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120bunch/ring
— 106ns crossing time

. 2 central Spectrometers | | 2 forward Spectrometers
— 250GeV for p(polarized)
— 100GeV/nucleon for Au
. detector
e Luminosity
— AUAU 2 X 1025em 22 — Beam Beam Counter(BBC)
~ p-p:2x10%2cm2s? — Zero Degree Calorimeter(ZDC)
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— PbSc

» Lead Scintillation Type
— PbGl

* Lead Glass Type
EMCal RICH Levell
Trigger(ERT)
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 PHENIX PbSc

Wave Length Slufter Fiber

scinfillator plate

PMT

— 5¢cm x 5ecm x 4mm(

e Fiber

laser calibration
Wave length shifter fiber

(A=120cm)

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

PbSc EMCal ] Iy
Quad-Tower Module Ty
ﬁandwich 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 J [

PbSc sector 2.0m x 4.0m l
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e 1996 BNL-AGS electron 0.5-6GeV/c
e 1998 CERN-SPS electron 6-80GeV/c

CERN-SPS

. @CERN
— Aug 28 -Sep5, 1998
— hadron,electron,muon 5GeV/c to 80GeV/c

o 1spill - 14.4sec 5k/spill in 20GeV/c electron
CERN SPS
Hé beam line

51 < DWC T iron block
: : : H. l Iﬂﬂ counters
PHEMIX
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Orm 5 10m 1&8m
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At the CERN SPS H6 beam line
from Aug.29 to Sep.5 1998
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— 14cm @ 10GeV/c (110)

5m

— 7cm @ 20GeV/c

« PHENIX
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« EMCal RICH levell Trigger(ERT)
— electron, di-electron, photon, high-p; n*
— ERT EMCal

(5.5x5.5cm?[PbSc] 4x4cm?[PbGl])
— 2x2 towers non-overlapping sum (threshold=0.8GeV)
— 4x4 towers overlapping sum (threshold=2 and 3GeV)

. n0,prompt-y/
— Enhances high-pT =n° by a factor of 50

K‘T

[ [/ ]/
[ /][]

[/

4 ;»ﬂ
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e UV laser (YAG laser) is used
for calibration and
monitoring system

— The light intensity is monitored
with PIN diodes at each
intermediate splitter that are
used for normalization.

— Light is injected into each
module through a “leaky fiber”
to simulates an electromagnetic
shower

e Laser monitoring system
works for

— Transportation from cosmic
muon calibration into PHENIX
configuration

— Trace of time drift

EmCal Madule

Mirors
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« RHIC-PHENIX
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* Py Smearing 0.16
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— Minimum bias trigger
« BBC(|n|=3~3.9)

(

2)

— ERT trigger(high-p; trigger)  p+p
Run  Year Species sY2[GeV] [Ldt N, p-p Equivalent Data Size
01 2000 Au+Au 130 1 pb? 10M 0.04 pb't 3TB
02 2001/2002 |Au+Au 200 24 ub! 170M 1.0 pbt 10 TB
p+p 200 0.15pb? 3.7G 0.15 pb't 20 TB
03 2002/2003  d+Au 200 2.74nbt 55G 1.1 pbt 46 TB
p+p 200 0.35pb? 6.6G 0.35 pb't 35TB
04 2003/2004 Au+Au 200 241 pubt  15G  10.0 pb!  270TB
Au+Au 62 9ub!l  58M 0.36 pbt 10 TB36



Run2 p+p

Invariant mass
— M.B. trigger p;(1,1.5)GeV/c

— high-p; trigger
pT(4,4.5)(6.5,7)(10,12)GeV/c

* p;=1-1.5GeV/c N/S = 200%
* p>5GeV/c N/S =10%

— pT>8GeV/c

pT<8GeV/c

high-p trigger
— Rejection Factor =50
— Measured 1-15GeV/c nt°

« 30
« 10

0 at p;=10-12GeV/c
n0 at p;=12-15GeV/c

1-1.5GeV/c

0.5 0.6
Mass(GeVic? )

4-4.5GeV/c

e

0.6
Mass(GeVic? )

6.5-7GeV/c

0.1

0.2
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LuminNﬁ{L

minimum bias(M.B.) trigger efficiency(51%)

N (MB&4x4) | |
70

(MB)
N7Z'O

70 efficiency in Min. Bias trig/§% flat
Trigger bias for Min. Bias trigger

N (2x2&MB)

(High) N,

872'0 ( pT ) _ 7|<| (MB)
70

o — 80% flat for p,> 3GeV
n? efficiency in high-p trigger

“turn-on” curve for trigger 38



e high-pT trigger

minimum bias(M.B.) trigger

i e
e

~1r1

event
. NﬂO(ZxZ&MB)
70 o N (MB)
70
. p>3GeV/c
(~80%)

— M.B. trigger data for 1-4GeV/c

— 2x2 trigger for 4-15GeV/c

3 ;»ﬂ

E '|_— _______________________________________
0.8 ﬁ_%_%_l_
i L 1
0.6
- @
0.4
- o Data
0.2 - — Fit by a constant
- — Monte Carlo
N— | | | | |
1 2 3 4 5 6 7
> ot (GeV/c)
M.B. range >
<13GeV/c

39



 minimum bias(M.B.) trigger  [n|=3~3.9 —
( 2 ) ‘ n efficiency ‘
= 1
_ 0_95__ o Data
(bias) i —  Fit by a constant
« n0efficiency in M.B. trigger |
— ERT 4x4 overlapping sum 0.851
M.B. coincidence ]
— 4x4 (bias) il
0 0.75- %%%%{%% 11
(MB&4x4) - % | J
o ) _ N 7]
70 (4x4) N
Nﬂo 0.65_
06 L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1
—_ M.B. trigger 0 2 4 6 8 10 12
efficiency(51%) bias pt (GeV/c)

75% Pythia simulation

I M.B.trigger  high multiplicity
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e Event Selection

— RHIC-run3 p+p 2003/Apr — May
. longitudinally polarized at PHENIX.

— ERT (Ey>1.5GeV/c)
o 266pb-1

e Analysis procedure

e EM shower is photon-like
» No charge hit on chambers in front of EMCal.
* Isolation cut.

— 7-[0 ( )
[ ] TCO
(@mn )
- PHENIX (n°, m)
- | 3 N
+ Cross section calculation g99_1, 1 | photon

=—X
3
dp L 2ﬂpT geff X gacc X gtriggerbias 41
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teis (LR

[ dier g AR g e A
|at) Method

S, A

30%@10GeV 10%@10GeV 60%@10GeV

Isolation cut to R= \/AUZ +Ag® <05
reduce background E_ (R <0.5) < E, x0.1 2
sum ' 4 '

What is the efficiency by this cut for signal 1)&2)=»Next slide 4



 fragmentation photon
— PHENIX
— Underlying event

Isolation cut Monte Carlo

— PYTHIA simulation
 Signal(direct photon) : >90% for pT>5GeV/c
 Signal(fragmentation photon)
T.Horaguchi and K.Nakano are working for these items.

Isolation cut Isolation
method subtraction method
- direct/fragmentation photon
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e S/N ratio 35:_ ________________________________________________________________________________________________________
- S= 30D

- N= 7O :
R S

* Isolation cut ;
S/N ratio 20:_ _______________________________________________________________________ e —
— Subtraction method( pof s

S| 5
- S

: —— | Subtraction

N l lmethod
. : 1 original
- —
u L1 | L 11 | :ﬁ' 11 L1 | L1 | L1 | ]
— p; =5-17GeV/c 0 2 4 6 8 10 12 14 16 18

pT[GeV/c] 5>




Embedding
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7T0
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G T
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pr=1-13GeV/c

1mb/GeV?/c3

p>8GeV/c

88

AR
cce
L) 1

Aclc(%)

e p=13.3GeV/c

Normalization systematic error 9.6% is not included here.

10 12 14
p(GeVic)
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* Next-to-leading order(NLO) L o
POD worec
— Parton distribution function(PDF): g 4¢' cTEm PO/ e
CTEQ6M 2 i
w

— Fragmentation function(FF): KKP 10

— Matrix calculation by Aversa, et. al. 10"
— Renormalization and factorization

scales are set to be equal and set to 10°

1/2p+, p1, 2P i

10

 W.Vogelsang  private )

communication 10

10

IJ]IlIIl]lIIIllIIIIllIIIIllIIJI[

0 2 4 6 8 10 12 14 16
3 p:(GeVic)
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8
€
2 !
S 2 i i i J .
NLO-pQCD 15L i ~_ } i { 3 Kretzer .
1.0 + vee
— FF Kretzer, BKK, KKP o5 — — S
20
— BKK KKP 15| Wb BKK
i T w=12py
10l . iau gt & ; . + =
._. * !l_l't
(-] Ie— - e
— Kretzer T
2.0
pT<8G€V/C 15 /\K KKP o = 12py
10 228, e v—s 3 "
. gluon 05} = e s
2 4 6 8 10 12 ﬁsewgrlﬁ
e Gluon quark E
pi0 pT=8GeV/c L
ol - . 5 5 T 1:35 P_,‘Gl.lf'..-.-::. >0



e gluon FF  e*+e=>qqg(3-jet) iy Kretzer (NLO)

————— BKK (NLO) —5

e DELPHI (LO)

— BKK = KKP > Kretzer o ;
° 10" ﬁ 1
z>0.5 Krezer 0 R

10 0 01 02 03 04 05 06 07, 08 009 1
gluon 2>0.5
—NNLO
—Initial k¢
—Multi-jet Jet-jet final interaction

*Space and time evolution of the color field 51
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jot
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I

1 002 007

| 007 042

. LEP2-OPAL

— Z>05 Kretzer
underestimation

-SSTSH 022 048

I

1 D45 - 0.00
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e,
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hhhhhh
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_______
e LT S

R T

10 - DATA NLO prextctiunu

e Dhiased jers (I — Il
o biased jets (EO) 0 -==---- Iy
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— Subtraction method

— isolation method

0
o
=
11]
2
a 10
S
5]
(=1
LS,
]
=]
-
L

i)

. 20-30% 10
‘ Fragmentation photon 10
Isolation cut
prompt photon
(subtraction method) 1
direct photon

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

Shaded box represents systematic ermors




e Subtraction method

® PHENIX Preliminary
3 Bands represents systematic error.

" NLO pQCD (by W.Vogelsang)
CTEGeM PDF

L=12pn P 2P

 NLO-pQCD calculation

— Private communication with

W.Vogelsang 10

— CTEQ6M PDF. :
— (direct photon

fragmentation photon) ol

-3 1/2,1,2 pT -

» Renormalization scale
factorization scale
pQCD '

4 6 8 10 12 14 16 18
Systematic errors are not shown p.(GeVic)




— CERN

e ISR (1971~) p+p Vs=10-60GeV
o SPS(1977~) p-beam p<450GeV
e SppS(1981~) p+ p Vs<640GeV

— FermilLab

» Syncrotron(1972~) p-beam p<400GeV
o Tevatron(1981~) p-beam p<0.9TeV

° Py
— High p; \s
Pr
— Low p;

\s

@ Eggert et.al.
O RBOT(AFS)
m RBOG

o RTO02

4 R110{BCMOR)
A R108(CCOR)
r CCRS

& CCR

+ UAZ

& PHENIX

* ETO06

+ WATOD

Pr
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— isolation cut

® PHENIX-Run3 mpgcszﬂoﬁe\r
% O RB06 p+p |s=63GeV
- B R110 p+p Va=63GeV
O ET06 p4p 8=387GeV
& ET06 p+ps=315GeV
2 UAG pap (3=24.3GeV
* - 4 ¥ NA24 pip(8=2375GeV
% A * ¢ WATD p+p {a=22 96GeV
* E704 pap s=19.4GeV

Ed’s/dp” (pbGeV ™ ¢?)
Eﬂ!
—et
]
i

o
e
> Hil
oo—l-
-

L

10"}

T

-y
o

Ed’s/dp’ (pbGeV™c?)

-

107

105'

10

1ﬂ5'

10

(5]

DO p+p s=1800GeV

CDF p4p {s=1800GeV

UA2 p+p (s=630GeV

UA1 p+ps=630GeV

UA1 p+p (s=546GeV

UAG p+p {s=24.3GeV
PHENIX-Run3 p+p {s=200GeV

<4 OROe

Systematic errors are not shown

100 120

{GeV/e)
| 56



o QCD o
=
- PDF FF @° '%mﬂ
— Coupling constant(a)) Q? %
m%1u22
n e
0':(\/§) XF(XT) %10"’
n= X;=2p/Ns 10"
— n 16
. 10
» Leading order n=4
 Next-to-leading order: n=4+a 10"
. N=6.3 (by R108 collaboration) ”
> X 10"
) Vs>60GeV Xp
n=6.3

* PHENIX \s=200GeV

¢ UA2Ys=540GeV
¥ CCR Vs=62.4GeV
4 CCRSYs=62.4GeV

A R108(CCOR)Vs=62.4GeV

O R702Vs=62GeV
B R3806Vs=62.8GeV

O R807(AFS) Us=63GeV
® Eggert et.al. {s=62.9GeV

Illllll 1

1 Illllll

10°

X1 n=6.3 >
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e QCD

PDF FF Q2
Coupling constant(a,)) Q2

o =(s)" < F(x)

X;=2p/Ns

n=

> X
n

» Leading order n=4
» Next-to-leading order: n=4+a

12

"y
S ©

n=5

-y
o

[
o o

w0

=]

=]

=]

p+p collisions {s=20-1800GeV

® DO p+p s=1800GeV
[ CDF p+p Is=1800GeV
B UA2 p+p [s=630GeV
O VA1 psp Js=630GeV
A UAT p+p s=546GeV
£\ UAB pap 5=24.3GeV

p+p collisions \s=20-200 GeV

¥ PHENIX-Run3 p+p Ys=200GeV
¢ RBO6 p+p "5=63GeV

* R110 psp e=63GeV

4 E706 p+p ==38.7GeV

% E706 p+p \5=31.5GeV

+ UAG pip 3=24.3GeV

X NA24 pp \s=23.75GeV

- WATO p+p =22 96GeV
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