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What are | Jirect Fhotons?

» Definition:

Photons that emerge directly from a particle collision

‘ inclusive photons

= | decay photons

+ | direct photons|

«x challenge: large background from hadronic decays
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» PH ENIX measured direct-photons in various reaction systems
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PHENIX Data

E88 5 Data presented in this talk:
. time period species | /syy (GeV)

W Run2 | 9/2001 - 11/2001 | AutAu 200

SN Run3 | 11/2002 - 3/2003 | d+Au 200
4/2003 - 6/2003 | p+p 200

Rund | 1/2004 - 3/2004 | AutAu 200




Direct Fhotons In p+p
atVs = 200 Gc\/



Why Direct Fhotons In p+p7?

P+P
x test of pQCD
x baseline for direct photons in A+A

«x constrain gluon distribution in
proton (gluon contributes at LO)
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Dn*ect»-f)hoton Frooluctlon I P+

« produced in hard scatterings:

x rates can be calculated in pQCD

prompt/pQCD photons

« quark-gluon Compton scattering

« quark-antiquark annihilation

x Bremsstrahlung e il

direct component

fragmentation component

\
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Ndirect
x | Cocktail Method F———- irec
% start with inclusive photons
YN ¥ Y
Nall _ Ndecay + Ndirect Nall< N7 <
decay 70 {
decay
» subtract photons from
hadronic decays \ L L
» main contribution from ST TTTTT T
70 decays (° — vy) .
x spectrum of decay photons can z
be simulated % 1 sum
10l 0 — 77(80 %)
|y
» signal/background ratio very 10 B e
Sm(]” i n — vy, vX
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Rc—:sults

two independent

o~ 10°E
analyses 3k * PbGl
:ﬂé 10°L = PbSc
) ore F — NLO pQCD
dlffer'en"' detectors 'Um‘g' , " CTE%GM PDE
10 E_ u=pT/21 pT1 2pT
[~ (by W. Vogelsang)
measured spectra 10l
agree with each other
10°|
- PHENIX
10-10 i Prellrlnmary L — AR I
4 6 8 10 12 14 16

inp+p (])

p+pat+/s =200 GeV

direct photon P, [GeVic]

mm) good agreement with NLO pQCD

=) important baseline for Au+Au measuement
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Analgsis chhniques i

Isolation Method q .| isolated
< What fraction of direct photons compton photons

=% X
is isolated: q/

d
Annihilation
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Analgsis chhniques i

Isolation Method

< What fraction of direct photons
is isolated?

Bremsstrahlung

Ehadronic 0.5 rad) < 0.1 x E,

suIimn

» isolation cut should remove
Bremsstrahlung

« difficult to estimate efficiency
of isolation cut:
x underlying event (soft physics)
x limited acceptance
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M

RCSUltS 13 p+p (”)

. . . isolation cut
isolation of direct Conocut
phOTOHS- - includes underlying NLO pQCD calculation
1.2— ovent by W. Vogelsang
» direct photon sample [ ; ’/
with cocktail method - \T e i e S
0.8_— e +
: i =
x effect on 0 decay 0.6 111 ? U LG
phoTonS 5 4:_ * e o " +
" ' *
0.2
“PHENIX Preliminary P{h°t°" {fmm ?TIO |
OOLI J2| lJ4| 1 IBI 1 IBI 1 J101 | |121 | |14l 1 \161
p;[GeV/c]

mm) data is better described by pQCD + underlying event
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Direct Photons in d+Au
atVs = 200 Gc\/



Why Direct FI"lOtOﬂS I CJ+AU?

x| p*p
x test of pQCD
x baseline for g

x| d+Au

x study cold nuclear matter effects
» ky broadening (Cronin)
» nuclear shadowing
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R esults in d+Au

d+Au aty/s = 200 GeV

T T TTTTI

!
107
Eu
E \A\ \\,\\\i’
10° \ B
'\

,
]

T IIIIHIl

T IIIHII|

10"

III|

| |

Bands represent sytematic error

#- p+p PHENIX Preliminary
— NLO-pQCD
CTEQ6M u=0.5p,,p;,2p;

-o-d+Au PHENIX Preliminary

— Binary-Scaled NLO-pQCD
CTEQ6M pu=0.5p1,p1,2p+

|

=
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— in good agreement with binary
scaled pQCD

) O indication of cold nuclear

matter effects (Ry, & 1)
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Direct Photons in Au+Au
atVs = 200 Gc\/



Whg Direct Fhotons in Au+Au?

x| p+p % | Au+Au
x test of pQCD % photons do not interact
x baseline for di bhotons in A+A strongly with medium

¥ constraipg ﬁsq&lis rPtbution in % hard photons

cotffributes at LO) » test of binary scaling
(N scaling)

% understand high-p+ hadron
suppression

% thermal photons

x constrain temperature of
the collision system

x study cold s gtter effects ki Q5P signatune
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HarcLScattering in Au+Au

» direct photons produced in early hard scatterings at high-p+
x signal should scale with number of binary collisions

“Ymeasured / “Ybackground

10-20%

- 30-40%

0 2 4 6 8 1012140 2 4 6 8 10 12 14

P, (GeV/c)

n0 suppression caused by parton

energy loss in the medium

P, (GeV/c)

Oliver Zau

R ,a(p; > 6.0 GeV/c)
an

ot
)

PRL 94, 232301 (2005)

binary scaling holds for all
centralities

nuclear modification factor

=+

"
—
1 | ——

O 200 GeV Au+Aur®

(Run 2)

® 200 GeV Au+Au Direct Photon

0 50

I R R T PRI T R W R
100 150 200 250 300 3



Contribution

of Bremsstrahlung

» maybe it is not that simple:
% is Bremsstrahlung production modified by medium?

calculati

-
o
o

on by W. Vogelsang

gof- NLO pQCD:
" direct y in p+p at \'s = 200 GeV

direct

DE...I...I...I...I..

Bremsstrahlung — large contribution

from Bremsstrahlung

Bremsstrahlung contribution (%)
&
|

0 2 4 6 8

WWNDO06
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Moditication of Bremsstrahlung’?

is Bremsstrahlung suppressed by
parton energy loss in the medium

Jeon, Jalilian-Marian, Sarcevic,

(induced gluon radiation)?

enhancement of direct-photon
production via medium induced
Bremsstrahlung?

possible net effect: R, # 1

issue not solved yet!

RuichaPloys hap?ph,/ 0965 ET03)

<

< B -
S 4 \ RHIC

C \\
% 31 \‘.., without induced
< S gluon radiation
Q 2F  Ts~al__ 4
e el
O
CI: 1F-- _¥
o) with induced gluon radiation

0 ! . !
0 10 20 30
p; (GeV)
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Thermal Photons in Aut+Au



Photon SPectrum in Au+Au

x hot and dense medium in
thermal equilibrium

Compton

gluon | Annihilation

WWNDO06

Central Au+Au at RHIC

log foale schematic view
—E,IT
© thermal: ¢ "
D
>- Decay photons
S
-'5' = 1(? GeV/c
s |
al
1
hard: —
! > Pr
3-6GeV/c
p; (GeV/c)
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R ealistic Calculation

» thermal photons from
QGP dominant source in
pr range *1-3 GeV/c

» potential signature for
QGP

WWNDO06

Turbide, Rapp, Gale, Phys. Rev. C 69 (014902), 2004
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-—-- Hadron Gas \\ e
..... - QGP (T=370MeV) ™\
initial pPQCD (pp) =
sum \\\
1 2 3
PT [GGV]
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T hermal Signal?

» published spectrum

yfﬂ:u / ﬁ,rfrtu

measured background
1.8 g

- AutAu s =200GeV, 0 - 10% PRL 94, 232301 (2005)| (Run 2)

T &« Run4
1 6_— B Run2 PRL94_232301
' (100MeV/c shifted) + H

¥ N/ Aata ant (DiinAN

+ -

1.2] ’ <6

[ - n \ ¥ ' Y C';""‘g 5

1'_'_.! . £ 4

0.8 1
" PHENIX PRELIMINARY 3 QF ettt
0-6||||||||||||||||||||||||||||||||||||||| C’);‘\ 0 2 4 6 8 10 12 14
115 2 25 3 35 4 45 5 = p,; (GeV/c)

p; [GeVic]
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]nternal Conversion (D

A New Approach:

» direct photons via internal conversion

x any source of real photons can emit virtual
photons with very low mass (e.g. n° Dalitz)

» virtual photons can subsequently decay into

e'e” pairs

x same is true for direct-photon production

WWNDO6 Oliver Zaudtke
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]ntemal Convcrsion (”)

x mass distribution of Dalitz pairs is given by Kroll-Wada Formula

1 dN 20 4m? om2\ 1 3
ee _ 1_ e 1 e 1_ ee F 2
TN 2,y 2 1 (O e

WWNDO06

- - S e . = Y
QED phase form
space factor

at very low mass (m,, ®# O) mass distribution process
independent (only governed by QED part)

Oliver Zaudtke
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]ntcrna] Conversion (”D

| dalitz shape |
10° ¢

x direct photons:
n® Dalitz

i « hadronic form factor
becomes unity
10

! % no phase space

10

direct v internal conversion

dN,.. | limitation for photons
dme. 1E in chosen mass range
104:
T
10%5 : 0.6
M,, (GeV)

n° Dalitz pairs highly suppressed
in this mass range
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| dalitz shape |

The Method

10° &

10

=0 Dalitz
1 Dalitz

direct v internal conversion

dNee
dmee

102
-3 - VVVVV 1 1 1
10 0 0.1 0.2 0.3
NO*_?’O 90—-300
Yan N7;11

04 05 06
M, (GeV)
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« Measure ratio:

NO*—SO

Vdirect Rdata _‘ Rhadron

- Rhadron

from Kroll-Wada formula
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| dalitz shape |

The Method

=0 Dalitz
1 Dalitz

direct v internal conversion

dN.. ©*
dme. 15
107" L
1072
sl
H 0 0.1 0.2
NOJ?’O 90—300
Wall N7;11

0.4 0.5 0.6
M, (GeV)
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« Measure ratio:

% Calculate:

measured with EMCal

/
0-30
N-fy:tklirect Rdata o Rhadron
0—-30
\N’Y;H Rdirect — Rhadron
NO—30 ) |
Vdirect __ Vdirect L “Vdirect
0-30 * _
N D)
Vall Tall |
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Comparison to Conventional Result

Tfﬂ:ﬂ / w,rfn
1.8 measured background
- Au+Au \|5NN—2UUGEV, 0-10%
[ o Run4
1.6
- Vgreadtat1 fromy’ + +
1 4‘ 0-20%
| (150MeV/c shifted) + /
1.2 ¢ + !
L . .
YL
Tr—
0.81
I PHENIX PRELIMINARY
0.6 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1 15 2 25 3 35 4 45 5

p; [GeVic]
WWNDO6

Rdata

Rdirect

- Rhadron

- Rhadron

*
delrect Vdirect
*
’Yall Yall

(+1)

x significant signal below
pr =3 GeV/c

» systematic errors:
« ~20% measured n/n°
« ~10% inclusive photons
» ~5% acceptance
~25 % total systematic error
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Yairect INV. yield (GeVe))

The Dn*cct-Fhoton Spectrum

1O Varecl AUFAU (O-20%) N
® Yairect = Yinel Tdirect’!Tincl. = pQ
'E Phys. Rev. D48, 3136 (1993)
I L.E. Gordon, W. Vogelsang
10 §_
PHENIX Preliminary| % Thermal Model
10% « 2+1 hydro
- « To?¥=360 MeV(T,m*x=570 MeV)
10°E x 15=0.15 fm/c
1ot nucl-th/0503054
E QCD- T D. d'Enterria, D. Perresounko
0% thermal » The data are consistent with
pQCD + thermal thermal + pQCD
108_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (only one pOSSible inTer‘pr‘eTaTionl)

O 05 1 1.5 2 25 3 35 4 45 5, 7.dtke 30
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Yairect INV. yield (GeVe))

The Direc‘&-Fhoton Spectrum

10
: Ydirect AU+AU (O-20%)
B ® Yairect = Yinel T::lirect’w:ncl. ':‘ Signal Of Ther‘mal Origin?
1E x analysis of p+p and d+Au
; using the same technique is
10'E needed
P PHENIX Preliminary . . .
- x if excess in Au+Au is of
thermal origin the reference
T will show a much smaller
e effect
10°E
E —— PQCD- Ty
10°E thermal
; pQCD + thermal
106_”IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 05 1 15 2 25 3 35 4 45 5, 70.dtke 31
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Summary

x| ptp
x direct photons show good agreement with NLO pQCD
» isolated signal better described by pQCD + underlying event

% | d+Au
% good agreement with scaled NLO pQCD
» no indication of cold nuclear matter effects

* |Au+Au
 hard scattering contribution (p>4 GeV/c) follows binary scaling
for all centralities

x significant signal obtained at low p; (<4 GeV/c) using internal
conversion
x spectrum agrees with NLO pQCD + thermal model
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The FHEN]X Experiment ]

x photon measurement: P
x EMCal (PbGI, PbSc) pco Magnet

» electron measurement:
% Tracking, RICH, EMCal

West Beam View East
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Analysis T ec niques {h

. / Nfc}iirect
X Taggmg Method Nzandidates{
d d ///f 70 not tagged
x increase signal/background | Naceay _{
ratio by tagging n° photons
x start with sample of direct N7 taseed,

decay

photon candidates
» tagging efficiency determind in

Monte-Carlo
~ WY _ W\JV:not tagged
- Ndirect _ Ncandidates Ndecay
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Ccntrality depen&ence

. 05 . 05 . 05 . 05
+&  |Au+Au 200 GeV (0-20)% | & }Au+Au 200 GeV (20-4@°% .2 [Au+Au 200 GeV (40-60)% .2 [Au+Au 200 GeV (60-9:}:%
*:..o sk PHENIX Preliminary H_.o osl.  PHENIX Prelimina "':.6- oal.  PHENIX Preliminary H_.o osl PHENIX Prelimina
(3] Q [] (3]
0.3 0.3p= 0.3 0.3
? ®
0.2 0.20= 0.2 0.2
t ) I
®
0.1 + + + 0.1= * + 01 01 +

}. - s L. - ! S 4 7T Loe il |

.0.1Unnlunsnlvsnelyyuslyyurlusenlunsalipnalunsslusmsl R [T T FTTT PR PP AR PO POOT PO I | (11T T PETT POTT POT POUT PO OT OO | (TTTT FITT PP PO PO P P P e e
0051152253 354455 0051152 253354455 0051152253354455 0051152253354455

p¥(GeV/c) pT(GeVic) pT(GeV/ic) pY(GeV/c)

more peripheral | >

indication for centrality dependence
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