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What | will show you today
T

o v, of thermal direct photons
o Constrains T; and 7,

0 CNM effects in d+Au

o Density dependence of shadowing from J/

o Reconstructed jets

o Low-x suppression from forward di-hadron correlations
O Vg

o Disentangle initial state from n/s

o Implications for 2-particle correlations
0 Eloss

o Path-length dependence

0 Results from energy scan

Stefan Bathe for PHENIX, QM2011
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Direct Photon Excess in Au+Au
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Direct Photon Excess in Au+Au
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a f NLO Vogelsang
E L
B 107F Vsnn = 200 GeV ,
3 0 o0 Direct photon excess above p+p
T T102E Au+Au spectrum
o Yo - - . . :
> 205k min. bias o Exponential (consistent with
T f PHENIX thermal)
S 1045 0 Inverse slope = 220 + 20 MeV
g o T, from hydro
S10F o 300...600 MeV
w N p+p : N .
105k o Depending on thermalization time
- PRL 104, 132301 (2010)
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Critical d+Au Check

1 =
- Direct photon spectra at\(sNN = 200GeV
"W —e— Ty, /T, % d+Au (RUNS)
107 o Tp,IT,, X d+Au (RUN3)
E —a— Au+Au (MB, PRL104 132301)
L
A10-2§_ .' Tpax ptp fit result . New:
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210°%E T~ 2 Nno exponentlal excess in
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-6 T
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Direct photon v, further constrains T,

Hydro after 7,

ﬂz[:. B L | L | L | L | L . I_:_:;F"._.-‘l [ ]

" Thermal Photons pr .

- AutAu@200 AGeV i h

0.16 : h=61m ,-':;f:f -
0.12 ]

p— IEEEEEEEE Ll '-__.-';.-*___.-.-‘.F _
Ql- L ———- 05xHM 2l 1.0 fm/c —
% - QM+HM . 7
~ 0.08F —
N —

0.041 —
0.00 J = A A I|. | .|. S '|'- -'|. ||r e AR o

0.0 1.0 2.0 3.0 4.0 5.0 6.0

p., (GeV/c)
Chatterjee, Srivastava B

PRC79, 021901 (2009)

0 expected v, :

o prompt photons: 0
(time zero)

o thermal photons

ea rl/ \Iate

small large
(flow not built up) || (like hadrons)

Stefan Bathe for PHENIX, QM2011



Direct Photon v,

o™
> 0250
g - PHENIX Au+Au@200 GeV Statistical subtraction
e 0.2 :— preliminary minimum bias
B inclusive photon v,
015 - decay photon v,
0.1 L
- = direct photon v,
0.05
:_ .......................................................................................................................... inc. BG
0 B dir R7V2 - V2
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Direct Photon v,

0.25
E o Au+Au@200 GeV _ : :
C PH-ENIX 0
: . . o0 m° v, similar to inclusive
0.2~ preliminary minimum bias n 2
i photon v,
015 ol et
x 0 Two possibilities
0.1 o A: there are no direct
0.05[ photons
0_ o B: direct photon v, similar
: to inclusive photon v,
-0.05

ccnea o Key: precise measurement

5 6 7 8 _
p. [GeV/c] of direct photon excess
;
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Direct Photon v,

?‘ﬂ 0.25
= - Au+Au@200 GeV
< 0.2 minimum bias
: o direct photon v, large
015 .
: Direct photon v, (~15 %) at p, =2.5 GeV
01 4 PH-ENIX
: preliminary | 0 V, = 0 where prompt
.51 photons dominate
N S ¢t
-u.usf—
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Theory Comparison: Direct Photon v,
S

0.2
0.15[
0.1}

0.05}

Hydro. Thermal y
Hydro.Thermal+Hard v
0.25 e .Ydir. Vz(q)z)

[ AuAu 0-20%
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TN
PH- ENIX

preliminary

1

2

3 4 5 6

Theory calculation:
Holopainen, Rasanen, Eskola
arXiv:1104.5371v1

0 Models under-predict
direct photon v,

0 Measurement further
constrains T; and;

0 Challenge to theorists

Plenary: S. Esumi (flow), Tue
Parallel: E. Kistenev (direct photons) Thu

P, [GeV/c]
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Cold Nuclear Matter Effects

16
r/ 0 Important for interpretation of Hi
i/ data
- — o Measure Cold Nuclear Matter (CNM)

effects in d+Au collisions

0 RHIC versatile

1 Can collide any nuclear species on
any other

Stefan Bathe for PHENIX, QM2011



R 4s,(0-20%) R 45, (60-88%)

Rep
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J/y in d+Au: Shadowing non-linear

0 EPS09 shadowing with
linear dependence on
nuclear thickness matches
for central collisions

Centrality 60-88% T
Global Scale Uncertainty +10% PH:- ENIX

—— — Gluon Saturation

e amiorams arXivi1010.1246

0.2—

0 Overpredicts suppression
for peripheral collisions

lllllll]ll]ll|||

0 R, shows this clearly

Centrality 0-20% ‘-'L""-----.--,-,@.
Global Scale Uncertainty +8.5%

|II.J|IIl

Y| P

0 Thickness (impact
parameter) dependence of

08| i . . .

T : shadowing is non-linear!

0_4:_ Centrality 0-20%/60-88% E E

oak GlobalSeale Uncertainty =a.2% 4 [Plenary: C. Luiz da Silva (heavy flavor), Fri]
A A Parallel: A. Sen (quarkonia) Tue

Theory calculations: y

Eskola, Paukkunen, Salgado, JHEPO4, 065

Vogt, PRC71, 054902 Stefan Bathe for PHENIX, QM2011
Kharzeev, Tuchin, NPA770, 40

Kharzeev,Tuchin, NPA735, 248




Reconstructed Jets in d+Au
8 P

Anti-k,; R=0.3 11.4 GeV
Anti-k, R=0.5

Stefan Bathe for PHENIX, QM2011



Reconstructed Jets in d+Au
T

Anti-k, R=0.3 11.4 GeV b
ol 13- PHENIX Preliminary R 0-20%/60-88%
1ZEtAU Sy, =200 GeV o 20-40%/60-88%
(RN i Rep40-60%/60-88%
T e B
5 ool W (T ELlE B o B n
S b D= [0 nll: - .l I 2
& ol nE Pl [ [ % N =
- e f Y el e n u ux :
07— == O [0 ¢ =
0.6= - || -
0.5 R=0.3 anti-k; jet . =
0 - | 1 1 1 | 1 1 1 | | | | | | | | 1 | 1 -
45 20 25 30 35
at the p+p uncorrected scale p,* (GeVic)

Jet R, in central d+Au modified
- caution: thisis not R,!
] - consistent with ° R,

- anti-shadowing?

Parallel: N. Grau (gamma-hadron, jets) Tue
Poster: D. Perepelitsa (jets in dAu)




Forward di-hadron correlations
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Stefan Bathe for PHENIX, QM2011

| Color Glass Condensate?

new forward
EM calorimeter
In|=3.0-3.8

pair
1 o)) /o,

J . = :
“ <Ncoll> 0'55”/0'




Initial state low-x gluon suppression
Sy

S \'s =200 GeV p+p,d+Au > h+ 7" + X PH | ENIX Preliminary
) B Forward-Forward Mid-Forward
T < o -
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Initial state low-x gluon suppression
I

\'s =200 GeV p+p,d+Au > h+ 7" + X PH | ENIX Preliminary
B Forward-Forward Mid-Forward
— Gl < . 4

Di-hadron
suppression

s I ! A
. 1—+ %ﬁn HE ﬁér}ﬁﬁér'ai"l:gﬁ’"ﬁ' “““
H% - 1 4 #
N central *
10" g_ # < smaller x

1073 rag 1072
Xyu

0 Di-hadrons suppressed at low x

Parallel: M. Chiu (small x dAu correl) Thu
Poster: Z. Citron (small x dAu correlations)

o0 Important for interpretation of Hl results

Stefan Bathe for PHENIX, QM2011
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Initial State determines flow strength

Glauber

CGC

Smaller eccentricity

Radial gluon distribution

2-D density profile

Initial state determines v, strength

(largest uncertainty)

e _

Stefan Bathe for PHENIX, QM2011



v, has fluctuations origin
T

B o, TN~ ~ TN
- 0-10 % PH-“ENIX 025k 30-40 % PH-ENIX
i Au+Au 200GeV arXiv:1105.3928 T arXiv:1105.3928
L e iy} N P
0.2 2 2
B & "3{‘4‘3} 0.2 L f,f;-’,
. - o
SR central: - .~ mid-central:
c 015 c 015 :
- V = V - ‘-
> i 3= V2 > i 2 v;<V,
011 01
0.05 0.05
ol ol
_l Ll 1 1 | Ll Ll | Ll 1 I | L1 1 | | I | | Ll 1 I | L1 1 | Ll _l Ll | L1l 1 1 | Ll L _1 | Ll 1l 1 | Ll 1 I | Ll 1 I | Ll 1 | Ll
0o 05 1 15 2 25 3 35 6 05 1 15 2 25 3 35
P; [GeVic] P; [GeVic]

weak centrality dependence of v; => fluctuations origin
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v, disentangles initial state and 7/s

_
V, described by Glauber and CGC

0.25
.. PHENIX —m—
;T\;e;r;/tczllculatlon. Sianbet
: KLN —e—
02 | PRC82,034913 —~—
PH- ENIX
0.5 | e S\ arXiv:1105.3928
>(\| = ‘\\
01
0.05
1.75 <pr < 2.0 GeV/c
arXiv:1105.3928v1
0 L 1 1 L 1 1 1
0 50 100 150 200 250 300 350
Npart
o Glauber o KLN
m Glauber initial state <€<—— Two models —/ m CGCinitial state
m 7/s=1/4n m 7/s=2/4n
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v, disentangles initial state and 7/s
e 000

V, described by Glauber and CGC v; described only by Glauber
0.25 0.1
. PHENIX —m— ) PHENIX —m—
;Teory calculation: '~ T er — A arXiv:1105.3928 Glauber —a&—
=y ver et al. KLIN —e— | | . KLN —e—
0.2 PRC82,034913 — 0.08
D PH ENIX | | %~ %
s | arXiv:1105.3928 0.06 | Theory calculation:
o ~2K o Alver et al.
PRC82,034913
0.1 f 0.04 |
' PHCENIX
0.05 | 0.02 |-
arXiv:1105.3928v1 ’ | | 1 | SIARAT 1USRR0)
0 L 1 1 L 1 1 1
5 Em 00 150 200 ZE0 WD 35D 0 50 100 150 N 200 250 300 350
Npart Lappi, Venugopalan, PRC74, 054905
Drescher, Nara, PRC76, 041903
o Glauber o MC-KLN
m Glauber initial state <€<—— Two models — m CGC initial state
m 7/s=1/4n m 77/s=2/4n
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0.25

0.2

0.15

0.1

0.05

v, disentangles initial state and 7/s

V, described by Glauber and CGC

v; described only by Glauber

0.1
. PHENIX —m— ) PHENIX —&—
TAT:ec;thc;'culatlon- Glauber —a— arXiv:1105.3928 Glauber —A—
- KIN —e— | | P KLN —e—
i PRC82,034913 —~— 0.08 +
PH ENIX | | T 7~ 7
i e arXiv:1105.3928 0.06 | .
Theory calculation:
~2K g Alver et al.
PRC82,034913
i 0.04 +
I ris | PH- ENIX
1.75 < pr < 2.0 GeV/c 1.75 < P < 2.0 GeV/c
arXiv:1105.3928v1 ’ | | 1 | SIARAT 1USRR0)
5 50 0 180 200 250  SB0 350 0 50 100 150 N 200 250 300 350
part
Lappi, Venugopalan, PRC74, 054905
favored Drescher, Nara, PRC76, 041903
o Glauber o MC-KLN
m Glauber initial state Two models — m CGCinitial state
m 7/s=1/4n m 77/s=2/4n

Stefan Bathe for PHENIX, QM2011 [

Plenary: S. Esumi, Tue
Parallel: R. Lacey (v3, jet shape) Mon




v, explains double-hump

i CF - Flow
0.2 Vs correction
- @ Au+Au (ABS)
o e 5 M p+p (ZYAM)
2ZE |
Ol 011
- "z B

? sotraa
O V, correction only
o double-hump

Stefan Bathe for PHENIX, QM2011



v, explains double-hump

I

8 CF-Flow [ PHENIX preliminarv
0.2 - Va correction | Vs V., V¥, correction
- @ Au+Au (ABS) ~—
o = b B p+p (ZYAM) PH- ENIX
L
SI3 0.1
=
u =N | --:!"1:". : _. - o R ki — s II -
=1 0 1 2 3 ﬂ¢1rﬂd] -1 0 1 2 3 ﬂ‘-¢1"ﬂrd]
[ V2 correction onIy [ VZ, Vi Vg correction
o double-hump o double-hump
[ Plenary: S. Esumi, Tue } d|Sappea red
Parallel: R. Lacey (v3, jet shape) Mon O Peak St|” broadened

Stefan Bathe for PHENIX, QM2011
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Path-length dependence of E loss

08 PRL 105, 142301 7|
g 0.6} __"“:-I-;'_ 4 F
Iy . PHTENIX ]|
o4 PACD s

Theory calculations:

0 100 \ . 200 300/ 0 100 200 300
Npart Npart
Wicks et al., NPA784, 426

Marquet, Renk, PLB685, 270 RAA explalned by bOth mOdEIS

Drees, Feng, Jia, PRC71, 034909
Jia, Wei, arXiv:1005.0645



Path-length dependence of E loss
ﬂ—

-HHI}G ‘ cr: 45;1

JR:I~ |dlp,

v, not explained 2
by pQCD
(even with
fluctuations &
saturation)
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Theory calculations:

1 1 | 1 1 1 1 1 1 1 1 | 1 1 | 1 1 | 1 |
0 100 200 300 0
Npart
Wicks et al., NPA784, 426

Marquet, Rt’enk, PLBG’85, 270 RAA explalned by bOth mOdEIS

Drees, Feng, Jia, PRC71, 034909
Jia, Wei, arXiv:1005.0645



Path-length dependence of E loss
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BN vmrc A cr asn (b) & cT- Ads,(fr v, explained by
— - JR:I~ |dlp cubic path length

v, not explained 2
by pQCD

cL TR~ |dllp

! Ml
(even with 5:_ J R I . dependence
fluctuations& 7 - *ﬂi 1t - (Ilk/e AdS/CFT)
saturation) \+ : Pecc o | . JR.L-‘deM _
> 0.1 1 LIt JE AL N
i ¢ 10 TN ]
L 4 L ~ » i
- 1L \V\L\* _
AdS/CFT o8, -
0.05— — SN
: o | N
: ~ e

]

08 PRL 105, 142301

< 0.6} """\..:-— ]
0.3 4
0.2+

Theory calculations:

1 L 1 L L 1 L L L 1 L L L L 1 1 L 1 | L L 1 L |
0 100 200 300 0
Npar‘t
Wicks et al., NPA784, 426

Marquet, Rt’enk, PLBG’85, 270 RAA epraInEd by bOth mOdEIS

Drees, Feng, Jia, PRC71, 034909
Jia, Wei, arXiv:1005.0645



Path-length dependence of E loss
-—

v, not explained 2- (@ WEwme A crasy [ O A er A,M—H v, explained by
by pQCD i — - JRAI- o, T . 1 |ap_ cubic path length
(even with o E P E o ‘-d” “ dependence

B _—= a [ — _JR: T~ pg""
fluctuations & | v ‘ 1t ¥ (like AdS/CFT)
saturation) \E ¥ — 1= a1 L . : ‘d'HpE"‘ -

> 0.1 1 LN ¥ — - ' /
- . 1L TN i

oo

o

1 1 1 1 1 1 1 L 1 f | 1 1 L 1 | 1 L 1 1 1 | 1 ||
100 20[] 300 0 100 20[] 300
Npart Npart
Theory calculations:
) Plenary: M. Purschke (R_AA) Wen

Wicks et al., NPA784, 426 . -
M;eruet, Renk, PLB6SS, 270 RAA explalned by both models Parallel: N. Grau (gamma-hadron, jets) Tue
Drees, Feng, Jia, PRC71, 034909 Parallel: D. Sharma (light vector mesons) Mon

Jia, Wei, arXiv:1005.0645 Poster: M. Tannenbaum (E loss RHIC vs. LHC)




»-h: fragmentation function in Au+Au
eEs.

PHEMIX Ausfu 0-20%% S-CPTIHBI.:‘E GeVie x 0.5<p_ =<7 Gelle

PHENIX p+p 5<p_ <15 GeVic x 1<p_ <10 GeVic PhysRevD.82.072001

MLLA in medium E_ =7 GeV x 10"

TASSO datays=14 GaV x 107

Direct y-h

.
i PH ENIX

Praliminary

+ B.8% Au+hAu Global Scale Uncertai
+ 8% p+p Global Scale Uncertainty
[ correlated systematic error

Tasso:

Braunschweig et al. , Z. Phys. 320 C47, 187
MLA:

Borghini, Wiedemann, hep-ph/0506218
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Stefan Bathe for PHENIX, QM2011

hadrons

|I|I|I 1
2 2.5 3

ue @A

O p+p consistent with
et+e

0 Au+Au consistent
with E loss model

h
¢ = —|n(’°—,{)
PT

[ Parallel: N. Grau (gamma-hadron, jets) Tue }

Poster: M. Tannenbaum (E loss RHIC vs. LHC)
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Measuring the Properties of the QGP

I
Conditions | > Properties

u~0 — Screening length

T.=300-600 MeV n/s>1/4x
CNM  [ewine dE/dx =2 P

low-x suppression

EffECtS anti-shadowing?
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v,, V5, v, independence of Vs, (for 39, 62, 200 GeV)
T

0.14 BtiaszonOergy (GeV) __ Au+Au I _
= 62 h=2 T 0-20% n=3 T n=4 ]
012 ¢ 39 + + + — +
+* * : PH -ENIX ]
0.10 * 1 + .
= 008 : H *ﬂ i ;
< # ] gir {
- 0.06 + + .
’ ] { ! | # z
0.04 ; T +¢ T # ]
1 L T ]
0.02 T 2 T : # ]
000 1111111111111 _f_ L F:HlEr:"}l( !DrJEIErr!in;arlyl _f_ L 1‘1 | R T B {1 .ll 1 é
0 1 2 30 1 2 3 1 2 3
pr (GeV/c) pr (GeVic) pr (GeV/c)

v,, V5, v, independence of Vs, for 39, 62.4, 200 GeV

Just like at 200 GeV, disentangle initial state and 77/s
Stefan Bathe for PHENIX, QM2011



v, saturation with Vs,
T

Preliminary, STAR, PHENIX and E895 data

I T TTTT I| | T T I
9 STARD.7 GeVic
- W STAR, 1.7 GeVic 1 ALICE
N 02+ (O PHENIX, 0.7 GeVlc |
> VLl 0 PHENK, 17 GeVi g 0 ¢ pr=1.7 GeV
A E895 1
1 |
: | v, saturation < 39 GeV
0T v | ] . = 0.7 GeV
- . Q | pT - °
]
Plenary: S. Esumi, Tue
Parallel: R. Lacey (v3, jet shape) Mon
: Parallel: X. Gong (energy scan: bulk) Fri
0 b _ Poster: 5. Mizuno (PID v3)
L1 11 I| | L 1 1 1]
1 10 10" 103 10

Bathe for PHENIX, QM2011



\/SNN dependence of energy loss
43|

0 8— PHENIX, Au+Au
O "“'-.V-— .................... . . ...... . .................
B = 0-10 %, 62 GeV

____________ ¢ 0-10 %, 200 GeV PRL101,.232301.

0.6
<
<
oc ] L — * ............ ) -

020 . ttee sl *?0, ______

o

10 15 20
P, [GeV/c]

Parallel: N. Novitsky (energy scan) Fri

Plenary: M. Purschke (R_AA) Wen
Poster: O. Chvala (RAA in 39 and 62 GeV)

o R,, suppressed also at 39 GeV

O R,, at 62 GeV approaches 200 GeV level at high p;
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Measuring the Properties of the QGP

R
Conditions | > Properties

u~0 Screening length

T.=300-600 MeV n/s>1/4x
CNM  [ewine dE/dx =2 P

low-x suppression

EffECtS anti-shadowing?
7 S

= B .
Initial State ‘¢ O!
>Glauber ¢ )

L 100} 2 a’drons

£ £ - $

@ : %&“’?

o 1 P
: :/ ,
Nuclei Net Baryon Density

Stefan Bathe for PHENIX, QM2011



Near-Term Future: Silicon Vertex Detector

45|
0 VTX successfully commissioned in 2011 p+p run
Status
O VTX taklng data in Au+Au now! Data: p+p@500 GeV, 2011
: | yproj at x=0 (strip ladder==7) | e .

1% I ndf 64.25/51
Constant 49.78+2.69
Mean 6271393
Sigma__ 94.39+3.30

-~ beam
«- profile

c ~ 100pum
0
20—

10

S ol M. =l Hl—mhﬂ ol
ﬂ]l]ll 800 -600 -400 200 0 200 400 600 800 1000
yproj (um)

o R,, of ¢, b separately
Physics | o v, of ¢, b separately
o Jet tomography (di-hadron, y-h, c-h, c-c)
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Near-Term Future: Silicon Vertex Detector

_ 46|
Stat 0 VTX successfully commissioned in 2011 p+p run
dtus
O VTX taking data in Au+Au now! Data: Au+Au@200 GeV, 2011
& | | yproj at x=0 {strip ladder==7) | :,::i“"
" beam - e =
«- profile G ~ 100um v
ﬂ]illl 800 liﬂl]l;rI1 -41]0 200 0 IZG‘H]‘ Mlﬂﬂﬂngl;ﬂﬂ ’_r!‘!l!ll] 1‘00
- yproj {um)
Parallel: A. Sickles (Decadal Plan) Thu
0 RAA ofc, b sepa rately Poster: M. Chiu (Fast TOF, 10 ps)
Poster: M. Kurosawa (VTX (pixel))
1 Poster: T.Hachiya (VTX (pixel))
PhySICS - V2 Of C' b Separately Poster: R. Akimoto (VTX (pixel))

o Jet tomography (di-hadron, y-h, c-h, c-c)
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What | could not cover in this talk
A T

o T 0o Energy Loss
o Plenary: S. Esumi, Tue o Plenary: M. Purschke (R_AA) Wen

Parallel: N. Grau (gamma-hadron, jets) Tue

Parallel: N. Novitsky (energy scan) Fri

Parallel: D. Sharma (light vector mesons) Mon

Poster: M. Tannenbaum (E loss RHIC vs. LHC)

Poster: O. Chvala (RAA in 39 and 62 GeV)

Parallel: D. Sharma (light vector mesons) Mon

o Parallel: E. Kistenev (direct photons) Thu
o Poster: Y. Yamaguchi (direct photons dAu)
O vy, jet shape, n/s

o Plenary: S. Esumi, Tue

o Parallel: R. Lacey (v3, jet shape) Mon
o Parallel: X. Gong (energy scan: bulk) Fri

o Poster: S. Mizuno (PID v3) 0 Cold nuclear matter

o Parallel: M. Chiu (small x dAu correl) Thu

o Chiral Symmetry o Parallel: J. Kamin (dAu dileptons) Fri

o Parallel: M. Makek (Results from HBD) Thu o Poster: Z. Citron (small x dAu correlations)
o Heavy Flavor o Poster: D. Perepelitsa (jets in dAu)

o Plenary: C. Luiz da Silva, Fri 0o Future

o Parallel: A. Sen (quarkonia) Tue o Parallel: A. Sickles (Decadal Plan) Thu

o Parallel: M. Durham (open heavy flavor) Fri o Poster: M. Chiu (Fast TOF, 10 ps)

o Poster: S. Whitaker (Upsilon RAA) o Poster: M. Kurosawa (VTX (pixel))

o Poster: A. Takahara (J/psi photoproduction) o Poster: T.Hachiya (VTX (pixel))

o Poster: H. Thewman (high p;single e in p+p) o Poster: R.Akimoto (VTX (pixel))



Conclusions
I

o v, of thermal direct photons large
o Further constrains T, and z,
0 CNM effects in d+Au
o Non-linear density dependence of shadowing from J/y
0 Reconstructed jet R, modified
o Low-x suppression from forward di-hadron correlations
iV
o Disentangle initial state from n/s
o Double-hump disappears in 2-particle correlations
0 Energy loss
o Cubic path-length dependence
0 Energy Scan

o v, saturation 39 GeV 72&/(5 o/
o R,,suppressed also at 39 GeV 7™
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Jet-n® comparison d+Au

Lo O*Au \5, =200GeV (.20%/60-88% | .- 9*+Au \'Sy,=200GeV 40-60%/60-88% E
| = — ; "v— =
» PI?:E!IX Preliminary - & PH ENIX Preliminary -

[ H‘H'E"H"'H“H """" P $1

o g o :
$$HHHHEH E H:

- PHENIX 2007 n°

" PHENIX 2007 7°
- (PRL 98 172302) JR-O.:.’: anti-k; jlet : " (PRL 98 172302) IR—0.3 anti-k; jlet
0.3 10 20 30 0.2 10 20 30
p’Tec (GeVlc) p'T“ (GeVic)

0 ° R, calculated from published R,
0 Consistent in overlapping p,range
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Confirmation from d+Au and Cu+Cu

N T
0 Fraction of direct photons compared to pQCD

-
¢ | ptp:Vs=200GeV | d+Auns,=200GeV | Cu+Cu:\/s,  =200GeV | Au+Aunfs,  =200GeV
W - l¥|<0.35 1 (Min Bias) |y|<0.35 1 (Min Bias) |y|<0.35 T (Min Bias) |y|<0.35
20.25" pRL104,132301 T PHENIX preliminary T PHENIX preliminary T PRL104,132301 ]
1]
= - 4 4 4
= + 1| Excess also in Cu+Cu | + :
B ool Y 1 i 1 1 1 i
E 0.2- PH-ENIX 1 No excess |f1 d+Au 1 1 » _
S . (no medium)
n
=0.15- —+ —+ -
0.1 —+ —+ -
0.05/ -+ -+ -
o
_Il||||||||||||||||||||IIII|--I|IIII|IIII|IIII|IIII|IIII|--I|IIII|IIII|IIII|IIII|IIII|--I|IIII|IIII|IIII|IIII|IIII|-
1 2 3 4 5 6 1 2 3 < 5 8 1 2 ) 4 5 6 1 2 3 4 5 ]
pT[Gth:] p,[GeVic] p, [GeVic] p,[GeVic]
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inc.
Y Va2

Inclusive Photon v,

0.25

0.2

0.15f

0.05

-0.05

0 Measured with EMCal

01}

External
C conversions

O Issue:

o Hadronic contamination
at low pT

m Hadrons deposit only
fraction of energy

m depends on hadron
species

m Difficult to estimate

____________________________________________________________ 0 Confirmed with external

conversion
Ll o No hadronic
6 7 8 contamination
p, [GeVic]
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0 Key to this analysis

o Precise measurement of
R, through internal

R,

N(Y™) / N(y®©)

Direct photon excess R,

ol
Lo &n
TTT T

S
o

-
&

=
o

(%]

—
LI LI

—o  real photon
[ = virtual photon
7 conversion

3 fraction
I I | o
‘_I | | | | | (dlt
0 2 4 6 8 10 12 14 0

p, [GeVic] (or 7 VZ)
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0 20 % direct photon

0 => direct photon similar
to inclusive photon v,



Correlations at Forward Rapidity
N T

\'s =200 GeV p+p, d+Au > h + 7" + X PH . ENIX Preliminary
B Forward-Forward Mid-Forward
JdA=RdA*IdA - -—

|
%

>
O JdAsuppressed In 1;““[:]‘ I ----------------agﬁx--ﬁr———— :
central d+Au < + | \ #
o -
0 Caveat: - d+Au 60-88 p_ ™ H d+Au 0-20p "
o Double parton 107 = O 0.5-0.75 GeV/c ® 0.5-0.75 GeV/c
interactions (DPI) . O 0.75-1.0 GeV/c W (.75-1.0 GeV/c

A 1.0-1.5 GeV/e A 1.0-1.5GeV/c
103 rag 1072
Xyn

enhanced in d+Au

m may be dominant process for large

forward rapidity (rather than 2->2 Pocket formula:

process)
m M. Strikman and W. Vogelsang, e p e hc 5
arXiv:1009.6123 x/me = = P e Prs

o Then xfrag not sensitive to rapidity
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Direct photon flow calculation
I T

0.5
- 30-35 % most central
" Au+Au@200 GeV .~ thermal only.
0.4~ upper curve: Pt
m,=0.1 GeV J_.J-'“fTower curve: V. Pantuey, arXiv:1105.NNNN
0.3 o _ ) o : o
" Hadrons m,=0.3 GeV expgndl.ng fl.reball in longitudinal and
= [ PHENIX radial direction
0.2 PRL9S, ' - photons are produced from matter
[ 162300 thermal which flows
. 1:_ +prompt - Doppler
O
I T T VN 0 N A I A BB A A A O N O A O
0 05 1 15 2 25 3 35 4

E, GeV
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800
= ® D. d’Enterria & D. Peressounko
700 [ | S. Rasanen et al,
- A D.K. Srivastava et al.
600 :_ S. Turbide et al.
- on ( *  F.Liuetal
500 — T d5 J.Alam et al.
400 :— *
B00— op
200
100— Phys. Rev. C 81, 034911 (2010)
: | 1 1 | | | 1 | 1 | | 1 | 1 | | 1 | | | | 1 | 1 | 1 | 1 1 | | 1 | 1
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1, (fmic)

T.from hydro

Theory calculations:

d’Enterria, Peressounko, EPJ46, 451
Huovinen, Ruuskanen, Rasanen, PLB535, 109
Srivastava, Sinha, PRC 64, 034902

Turbide, Rapp, Gale, PRC69, 014903

Liu et al., PRC79, 014905

Alam et al., PRC63,021901(R)

o T;from hydro
0 300...600 MeV

o1 Depends on
thermalization time, 7,

o anti-correlation:
T, & 1,
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What is the initial Temperature, T.?
e

time
l
e Time Step =50 Time Step =280
YE S F ) -
e [ i 0 integrate over space-time
av %“_’ evolution
@ wh o Early photons
i o large temperature
wk with boost = large inverse slope

0 Late photons

g o Low temperature, but large
L w/o velocity boost
F wg  boost m also large inverse slope
[l =ERTINRTRIARATE IRRTARERT] RERRITRRTA D ITETIRIRRIINRT] ITRTA TN —_
m os 1 18 2 25 3 35 4 n os 1 15 2 45 3 A5 4 [ => need mOdeI for
Photon Eneray [Ge¥] Poon neray(G2¥1— quantitative answer

figures: K. Mendoza, U. Colorado
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Measuring the Properties of the QGP
I

Conditions | > Properties
u~0 — & Screening length
T.=300-600 MeV n/s

CNM dE/dx

effects v

Initial

State _ ¥ o

Nuclei Net Baryon Density
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Factorizing initial state and viscosity
I

S 03T @IV, B EUTEIGEVIE T )V, B ET7sz0eeve ] OV, described by both
- ® PHENIX Ed E
025 & KLN + dmrjs = 2 i oo g models
025+ Glauber + 4m/s =1 (1) T oL E
0.15F T oar {i‘g E o Glauber
015 g-ﬁ:‘ﬁ;ma = O s
: R, 2 S m Glauber initial state
0.05f ""‘-"-ﬁ-@_@ ¥ ' E
@ Diu_liliiil_:u_liilili_f u 77/5:1/47-[
o B R :
0.1 (c) v, p.=0.75-1.0 GeVic + (d)v, p._=1.75-2.0 GeV/c .
0 08:_0 Ur&M + 4:':”’5 = 0 _:_ ""?'ET"?E‘;';-.-' B3 _: n KLN
USE 11 Glauber + 4r/s =1 (2) T 0¥ .9 ‘g Cx 7 initi
0.06E2 AMPT 1 62 o m CGS initial state
e N 2 " YA AT S m 7p/s=2/4n
0.02F ¢ 4. a PEmg. £ A ] .
I i 1 O vydescribed by only
050 100 150 200 250 300 350 0 50 100 150 200 250 300 350 one model
PN - e o Glauber
PHENIX, arXiv: au
Models: - GI b . .t. | tat
B. Alver et al., Phys. Rev. C82, 034913 (2010). auper initial state
B. Schenke et al., Phys. Rev. Lett. 106, 042301 (2011). m 77/5 = 1/47-[:

H. Petersen et al., Phys. Rev. C82, 041901 (2010).

S. A. Bass et al., Prog. Part. Nucl. Phys. 41, 255 (1998).

M. Bleicher et al., J. Phys. G25, 1859 (1999).

]G.-L. e. a. Ma (2010), 1011.5249. Stefan Bathe for PHENIX, QM2011



