPTANCE

" *u,
' _-m’\}k\h\a.\k\u\u it Lkt e Rl ol I

0 05 1 15 2 25 3

A huge excess is seen in the low mass continuum.
Charm correlation is unknown. (2 assumptions: random and PYTHIA)
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1IN, dN/dm,, [cszeV] IN PHENIX ACCEPTANCE

Centrality Dependence

min. bias Au+Au at \|s,,, = 200 GeV

+ DATA 2 yee JY > ee

10"

102} I¥I<035 sme o> yEE V' ee =
pr>0.2GeVic __ n - yee ==== cC— ee (PYTHIA) =
p-ree e cC — ee (random correlation) -

o— ee & 'ee
= > ee & nee

1 IIHHI‘ | IIHLUJ |

o os gkl i T
6/13/2008 m,, [GeVic’] K.Okada HPO8
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Centrality Dependence

e

.
=

s

it

Cad

R T T
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min. bias Au+Au at \|s,,, = 200 GeV

+ DATA 0 - yee JIY > ee
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-
S
<

o— ee & 'ee
=== ¢ —» ee & nee

1 llMUﬂ IN

2
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=)
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V 0.5
6/13/2008 m,, [GeV/c?]

o
(]

o

~ 2._ @ AusAu(0am_ <100 MeVic) _
Z @ P (0<m <100 MaVic?)

"E‘ 11— r Py COCKTAIL {l]-:mﬂﬂlll} MeVie?) ]
;g_ DU 50 100 180 200 280 300 3580

145 2 25 3 as W TTds

7° region:
e Agreement with cocktail

K.Okada HPOS8
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Centrality Dependence

£ m"(é)"Q"A"\F'zéu'e\}” e e | n° region:
g C u+Au at e N\ ] .
S A PH ~ENIX j e Agreement with cocktail
§ C part n
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6/13/2008

S
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.l\.'l 035 .

AutAu at \s,, = 200 GeV
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p-ree e cC — ee (random correlation)
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trality Dependence
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6/13/2008

7° region:
e Agreement with cocktail

Low Mass:

e vield increases faster than
proportionalto N __,
> enhancement from binary
annihilation (mmor qq) ?

Intermediate Mass:

e yield increase proportionalto N_
- charm follows binary scaling

1 llMUﬂ IN

iy W

4.5
m,, [GeVic’]

K.Okada HPOS8

T 12
= 4oF Au+Au atyjs,, = 200 GeV
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% 8 | Ylﬂld "l NGO" ;X<<E N IX
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E //{/
o
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Dielectrons

M VA

The p; dependence of the excess in AuAu.
(pp is normalized with m<0.1GeV region.)

S“ T ‘ T T T ‘ T T T ‘ T T T | | | |

& 10'E 3 E

:G; g 0.0 GeVic <p <80 GeVic E PHENIX Preliminary 0.0 GeVic <p < 0.7 GeVic E

2 O min. bias Au+Au (Rund) 10 O min. bias Au+Au (Rund) 7

£, 5 @ p+p (Runs) g & p+p (Runs)

E 10 — Cocktail p+p EL:. — Cocktail p+p iE|

T both normalized to m_, < 100 MeVic®  1E&L both normalized to m_, < 100 MeVic®

3 T 7

B

3 10° e e R S E = E

o o . - _m_—ﬁJ—_D_qJ_ e ]

T ﬂﬁﬂ? i

10" . =

—— 4 ¢¢ . " =

10° * —qu

=

. 0<p.<0.7 GeVY/c

B e e e B B e B
> .

& o o =

N PHENIX Preliminary 0.7 GeVic < p < 1.5 GeVic PHENIX Preliminary 1.5 GeVic < p, < 8.0 GeVic 3

=, O min. bias Au+Au (Rund) - 0 min. bias Au+Au (Rund) 7

£, o ® p+p (Runs) ® p+p (Runs) _

§ 10 — Cocktail p+p = — Cockiail p+p E

T both normalized to m,, < 100 MeVic® 8 both normalized to m_, < 100 MeV/c®

a - -
£

= 10° =% =

T - ]

10 = b =

= r 1 % 3

T S ] = & ]

: L _—ﬂﬁi—o— . —

10° = o ! . E

=F = “'w 3

0.7<p,<1.5 GeV/c 1 1.5<p.<8 GeVic N g

T
10‘B PR S R I R N T T S N A S ST SO N SO SO N TN SO =S RN SN SRR AT SN SN MR N R NN T NN ST SN S AT S W ‘ -
0 0.2 0.4 0.6 0.8 1 1 0.2 0.4 0.6 0.8 1 1.2
m,, (GeVic?) m,, (GeVic?)

p+p: follows the cocktail _ .
The pT dependence is not explained

The enhancement is by a model of vector meson modification.
dominant in the low pT region. (the detail is in the backup slide.)

6/13/2008 K.Okada HPO8 20



Dielectons

M VA

There are three dimensions ; m_,, pT,., Centrality.
1 dN
N evt dm ee @
1GeV GD
M Centrality

% : The low mass enhancement.
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Dielectons

M VA

There are three dimensions ; m_,, pT,., Centrality.
1 dN
N evt dm ee @
1GeV GD
M Centrality

% : The low mass enhancement.

V' 4

pT >1, low mass region to be attributed
to direct photon production.
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Dielectron = photon?

VA N
They have the same quantum number. ot
Kroll-Wada formula connects the real y and (ee) yield. q e-

d’N 2« 4m’ 2m? ) 1 )
= 1-— —| 1+ . SdN
dM ee 37Z- M ee M ee M ee q

When IOT2 >> M eze , $=1 for photons.

Independent of the origin in the very low mass region (M_, < “30MeV)
Pi0 Dalitz dies out above the pi0 mass. — The key to improve the S/N ratio.
Direct photon follows 1/M,..

10° ¢

—— b Dalitz

102 — 1 Dalitz

direct v internal conversion

10

Procedure L
Cocktail o
Normalized in the very low mass region
Extract the direct photon component

102

10'3|||||||||||||||||||||||
0 0.1 T 0.2 0.3 0.4 0.5 0.6

M., (GeV)



Dielectron=photon

VA VA
In p+p, the signal appears above pT=2GeV/c.
The result agrees with the EMCal result.
@107
E . 1<p1,<ZGeV.fc
(=3
8 (a) p*p 2<p_<3 GeVlc x| nat 10.19/15
s 10%E i 07 e p0 0.01834 + 0.01457
i o 3,4 Gove mE From dielectron P 1.432 +0.6949
T ke - , p2 -3.27 +0.1748
;10-5 4<p <5 GeVic '> 10t RIS U
R (] =
T O -
: 2 b PHENIX EMCal
51 E F (PRL9S, 012202)
-y 10° g
107 E -
: mb - __
- 0E
L =
10-8 L
107 &
10'9llll||‘||||||||||‘||||||||||| _IU-Q_IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 005 01 015 02 025 0.3 1] 1 2 3 4 5 G T & g 10
m,... (GeV/c?) P, (GeVic)

The first direct photon measurement below pt at 3GeV/c.

Surprisingly the pQCD calculation agrees down to 1 Gev/c.

(the comparison is not on the plot.)
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Dielectron=photon

VA VA
In Au+Au,
1:data (mee ) = (1 - I ) . fcocktail (mee )+ r- 1:direct (mee )
Independent of the origin in the very low mass region (M_, < 30MeV)
107
§" E Au+Au (MB) 1.0<p._<1.5 GeV/c The effect of the low mass
g cocktail components —f,(m) Enhancement is thought to
3 T ¢ i'm) be small
8107 £ F
X E | ::] — (1-nf (m)+rf  (m) qg,mn: Mee<0.3GeV
[ -1 r=0.128+0.015
E407 "9 ¥2INDF = 13.8/10
s b
e
KA
0% =
E E
e C G
e 3 . %
L] B WL ::
0% el
N R 1...|hT'|:¥.ﬂ._| AT ISR ST DR AR BN |"|"‘|."|IIT"|‘J""|_|_l'r- P ra g
0 005 01 015 02 025 03 035 04 045
m,..- (GeVic)
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Dielectron=photon

D
In Au+Au,

1:data (mee ) = (1_ r). fcocktail (mee )+ r- 1:direct (mee)

in PHENIX acceptance
= -

= =]
X3 -

2
dN!de:i, (c ."GEV}_‘
S =)

-
=

Independent of the origin in the very low mass region (M_, < 30MeV)

5T T ITA

L]
sy .

atla
st

Au+Au (MB) 1.0¢pT-=‘:1 .5 GeVlic

cocktail components

[
L
"
1

»

-

-I‘ 1a, |

. ECSL T . -
e H * AL PO et -
ey T B I A AN N B B N S |_l[ T R LT B R

The effect of the low mass
Enhancement is thought to

—f (m
o f"i'i,l)) be small
— (1-nf (m)+rf  (m) qq,mn: Mee<0.3GeV
r=0.128+0.015
xszDF =13.8/10
The fit follows

the data points.

S

.g_
o
h -

6/13/2008

01

025 03 035 04 045
m,..- (GeVic)
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Ed*N/dp*(GeV?c?) or Ed’c/dp® (mb GeV2c?)

Dielectron=photon

\/\

\/\

The Au+Au result is compared to p+p. Submitted to PRL, arXiv:0804.4168

sxp + TAA scaled pp

104§ TABLE I: Summary of the fits. The first and second errors
35 & 4 AuAu MB x10* are statistical and systematical, respectively.
10°E
- ¢ *  AuAu 0-20% x10? centrality dN/dy(pr > 1GeV /c) T(MeV) x?/DOF
10°E 0-20% 1.10+ 020+ 030 | 221+23+18| 3.6/4
= o ®  AuAu 20-40% x10
100 20-40% 052 +0.084+0.14 |214+20+15| 5.2/3
¥ PP MB 0.33+£0.04+009 |224+16+19| 0.9/4
1
10c S . ;
g e Significant yield of the exponential
102 = component (excess over the scaled p+p)
103E * The inverse slope is ~220MeV. (If power-law
1043_ is used for the pp component, the value of T
- would increase by ~24MeV)
5 . - . . .
10 “Fit to pp * Sinceit’s anintegration of the entire
10°= evolution, the result ~220MeV indicates the
10_7:| il initial temperature much higher than the
1 2 /3 4 5 o ?Gew{:;" critical temperature.
NLO pQCD (W. Vogelsang) T
6/13/2008 K.Okada HPOS8 27



Theory comparison

VA

Thery compilation by D. d’Enterria and D. Peressounko

EPJC46,451 (2006)

o 10

3\ 5 \ Thermal photons: Au+Au —» y+X [0-10% central]

— ‘A““ -------- D4 Enterria-D,Peressounke, T, = 590 MeV,1,=0,15 Im/c

3 1 * S.Rasanen et al, T, = 580 MeV,2,+0,17 tm/c

(O] 1 DK.Srivastava, T, = 450600 MoV, 1,=0.2 fmic

: 1 0.1 ‘l S.Turbide ot al. T, = 370 MeV, 1,+0.33 fm'c

% N\ —f— JAlam otal T, « 300 MoV,5,=0.5 fmic

Ni V\ \ \ Y PHENIX AusAu [0=10% central)

T 10-2 A . Prompt . NLO pOCD x Ta[0-10%)

E A

= e PHENIX

<10 N\ ®

= | N Au+Au 0-20%

-4 2 NDRRY
10 : ‘\\
10° 5
10° Ty
10‘7 11111111111111[111111111111111\1‘*1‘1111111111
o 1 2 3 4 5 6 7 8
p; (GeV/c)

6/13/2008 K.Okada HPOS8

0 D.d’Enterria &D.Peressounko
B T=590MeV, 1,=0.15fm/c
] S. Rasanen et al.
B T=580MeV, 1,=0.17fm/c
[ D. K. Srivastava
B T=450-600MeV, 1,=0.2fm/c
] S. Turbide et al.
M T=370MeV, 1,=0.33fm/c
1 J. Alam et al.
B T=300MeV, 1,=0.5fm/c
[0 Hydrodynamical models are
agreement with the data within
a factor of 2 in spite of these
models have wide-ranging
conditions.
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Initial temperature (with aid of models)*

VA

Hydrodynamical models in

st e qualitative agreement with the
B data: Eur.Phys.J. C46 (2006) 451
— D.d’Enterria &D.Peressounko
2 o T=590MeV, 1,=0.15fm/c
é 0-35;— - S. Rasanen et al.
= & T=580MeV, 1,=0.17fm/c
5 et D. K. Srivastava
- T=450-600MeV, 1,=0.2fm/c
02E - © . S. Turbide et al.
0.15[- ° T=370MeV, 1,=0.33fm/c
- |3[||ﬂl - I35|i'.'.|'I - I4[|H]'I - I4|5{]| - ISIl:IDI - I5'|5{]| - Iﬁl!lﬂ'l J. Alam et al-
T=300MeV, 1,=0.5fm/c
Tinit (MEV)
T....> T_.even for simple exponential!

8$13/2008

* and 1 billion events ...
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RP dependence

Ideas

hard scatter

Jet Brems.

Jet Fragment

sQGP

photons
from jet

Bremsstrahlung
(energy loss)

It is an additional sight of the matter.

6/13/2008

K.Okada HPOS8

annihilation
compton scattering

TS
v,>0

~~a V,<0
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v, Measurement

M U
>N 0-3: ;ﬂ 0.5 :I TTT TTT TTTT TTTT I TTTT I TTTT | TTTT | TTTT TTT |:
025:_ Run4 MB 04 centrality 00-92 % =
- g Au+Au 200GeV u.a%— - @ Direct photon v, _E
0.2— E I
- 0.2 PHENIX preliminary 3
015 0.4F lHE o . =
- = Tl 8 =
0.1 ofF— 0 + =
0.05"; 01E $ E
n 0.2F | —
of @ Decay photon v2 ok \Sy=200GeV 3
00s— @ Inclusive photon v2 oab. Au#Au collisions
0 : | L1 | L1 | | L1 | | | | | - | | | L1 1 'OSEI 111 111 | 11 11 I 1111 I 1111 I 1111 | 1111 | 11 11 I 111 IE
Y v 2 3 4 5 8 7 8 9 10 0 1 2 3 4 & 6 7 8 9 10
P, [GeVic] p. [GeVic]
inc . photon BG _ photon
* i
dir . photon R V2 - V2 N inc . photon
V2 = R
R-1 -

BG _ photon
N

The v2 is small at high pT !

How can we improve the precision?
—Statistics Run7=3*Run4, and *4 equivalent with RXPN.
—S/N improvement with the dielectron method.

6/13/2008 K.Okada HPO8 31



Summary

VA

Results

*The PHENIX detector is powerful for the EM probes.
*Direct photon cross section is measured from pT = 1GeV/c to 20GeV/c.
R_AA drops at highest pT, it can be explained by the isospin effect.
At low pT, there is an excess in Au+Au. From the inverse slope, the temperature
is estimated to be ~220MeV.
The v2 is small at high pT.
*In the dielectron mass spectra, a large enhancement is seen in the low mass region.
We see it is dominated in low pT region.

Next

*Run7 Au+Au statistics (3*Rund) with reaction plane detector
*Run8 dAu Check the cold nuclear effect.

*HBD for dielectron analysis.
*NCC extends the coverage to forward.

*High luminosity enables more precise correlation analysis.



BACKUPS

6/13/2008

K.Okada HPO8
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Something not in the slide

d+Au
photon HBT analysis
Direct photon consistency with external conversion method and piO tagging method.

6/13/2008 K.Okada HPO8 34



PHENIX Data Sets

Collided 4 different species in 8 years:
6 energies run:

6/13/2008

K.Okada HPOS8

Au+Au, d+Au, p+p, Cu+Cu
9.2 GeV, 19 GeV, 22.5 GeV, 62.4 GeV, 130 GeV, 200 GeV

““RUn Year Species | Vs (GeV) [Cdt [Nyt (samp.) | Data Size v
Runl 2000 Au + Au 130 1ub™ 10 M 37TB
Au + Au 200 24 pb* 170 M 10 TB
Run?2 2001/02 Au + Au 19 <1M
p+p 200| 0.15pb™ 3.7B 20 TB
+ -1
- 002/03 |9 AU 200| 2.74 nb 5.5B 46 TB
D +p 200| 0.35 pb™ 6.6 B 35TB
+ -1 ,
— »003/04 AU AU 200| 241 ub 1.5B| 270TB
Au + Au 62.4 9 ub? 58 M 10 TB -
Cu +Cu 200 3nb?t 86B| 173TB g <
+ 'l
RUNS 2005 Cu + Cu 62.4| 0.19 nb 04 B 48 TB = O
Cu + Cu 224 27ubt 9M 1TB| <C X
p+p 200| 3.8pb™ 85B| 262TB| x| O
+ -1 ™M
RUN-6 2006 p+p 200| 10.7 pb 230 B 310TB o)
p+p 62.4| 0.1pb* 28 B 25TB
Run-7 2007 Au + Au 200 813 ub™ 51B| 650 TBlg—
d + Au 200 80nb* 160B| 437 TBle
Run-8 2007/08 pD+p 200 52pb? 115B| 118TB
Au + Au 9.2
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Direct photon

E=

EMCal hit examples

Measurement

10.0GeV (PbSc

11.0GeV (PbSc|

E
E=14.4GeV (PbSc)

11.3GeV (PbSc]

E=

W DB RO NT Oy

Background subtraction

n0 to 2y

E=14.4GeV (PbSc)

Istance

n® 2gamma d

[GeV]

> 28 tower / Ext©

Eﬂc;;sGe\’

Thanks to the fine segmentation!

36
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Direct photon

w
Signal : direct photons

Noise : hadronic decay photons (mostly from =°)

AutAu ad s/

S 7 1
t PHENIX preliminary /} s E
- 4_5;_ Eoisiis 4 E 0.9; all hadron
g 4 ] qSNN = 200GeV Il / ! 0.8
= 5 o Ry 0.7
2 3.5F 0-10% Vs il s -
Ty - ,/, 0.5:—
s 3f + =
o : * 0.5
c 2.5k #,‘ 0.4
S— E s -
— 2t U/, 0.3
: 7 C
s © 1.55 7 0.2
: 0.1
1' BEIII|III|III|III|III|III|III|III|III|III|III|III
055111111 0 2 4 6 8 10 12 14 16 18 20 22 24
L LA L LA L AL L - - A 0 1 20 1 pT[GevIc]
0 2 4 6 8 1012 14

p.(GeV/c)

The signal is significant for pT more than 3~5 GeV/c.
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e
X

direct y/inclusive y

=
-

r=

0.05

Fraction of direct photons

e Fraction of direct

u_

p+p Au+Au (MB) photons

: 1 ] » Compared to direct
- @ 1 (PAurAuMin Bl t 17 photons from pQCD
B _ T p+p

T ﬁ; (1)8& ] « Consistent with

1 u=2.0p; ! _ NLO pQCD

: ] 1 * favors small p
% | 1 Au+Au

Z I ] * Clear excess above
el bbbt T bt teeenn.d - PQCD

6/13/2008

| 1 11 11 1
1 1. 2 25 3 35 4

P, (GeVic)

4.5 1 1.5 2 2.5 3 35 4
evic

4.5
P, (GeVic)

NLO pQCD calculation is provided by Werner Vogelsang

K.Okada HPOS8
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Results: Ry,

VA Vo
L8 ' ' L L 18 \‘\-\ | o S i
| 61 Au+Au  0-10 % ] L6\ Au+Au  0-10 % ]
12 o L i 1.2F
. el T T B, >~ 1
< I & T 1 2
08 @ E 4 ~ 0.8 -
0.6F E - 0.6r | ® PHENIX PRELIM. E ]
I . . —_ t +QGP i
0.4+ ® PHENIX PRELIM. - 0.4 i - ixﬁit + QGP (no jet-plasma) _
L ——- prompt (with shadowing, no isospin, no E-loss) 7 02k — .- prompt (Q=pT)+QGP i
0.2 0 prompt (with isospin and shadowing, no E-loss) 7 ) | | . — . prompt (no-isospin) +QGP l
| L l 1 | I | L | | | 1 | | | | 0 L - - - L L L L I L ! L L
0% 8 10 12 14 16 18 20 4 6 8 10 (I}ZV 14 16 18 20
p; (GeV) p; (GeV)

The discrimination between models is dependent
on the high p; photons

See also F. Arleo, JHEP (2007)
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_Reaction plane detector (RXNP) _

Run7 has new detector for reaction plane definition.

y

] Reaction Plane from BBC

u.sf—
0.8 E_ . Reaction Plane fram RXMNP
07 @ * o
A F i
0.6 @ i
2 0sk -
2059, .
Y 04F -ty
> F e . ad
0.3F @~ - -
= 5 3 .
uz?* - .
01 **** .-
u:IIIIIIIII|IIII|IIII|Illllllllllllllllllmll
0 10 20 30 40 S50 60 70 80 90 100

RXNP has twice better resolution
than BBC.

Centrality [%]
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Hadronic cocktail

U
Origins
Gltg 1 1T 11773 Hadronic cocktail from our
L oEy p + p at\s = 200 GeV - ;
S0 E Y es0  orr cwsee = measurements.
c10%E u Ot "ol =
© o T *N—=2>YY ODw—yn’ =
EN0EY Y cnomrroooee 3 Anexcellent data set!
o q[@. Y oK *0— KK (noKPID) -
% Q;ﬂ-:"_ " * 90— KK (one KPID) 3
[sr] Q B IJ.I" + - ]
310-1 @“-..,K'*'zs B y—e'e -
L 7
1078 S ik PHENIX Preliminary
0x 1/3%,  &m *. - d 3 A
107 Ry — ° _
ﬂ. '-‘*{} E 3 - 2 n
107+ LT '..,,m.”"h,i?é —§ d P (exp( —ap T~ bp T) + pT/po)
sCoJy 1 - R - .
107 Tt “img | *.4nx10%%  Other mesons well measured in
¥ bt . - - . .
10°® . g, electronic and hadronic channel
107 * “#..] Other mesons are fit with:
- 1 l ~._1 m;scaling of m° parameterization
IR N R S T R | | e
0 2 4 6 8 10 PrV(P M egon™M,)
p_(GeVic) fit the normalization constant
6/13/2008

K.Okada HPO8
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K Derg S Theory comparison

E.BratKovskajo+=W-Cassing

min. bias Au+Au at\(s, =200 GeV
T . DATA
cocktail + random cg: 9.5fm
total
= vacuum p (RR+HH: 1fm)
= in-medium p (RR+HH: 1fm)
——— dropping p (RR+HH: 1fm)

in-medium p (KD+IZ: 3fm)

dN/dm_, [c¥GeV] IN PHENIX ACCEPTANCE

collisional broadening (EB+WC: 9.5fm) . :
collisional broadening + dropping p (EB+WC: 9.5fm)

=  HADRONIC

_ n-r annihilation
%6/13/2008

10.5IIIiIIIiIIIiIIIiIIIi |
0 02 04 06 08 1 12 14

(&

mee [Gel 11_21

VA
* Freeze-out Cocktail + “random”
charm +
p spectral function
Low mass
e M>0.4GeV/c?:
some calculations OK
e M<0.4GeV/c?:
not reproduced
Intermediate mass

Random charm + thermal partonic
may work

PARTONIC
(& . e+
.-
q
g q

«o@ds 1ros @-q annihilation 42



10
1

—_ —
o o
Ry L

T

) d*N*/dp_dy ((GeV/c)?)
o
&

Py
o:'.n

pr dependence |l

p+p

Au+Au

IIII|IIII|IIII|IIII|IIII
p+p aty/s = 200 GeV

m,, <100 MeV/c? x 10

100 MeV/c? < m,, < 200 MeVic’ x 10

200 MeV/c? < m,, < 300 MeV/c?

300 MeV/c? < m,, < 500 MeVic? x 107

500 MeVic? < m,, < 750 MeVic? x 102

810 MeV/e? < m,, < 990 MeV/c’ x 107

PHENIX Preliminary

600 MeV/c? < m,, < 900 MeVic? x 3-10™

By 0 HEE

min. bias Au+Au atyfs_ = 200 GeV

® m,, <100 MeV/c? « 10

# 100 MeVic® < m,, < 200 MeV/c? x 10

® 200 MeVic? < m,, < 300 MeV/c?

® 300 MeVic? < m,, < 500 MeV/c? x 107
500 MeV/c? < m,, < 750 MeVic? x 107

® 600 MeVic? < m,, < 900 MeVic? x 310

# 810 MeVic? < m,, < 990 MeVic? % 10°

| o Wy [nvariant Yield ﬁmpmrz;,

o 4 | \ PHENIX Preliminary

1 2 3 4

5] 1 2 3 4

P, (GeV/g)

p+p: follows the cocktail for all the mass bins
Au+Au: significantly deviate at low p+

6/13/2008
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5
p. (GeV/c)
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Understanding the p. dependence

min. bias Au+Au atx.fsNN = 200 GeV

<100 MeV/c? x 10
100 MeV/c? < m,, < 200 MeVic? x 10
200 MeV/c? < m,, < 300 MeVi/c2
300 MeV/c® < m_, < 500 MeVic® x 107
500 MeVic? < m__ < 750 MeVic? x 107
600 MeV/c? < m_, < 900 MeV/c? x 310
750 MeVic? < m, < 820 MeVic® x 10"
810 MeV/c? < m_, < 990 MeVic? x 10°®

PHENIX Preliminary

6/13/2008

my - m, (GeV/c?)

K.Okada HPOS8

\/'\

Comparison with cocktail
Single exponential fit:

Low-p;: 0<m;<1 GeV
intermediate-p;: 1<m;<2 GeV

2-components fits

2exponentials
m,-scaling of 7% +
exponential

Low p;:

inverse slope of
~120MeV

accounts for most of the
yield
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Yields and Slopes

% J_ min. bias Au+Au at\[s,, = 200 GeV PHENIX Preliminary ZE - PHENIX Preliminary__min. bias Au+Au atyjs,, = 200 GeV
-k dielectrons 5,1, K',K,pand p = - _ .
% e highm_((local) /0-5% E L Low Pr YICIC!
% 08— a lowm, (local) 0 40-50% 10° A 2expo fit .
% = low m; (combined fit) <r60-92% - | mT-scalmg +eXpo fit
Z L o, 0, Jy — e'e C
0.6_— - ® ; ?
B T 10 = ‘ ? ‘
04— i+ A ! = ‘
o !l ?@I Ig - ;
02— sl .
C AT i "E @ Total yield (DATA) ;
N _IIII|IIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII
0 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0 0.5 1 15 2 25 n (Ge:i' ) m, (GeVic?)

-Intermediate p;: inverse slope increase with mass,
consistent with radial flow.

‘Low py:
-inverse slope of only ~ 120MeV!ll
-accounts for most of the yield!ll
-Cold and Bright
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Theory Comparison |

\/\ \/\
‘r' 10 IIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III[§ ﬁ.‘_.mw”””m”””m—k:“n”:g
ClR min. bias Au+Au at\[s,, = 200 GeV 3 g0 e
= . n-:]e <100 MeV/c* x 10 = 07 ~ vremas
@ B * 100 MeWc <m,, <200 I'1.‘h=.-"m'.ﬂr..-2 x10 _J oty .
o 10 ® 200 MeV/c? < m,, < 300 MeV/c’ = & 1o} e
=, * 300 MeVic) <m,, < 500 MeV/c] x 107 - S 10 — onencomeu
210 500 MeV/c> <m,, < 750 MeV/c? x 107 E Froet
- 3 * 600 MeVic3 < m,, < 900 MeV/c2 x 319> S10oF e
210 * 810 MeV/c’ < m,, < 990 MeV/c? x 10 o oA
-~ B j. F
PHENIX Preliminary N
11(;-15 = \\/\W ul
10.122 A\ A V\f\!\ A
oo VRN
000 O TR O A A A B
0 05 1 15 2 25 3 35 :[(:efllc]s

1014

apbn bbb

10" 05 1 15 2 25 3 35 4 45 &
T[GaWc]

6/13/2008 K.Okada HPO8

Calculations from

R.Rapp & H.vanHees

K.Dusling & I.Zahed
E.Bratovskaja & W.Cassing (in 4n)

The cold component is
not yet explained
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Dielectons

VA v
There are three dimensions ; m_,, pr.., Centrality.

1 dN

N . dm

evt ee

\7

(D

Centrality

1GeV

ee
% : The low mass enhancement.

The following slides show

* The centrality dependence of integrated pT
* The pT dependence of integrated centrality.

6/13/2008 K.Okada HPO8 47



