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Why Direct Photons?

 Direct photons * Production in p+p

Hard parton collisions e.g.:

R 3

« Definition: All photons not
originating from decays

* Large background axa gg-Compton

S

X T[O — W
~  Photon+Jet

« Precision test of pQCD

2

Y = [ PDFXpQCD X6
Direct photons  Decay photons . s J

—_— * GConstrains gluon distribution
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Direct Photons in A+A |

* Also produced in hard parton-parton collisions

ICompton a IAnnha’[on

v Z_— [ PDFXpQCD X6
P dy

« p+p: Scattering into the QCD vacuum

« A+A: Early reaction phase
* Not influenced by the strong interaction

« In situ control for hard scattering
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Hadrons in A+A

e Also in hard parton-parton
collisions

« Large Q¥ (O “Jets”)

Jet-Tomographie

~ Dominant at high p,.

oF Factorization:
d o 0
o = [ PDFxpQCDXFF(g—’)
oY * Nuclear modification factor
* p+p x RAB= 1 (for P> 2 GGV/C)?

~  Fragmentation into QCD

e AusxfAUum

~ Early reaction phase

« qg: Probe for later stages
—
DPG Berlin 07.03.2005 PHENIX Christian Klein-Bésing



T® in Au+Au

® Au + Au 0-10%

O p+p x N, (955.4)
Au + Au 70-80%
p+p x N, (12.4)

—

]l ll ll ll 1]. ].I. ll _IJ ll .ll ll. 1

Factor 4-5

O
®

lI II II II II I[ II II II 'II II I

o

Au+Au reaction incoherent superposition of N_, p+p collisions
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Jet Quenching?

 Parton energy loss

.Wang »  Gluon bremsstrahlung
- Wang (incl. absorption) do

No quenching: Cronin + shadowing dp.. dy =.f PDFXPQCDXFF(E_)E )

* Theoretical description
« -dE/dx =7 GeV/im (Wang)
« dN_/dy =1000 (GLV)

* Alternative explainations

«  Modified initial state

Direct Photons provide direct é/mﬁcaling ot applicable

for strong final state effect ( dz:,ff PDFXpQCDx5 )11

—v - [ -
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Direct Photons in A+A li

—
=]

Initial pQCD (p+p) *
— = - Thermal photons from QGP

—_— gﬁﬁr\mal photons from HHG
\ e Thermal photons

~ Thermal gg and hadron
distributions

«  Static rates [ T(1)

2
dN_(%Gev?d
1 E;r 8:_ al —h

1

>
©
o)
=
s
@
-
&
e
oV

~ Measure for temperature
of the system

~ Additional signature for QGP

*Turbide, Rapp, Gale:
Phys. Rev. C 69:014903, 2004
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Photon Sources in A+A

&_
"

Interaction of hard partons with the QGP

pQCD or 1) qhard-l_qQ_GP_)Y—l_g and qhard—l_gQGP_)Y—l_q

,Jorompt“ photons 2) Medium induced photon bremsstrahlung

N
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RHIC Beam Tlmes
Run Time Period Species Vs, (GeV)
6/2000-9/2000 Au+Au 130
I 2 9/2001-11/2001 Au+Au 200 I
12/2001-1/2002  p+p 200
3 11/2002-3/2003 d+Au 200
4/2003-6/2003  p+p 200
4 1/2004-3/2004 Au+Au 200 (62.4)
4/2004-5/2004  p+p 200

5 1/2005-3/2005 Cu+Cu 200 (62.4)
3/2005-5/2005  p+p 200

—



PHENIX @ RHIC

PHENIX Detector —-Second Year Physics Run

i  Calorimetry/EMCal
»  Photons/electrons

« 6 sectors lead-scintillator
sandwich calorimeter

« 2 sectors leadglas Cherenkov
calorimeter

N Tracking/PID
«~ PC, DC/RICH, TOF
«Charged hadrons, dileptons

 Muon PID and tracking

ZDC South

* Global detectors
~ BBC, ZDC
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Measurement of Direct Photons

e Photon candidates
~ All EMCal clusters after PID-cuts

~  Contaminated with charged
particles (CPV) and neutrons

Beam View
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Inclusive Photons

® 0-10%x e Corrections

® 10-20%x
® 20-30% x

a0 « Charged particles (CPV)

® 40-50% x
50-60% x

B0_70% x » Neutrons and anti-neutrons

70-80% x . .
80-92% x (simulation)

~ Acceptance and Efficiency
« Conversion losses

e Combined PbGI/PbSc
result

* Including all decay
photons

x TP - 2y (main contribution)
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1° and n @ PHENIX

 Background in direct
photon measurement

 “Hadronic” probe

* Reconstruction via (n) - 2y

« Invariant mass
m, =y2E, E,(1—cos0)=135(548)MeV

e Combinatorial background
« N, =N, (N —1)/2pair comb.

Beam View
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R, for ° and n

O  Au+Au n° (0-20% central)

®  Au+Au 1 (0-20% central)

PH-<ENIX preliminary

+°°$ OP¢¢¢$+ b +

10 12 14
p;(GeV/c)

Same behavior dispite different masses
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m_-Scaling

n/7° Au+Au central

n/® Au+Au semi—central
n/7° Au+Au peripheral

7/z° Au+Au min bias . Empil‘ica| Observation:
«  Similar hadron fﬁemtaas |
. 2 2
function of m;=Vp;+m,
d’o,
E—=C, f(m,)
dp

* Confirmed with n and 17
« In p+p, d+Au and Au+Au
~ C,=0.45+0.05
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Decay Background

T - 2y main contribution
« Including n - 3 etc.

 Simulation of decays
« T0 > W, etey

b3

r] - W’ TFTFV
w - ToY..
n" - p%..
K? - (T°rf)

R 3

>

>
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ymeas/ybkgd
in Au+Au Collisions

e Measured 60-80%

14 Ny Nigeo/N}
14N /N;

bkgd
bkgd
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ymeas/ybkgd
in Au+Au Collisions

® Measured 50-60%

—1+N_, N:;QCD'IN-Iikgd

— 1+ N /N,
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ymeas/ybkgd
in Au+Au Collisions

® Measured 40-50%

—1+N_, N:;QCD'IN-Iikgd

— 1+ N /N,
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ymeas/ybkgd
in Au+Au Collisions

® Measured 30-40%

—1+N_, N:;QCD'IN-Iikgd

— 1+ N /N,
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ymeas/ybkgd
in Au+Au Collisions

® Measured 20-30%

—1+N_, N:;QCD'IN-Iikgd

— 1+ N /N,
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ymeas/ybkgd
in Au+Au Collisions

® Measured 10-20%

—1+N_, N:;QCD‘IN-Iikgd

— 1+ N /N,
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ymeas/ybkgd
in Au+Au Collisions

® Measured 0-10%

—1+N_, N:;QCD‘IN-Iikgd

— 1+ N /N,
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Direct Photon Spectra

® 200 GeV Au+Au Direct Photon
— <N__ > scaled NLO pQCD

coll

MinBlas x 10° ° Direct phOton yield

-10% x10°

10-20% x 107 d2 N
dp T dy direct

=[1—

10 12 14 16 18
p; (GeV/c)

TN
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Y bkgd

d’N

ymeas

i t:t-em:fj :(10:1 (] Consistent with scaled
70-80% x 107 p+p caICUIation
ay . 8(!}-9.2?5 X 10‘."

dp T dy incl
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Direct Photons In
p+p @ 200 GeV

® PHENIX Preliminary

Bands represents systematic error.
" NLO pQCD (by W.Vogelsang)
CTEQ&M PDF
UW=12pn P 2P
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PH <ENIX
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R, for Direct Photons vs. 1

® Directy Au + Au 0-10%
@ 7t° Au + Au 0-10%

 R,;for direct photons
~ Comparison on linear scale

* Direct photons are not
suppressed

« Initial state not responsible for

eficit
df’fiy = [ PDFx pQCDx
* T

2
d NAA/dyde

2
Nnn’l d N nn/dyde
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Centrality Dependence

® 200 GeV Au+Au Direct Photon
O 200 GeV Au+Au 1°

)
-
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O
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A
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o
e

0 N
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Thermal Signal?

® Measured 0-10% Au + Au

-« « Initial pQCD (p+p)
— = . Thermal photons from QGP
— — Thermal photons from HHG

Sum

Calculation consistent with upper limits
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Summary and Outlook

« Strong suppression of neutral pions at high p_ in central
Au+Au collisions at RHIC compared to the p+p reference

* No suppression of direct photons at high p. in central Au+Au
reactions (Direct control for hard scattering!!)

* Dense, partonic medium in central Au+Au collisions
consistent with all observations

* Factor 10 more data from last Au+Au run, analysis of d+Au

data (Cronin effect), low p_ region via photon conversions
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Backup Slides
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m_-Scaling

n/x° p+p @ 200 GeV

 Empirical observation:

C,=0.5+0.03 « Similar hadron fﬁemtaas a
. p 2
function of m,;=Vp,*m,

3

E e =C, f(m,)

* Confirmed with n and 1?
« In p+p, d+Au and Au+Au
« C =0.45+%0.05
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n Spektren im EMCal

—d
-

® 1 Au+Au central
® 1 Au+Au semi—central
® 1 Au+Au peripheral
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Intrinsic k_and
Parton Cascade?

® Measured 0-10% Au + Au
Scaled NLO pQCD (p+p)
== O pQCD and K factor, {p g
LO uCD and K factor, f:pT} 0.

d\ VN “BM"R parton cascade

—

= |

/GeV ")

4 (
9 (

3
(C
y
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1
1
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b
Q.
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A. Dumitru, L. Frankfurt, L. Gerland, et al. Phys. Rev. C64 (2001) 054909

S. A. Bass, B. Muller, and D. K. Srivastava. Phys. Rev. Lett. 90 (2003) 082301
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Hard + Soft?

® Measured 0-10% Au+ Au
Scaled NLO pQCD (p+p)
Photons trom jet passage through QGP
Thermal photons
- = = » Thermal photons with gluon—rich QGP

R. J. Fries, B. Muller, and D. K. Srivastava. Phys. Rev. Lett. 90 (2003) 132301

F. Arleo etal.\fﬁpiph/ 0311131, 2003
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Photon Bremsstrahlung?

® Dircct Y Au+ Au 0-10%
— pQCD + photon Bremsstrahlung in QGP

B. G. Zakharov. JETP Lett. 80 (2004) 1
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e |dee:

~  Photonen als Maf3 fur harte

e G,,, Au+Au, central (0-10%)

o Rpa for @ Au+Au, central (0-10%) Streuung
« Definiere GroBe G,, analog
zuR,,
(¥ e TC)
G _ Ydirect p+p
AAT 0
(¥ tieare TC) s
TamErEl ¢ Modellunbahangig
pr (GeV/c) )
« Wenn Photonen mit N__
K. Reygers Habilitation WWU Munster .
skalieren -
AA_RAA
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Te-Extraktion

p,=1.25GeV/c p,=2.25GeV/c

* Untergrundbestimmung
via “Mixed Events”

«  Kombination von Photonen

3.95 GeV/ aus versch. Ereignissen
p; = 3. eVic

« A priori unkorreliert

« Ahnliche Multiplizitat, Vertex
notig

0

0 02 04 06 08 1 02 04 06 08 1
2 2

m,,, (GeV/c") m,,, (GeV/c")

28 M minimum-bias Ereignisse (PbGl)

’v
DPG Berlin 07.03.2005 PHEN'X Christian Klein-Bdsing



Te-Extraktion

b, = 1.25 GeVic ey ycael * Unkorrigierte Spektren
~  Real — Mixed

« Integration im Peakbereich

» Korrekturen
«  Geometrische Akzeptanz

«  Rekonstruktionseffizienz

e Orts-/Energieauflésung

02 04 06 08 02 04 06 08 [ ) Cu‘ts
m,,, (GeV/c?) m,,, (GeV/c?)

e Schauerlberlapp....

28 M minimum-bias Ereignisse (PbGl)
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