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Why Photon (p+p) ?

e Photon In p+p Is a good probe

for the parton structure. L{ >
» Leading process
 Higher order //Compton

* Bremsstrahlung Process
« Why RHIC?
— RHIC provides the highest energy

annihillation
Higher+Order

as p+p collisions.
 Very unique i‘ et. aI
» As a basic for gluon spin \

measurement in the future.
e A reference for d+Au and Au+Au.

Photon in p+p Is
a testing ground of pQCD




Why Photon (d+Au)?

* Nuclear Effect d E706 pBe Collisions
- - - - - £ F .7 T 7 PRD70(2004)092009 " :
— Initial Parton Distribution PRI Y prodiction B p beams
- i ‘\ # pBe at 800 GeVi/c Ipbf(Gchc]EI
* kT %102% "w,.‘ a pBe at 530 GeV/c lnhf[Gerc]EI ~
« (EMC effect) Bl Ny _
» (Shadowing, anti-shadowing) - L \ "
 (color glass condensate) el “‘ﬂ,_‘ > .
— Final Parton Interaction -
« Multiple Scattering )
« Jet Quenching o'k - NLOTheory |
=> Photon is less sensitive. B e = T—— P
3 <kT>={I.ZGeWc{SSDGEWCJ
- - FNAL-E706 concluded
PhO'[OI’] N d+AU IS a gOOd prObe fOF kT=~1.3GeV/c in pBe collisions

modification of initial distribution




Why Photon (Au+Au)?

Photon source

— pQCD photons
« Compton
 Annihilation
* Bremsstrahlung
— Photons from jet quenching

— Thermal photons
e From hadron GAS
e From QGP

:
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Thermal photon Is a good probe
for QGP temperature

=» Target 1-3GeV
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VECENTRAL MAGNET |
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SOUTH MUGNJRY
MAGHET b

e 3.8km with 2 rings

— 120bunch/ring o]
— 106ns crossing time

° Maximumenergy 2 central Spectrometers | | 2 forward Spectrometers
_ fggigﬁﬁ,‘;‘l‘i’jﬁﬁ'ﬁ:ﬁfﬁ 3 detectors to measure the collision point, the

. Luminosity luminosity, and the multiplicity.
—  AU-AU - 2 X 102%cm-2s2 — Beam Beam Counter(BBC)
- p-p:2x10%cm2s2 — Zero Degree Calorimeter(ZDC)

* 6 Crossing points — Multiplicity and Vertex Detector(MVD)



/Lead Scintillator (Pbs&

— Sandwich type calorimeter
» Lead and scintillation plate
» Shish-kebab type readout

L —~—
JJ% PHTENIX

" Electro-M agnetic Calorimeter

/" Lead Glass (PbGl) )

— Total reflection calorimeter

PHENIX Detector

est cam View East

Coverage [n|<0.38 ¢ = 180°

Fine segmented calorimeter.

distinguish two photons from 0 photons
pT~25GeV/c







Prompt Photon Production

Prompt photon production consists of two processes

O =04ir T Oty = Zjdxidxj x|, (%, 42) fzj(xjuu)

o fragmentation function(FF)

x{b(i+j—>y)+jd20(i+j—>k)\x

Dkg(zk y He
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|DIF€Ct Process | | Bremsstrahlung Process |
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Compton/Annihilation process

order(NLO) pQCD calculation

In this talk, we compare our result with next-to-leading




How to Measure?

% Direct Process

5

/050%

7

% Bremsstrahlung Process

7 .
bremsstrahlung radiatio

lo
G

No one know which photon from what.

Background

Non-vertex Photon

Neutral hadron contribution
Noise in the detector
Hadron(n%n,®..) decay

’_.H
%

L/}\%gfgl‘on

Estimate all backgrounds

After subtracting all backgrounds,

the remained photons are the signals.
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Pseudo-rapidity (n)
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By taking all combination between the target photon and the surrounding
photons, we can know the photon from piO decay.

=>» 70% of pi0 decay can be identified from the mass distribution
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Result

e PHENIX preliminary result.
 NLO-pQCD calculation

— Private communication with
W.Vogelsang

— CTEQ6M PDF.

— Sum of direct photon
bremsstrhlung photon
— 3scales (1/2pT,1pT,2 pT)

e For renormalization scale
factorization scale

PQCD calculation can describe
our result very well.

Ed’c/dp’ (pbGeV’c®
=

10

CTEQ&M P

® PHENIX Preliminary
Bands represents systematic ermor.

~ NLO pQCD (by W.Vogelsang)
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Comparison with

® PHENIX-Run3 p+p {a=200GeV
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® DO psps=1800GeV

EID O CDF pap {s=1800GeV

B UA2 pip (a=630GeV
UA1 p+p [s=630GeV
UA1 p+p ls=546GeV
UAG p+p s=24.3GeV
PHENIX-Run3 p+p Ja=200GeV

Systematic errors are not shown

10°
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60 80

proton-antiproton collisions

13



X+ Scaling

e From QCD, if

Q?-Scaling of PDF,FF

No running coupling constant(o.,)

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

n=constant, X;=2p,/\s
Can be express as two terms
* Interaction
e Structure
If leading order n=4
* Next-to-leading order: n=4+a

X;-Scaling n=~5
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p+p collisions {s=20-1800GeV

® DO p+p s=1800GeV
] CDF p+p s=1800GeV
B UA2 p+p [5=630GeV
O VA1 psp Js=630GeV
A UAT p4p s=546GeV
£ UAB p+p s=243GeV

p+p collisions Js=20-200GeV

¥ PHENIX-Run3 pp "==200GeV

& RBOG p+p Y==63GeV

* R110 psp 5=63GeV

& EFO6 pep Ye=38.7GeV

¥ E7D6 p+p ws=31.5GeV

- UAG pip =24 3GeV

* NA24 pap "B=23.75GeV
WATO p+p e=22 9%5GeV




d+Au
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-+ p+p PHENIX Preliminary
—— NLO-pQCD Calculation
CTEQBMu=0.5p p;.2p;

Result

* The analysis method is similar
to p+p
« NLO pQCD Calculation

— p+p collisions

Bands represents sytematic error

N/dp,dn (GeV/c)?

-@- d+Au PHENIX Preliminary

—— Binary-Scaled NLO-pQCD Calculation

\
\§< CTEQBMy=0.5p, p,.2p;

\ Bands represents sytematic error

(3]
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1/[2np;N_ ]d
=
> Z
g &

107
— Calculated by W.Vogelsang
— CTEQ6M I
— Scale(renormalization and 10"
factorization scale) 0.5,1.0,2.0pT -
e |n comparison with d+Au i
— Averaged number of collisions ™ E, | AN
(8.42) from the Glauber model = ;
was multiplied to the calculation. =
g A
: : : : 9
Result is consistent with the binary — A | : ¢ L]
scaled NLO-pQCD calculation 5 , E%I - $
=, e Ly E
%4 %6 8 10 12 14 16

18 20
p;(GeV/c) 16



Result

Nuclear Modification Factor [dZN / dp- dndN ]
RdA _ dA T evt
N
< Co%nel x[d o /dedU]
g , pp
1.8 It
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04—
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: —eo— d+Au PHENIX Preliminary

0 | | | | | | | | |

0 2 4 6 8 10 12 14 16 18 20

P (GeV/c)

Consistent with 1 = No modification within the error

This is consistent with what we measured in 7t©
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AUu+Au

18



Background Photons

o
<
o

The main source of
background is 0

Thanks to large suppressior
(factor~5) of O yield at RHI(
energy, we have an
advantage to pick up the
direct photon.

n0 suppression help to reduce
photon background

oooo =222 ODDo =44 2 DoO0D -2 QOO00D =242 ODoo S
Opbhok=lhhn Opbhob="lubd Obon=wbho Qb= Chbkob=lnED

" Au+Au 200GeV
m(h*+ 0 )2 min. bias 1
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1T 2 3 4 5 6 17
pr(GeVic)
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Cancel Systematic Error

Direct photon yield
= Excess from bg photons

R —

0
(7/ / T )measured 7/ measured

0
(7/ / 4 )calculated 7] background

Double ratio has an

advantage

— because in the ratio of the
actual point by point «° and
inclusive y measurements will
cancel many systematics

0
tet'j‘IIr (T”[ )Background

0
(T‘f . )Measur
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=» Direct photon = Excess above 1 ‘
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R, A(pPr > 6.0 GeV/c)

Results

® 200 GeV Au+Au Direct Photon

O 200 GeV Au+Au 0

| | |
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Jet Quenching Scenario
(n9 suppression)
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10} ¥ o
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Need to reduce the systematic error
for thermal photon measurement

p; (GeV/c)

PRD94(2005)232301
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Conclusion

p+p collisions

— NLO pQCD calculation can describe our data
« Sum of direct part and fragmentation part.

— Fit in XT scaling with other experiment

d+Au collisions

— comparison with NLO-pQCD
 Result in d+Au collisions is consistent with the binary-scaled
NLO-pQCD calculation.
— Nuclear Modification Factor
e Consistent with 1 = No modification within the errors

e Prompt photon production in d+Au can be described as
binary scaling

e Result is consistent with =0
22



Conclusion

Au+Au collisions.
— High pT photon
 Binary Scaling and pQCD calculation
— Consistent with 1
* No modification within the errors
 Support jet guenching scenario observed as pion suppression
— No thermal photon signal yet.

e We’re analyzing the run4 Au+Au data. Plan to have the
preliminary result.
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Backup slide



PbSc EM Calorimeter

T
PH+ENIX

PbSc EMCal ) :J]I[" .
Quad-Tower Module Ty,

Sandwich type calorimeter
Lead plates 55.2x55.2x1.5mm
Scintillator plates 110.4x110.4x4mm
Shish-kebab geometry wave shifter fiber readout
6x6 fibers > 1 PMT = 1 tower
2 X 2 towers = 1 module
6 X 6 module = 1 super module
6 x 3 super module = 1 sector

PbSc
Size(cm x cm) 5.52 x5.52
Depth(cm) 37.5
Number of towers 15552
Sampling fraction ~20%
N cov. 0.7
¢ cov. 90+45deg
n/mod 0.011
¢ /mod 0.011
Xa 18
Moliére Radius ~3cm




TS

PbGIl EM Calorimeter

photomultiplier
with howsing

stecl plates

mirror foil

lead glass matris with
carbon fibre/cpoxy

photodiode with

preamplifier

reflective cover

LLead Glass calorimeter
Lead Glass 40x40x400mm

used at WA98 exp.
4x6 towers = 1 super module
15*12 super module = 1 sector

PbGl
Size(cm x cm) 40 x 4.0
Depth(cm) 40
Number of towers 9216
Sampling fraction 100%
7 cov. 0.7
b cov. 45deg
n/mod 0.008
¢ /mod 0.008
Xa 14.4
Moliére Radius 3.68cm

I- A e ——— .

[ PbGl sector 2.1m x 3.9m l




Photon from run2 p+p

PHYSICAL REVIEW D 71, 071102 (2005)

o -y
Ed:"p (mb-GeV™.cd)
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Strategy of Isolation Method

| (1)Signal(direct) ” (2)Signal(fragmentation) " (3)Background(hadron decay) |

compton + annihilation __/
L{ ﬁ@?@] ._
- &
A S

PhGK
o) "

#930%@10GeV #910%@10GeV #960%@10GeV

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

sum

What is the efficiency by this cut for signal 1)&2)=>»Next slide 5



Two methods

— Subtraction method

— 1solation method
» To be smaller by 20-40%

They are not different as we

Ed’s/dp’ (pbGeV ’c?

expected from pQCD calculation

Rjection for fragmentation photon
Is not perfect

or

Most of measured photon are
From direct process
(compton, annihilation, or NLO)

-y
o

10°

10

Re§ult '

- PHENIX Preliminary (Subtraction)
o PHENIX Preliminary (Isolation)

Shaded box represents systematic errors
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