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® PHENIX status and run 2003 performance

e High sengsitivity to rare processes
J v and high pT hadrons in
Au-Au, d-Au and p-p collisions

® Brief review of run 2002 results
® Hadron production at high transverse momenta

charged hadrons and =° in Au-Au and p-p
First look at PHENIX d-Au data
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Run| Year

Species s¥2[GeV] JLdt N,

01 | 2000

Au-Au 130 1 pb? 10M

02 |2001/2002 Au-Au 200 24 ubt  170M

03 | 2002/2003

P-p 200 0.15pb! 3.7G

d-Au 200 2.74nbt  55G

pP-p 200 ongoing

2000
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Central Arm Tracking
Drift Chamber
Pad Chambers
Time Expansion Chamber
Muon Arm Tracking
Muon Tracker: North Muon Tracker
Calorimetry
PbGl
PbSc
Particleld
Muon Identifier: North Muon [dentifier

RICH

TOF
TEC
Global Detectors

BBC

ZDC/SMD L ocal Polarimeter
Forward Hadron Calorimeters
NTC

MVD

“Online Calibration and Production

Side View
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The PHENIX Detector: Centra Arms
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Two Coallisions as seen by the PHENIX Central Arms

2001/2002 Au-Au 2001/2002 d-Au
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DAQ and Trigger System: Rare Event Capability

Trigger configuration in d-Au
0 Raw rate < 50 kHz

o First level trigger:

3 minimum bias

1single electron (J)

1electron pair (¢)

4 photon (0.8, 2.1, 2.8, 3.5 GeV)
2 muon

2 di-muon (J)

o Levd 2: off

0 Extend to 300kHz in p-p

Buffers. 4us deep

EMC
... 14 Subsystems
Front End (350000 Channels read
Electronics every 106 nsleading to
(25000 Channels) adata volume: 3.5TB/s)
B DCMs
Subsystem Event
Processor (37 CPUs)
... 6 Subsystems
(NTC, BBC, ZDC, 120MB/s
/ EMC, RICH, mulD)| ATP
A / (23 CPUs)
Level 1

Trigger

Write| events

Processor | Trigger Request at | 1.0kHz

Primitives for higher

not to exceed 1kHz

120MB/s
Data Storage

level trigger decision

40 TB

—
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Online Calibration, Evaluation and Production

DAQ

‘ Evaluation Jhy(->ee,up), @
VAO034
Bufferbox T 5 1-3 GeVic| 3-5 GaVid]
| 1 PHENIX .

5 VAO035 = : -
— - Online -
- 5 VA036 =l 5

Filter (shift crew) PHENIX s7aw] TLT
online pc-farm . |
—Pulser 0 ‘ 5 -
—Pulser 1 5 VA045 “"' -
—Pulser 2 ‘ o "

5 VA046 ﬂl-"l.l.l.=.l.l.-\5-\:vl.l..l-.l.i.-\'}-..'.-\!-.l.h.i-. 1 rl -\!-I.l.:.t.}-:\'h.-l.-l:l -l.i-l‘.:-l;llr:

— Electron | .

—Photon: 2.1 GeV 5 VA047 E‘.L“I Lty
—Di-muons 2 |

é | VAOS7 | .
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Run 2003 d-Au +'s = 200 GeV:
Perfor mance of the Muon Spectrometers
Di-muon invariant mass spectra

' — . = ] ; .
g ""*+.=ﬂ opposite-sign pairs . opposite-sign pairs
W' e e same-sign pair bkgd 3 L'*;.;i++ same-sign pair bkgd
é = +'*|*f % = ++._:__ -
" o | _H'-|i. .
oo L e
(I b ri: 1 : 3 T L 1ln
e — PHENIX ONLINE sz PHENIX ONLINE
uf- 230 JP's : ~211J¥'s
pe - I 318+ .03 GeV @ 3.11+ .02 GeV
Rl c=164+ 27 MeV D c=143+ 14 MeV
> J ‘ . - >
oE—IL T i e _ v.
Invariant Mass [GeV/c] Invariant Mass [GeV/(c]
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PHENIX results

e Run -2 final results:

High pT pi0 (Au+Au @ 200 GeV): submitted to PRL nucl-ex/0304022

High pT pi0 (p+p @ 200 GeV): submitted to PRL hep-ex/0304038

Elliptic flow of identified particles (Au+Au @ 200 GeV): to be submitted to PRL
J/Psi yields (Au+Au @ 200 GeV) to be submitted to PRC

J/Psi yields (p+p @ 200 GeV) to be submitted to PRL

p,pbar high pT enhancement (Au+Au @ 200 GeV) to be submitted to PRL

e Run-2 preliminary results:

dN/dy and dE_T/dy (Au+Au @ 200 GeV)

|dentified charged particle spectra and yields (Au+Au @ 200 GeV)
Inclusive charged particle at high pT (Au+Au @ 200 GeV)

phi -> KK (Au+Au @ 200 GeV)

Event-by-event fluctuations (Au+Au @ 200 GeV)

Di-Lepton continuum (Au+Au @ 200 GeV)

Two-pion correlations (Au+Au @ 200 GeV)

d and dbars (Au+Au @ 200 GeV)

e Run-3 preliminary results:

T
PH ENIX

High pT pi0 (d+Au @ 200 GeV)
High pT inclusive charged particles (d+Au @ 200 GeV)
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Run 2002 p-p ¥s= 200 GeV:
Jhy Invariant M ass Distribution

— unlike-sign — unlike-sign
- like-s1gn - like-sign

0 i ! L L .
9 Final 2 3 4 S 2 3 4 S
Jove | Invariant Mass[GeV/c] Invariant Mass [GeV/c]
to PRL
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Run 2002 p-p +/s= 200 GeV:

9 Final

to be
submitted
to PRL

-

\

Jhy p; Distribution
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Run 2002 p-p /s =200 GeV:
Jhy Rapidity Distribution

T Gaussian

N
o
|
—
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|
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B]l d_y (I'lb)
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to b(_e
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Run 2002 p-p+/s = 200 GeV:
Comparison with Previous Experiments

5 —
() I £ i
% 2:_ PHENIX 310
S © 1 — PHENIX
N1.5F Ak
g 107}
Voo z
1 107
5¢ : 3L 1 _ CEMwith GRVHO
05; —Fit(p+qIn \s) 10 ---__CEM::thMRs-A
0 10 10° 10 10°
:D .
tabe Js[GeV] Js[GeV]
submitted
to PRL

—
PH ENIX PHENIX Status and Recent Results



Run 2002 Au-Au /s = 200GeV:
Jhy Production Centrality Dependence

40-90% 20-40% 0-20%
most central most central most central
= 05 11[}.5 I\IcoII:45 I\|coII:296 I\lcoII:779
e f
2 045 ‘ \
ﬁ —
> 0.4
:E [~ -
E::": 0.35 — .-m==2""RL. Thews, M. Schroedter, J. Rafelski Phys. Rev.
R - R C63 054905 (2001): Plasma coal esence model
2 0.3 g ‘ ‘ ...... for T=400MeV and y,,=1.0,2.0, 3.0 and 4.0.
LoosE Ml
= t . =
E ﬂ E = ‘I:'"- T
a Il e T .
= z . n -
@015 g e
: - | A.Andronic et. Al Nlicl-th/0303036 | L. Grandchamp, R. Rapp Nudl.
GRr=e & 005" TR M Phys. A& 09, 415 (2002) and
Ina : Phys. Lett. B 523, 50 (2001):
to be = W“I - ¥ sy \‘-.../ Nuclear Absorption+ absoption
submitted 0 0 50 100 150 200 250 300 350 irllahigh temperature quark gluon
plasma
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-/
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Hadron Production at Large Transverse Momenta

* incolored “quark matter”
partons expected to loose
significant energy viagluon
bremsstrahlung

— attenuation or absorption of
jets “jet quenching”

— suppression of high p;
hadrons

— modification of angular
correlation

— changes of particle
composition

jet production in quark matter

hadrons
7/7/' leading
particle

q 8
q
Z
leading 7 \< hadrons
particle

—
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Collision Geometry -- “Centrality”

- A J e ___— Spectators

E I Participants

=

E .

—» For agiven b,
Glauber model
predicts Npa

e (No. participants)
. =
impact parameter = and Nbinary
No. participants = - (No. binary collisions)
transverse energy "
multiplicity
15 fm b Ofm
0 Noa 394
0 Nyinary 1200
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Quantify Nuclear Modification of Hadron Spectra

1. Compare Au+Au to nucleon-nucleon cross sections

2. Compare Au+Au central/peripheral

Nuclear d’N*/do.d
Modification Ry, (Py) = —n Pr 77 | nucleon-nucleon
Factor: / d@ Cross section
R 1.4:
MLE <Npinary>/Cing” P
op===-z " If no “ effects’:
08 "hard" R 1inregime of soft physics
osf / Rg1 Rz 1 at high-p; where hard
04 - nrs o ff” scatteri ng dominates
0.2} o
00, - Suppression:

Tranverse Momentum (GeVi/c)
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Run 2000 p-p vs= 130 GeV:

Discovery of High p+ Hadron Suppression at RHIC

2
o

T
PH ENIX

. MIJ’EU‘."EHN=1EDGEV PHENI X -

- central 0-10% e ' PHYSICAL

. wm{h+h)2 REVIEW

|_.'l .

o Pb+Ph{Au) CERN-SPS : LETTERS
a4+ CERM-ISH - . .
AT

binary scaling |
| _F"‘rr-..dr .. I.'

pgunEmE g g g . |

" ] ] e

I--..ﬁ - * + T %lﬂ.u-q- T s Pl

- RHIC
o 4

p; (GeVic)

0 Charged hadron and neutral pion results
with independent systematic errors!
o Extrapolation from UA1 as proton reference.
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Run 2001/2002 p-p + Au-Au +/'s = 200 GeV:
High p+ p-p and Au-Au n° Results

2

_':';‘ th, a) '~ 10° 0 spectra:
% w'[ % P-P hep-ex/0304038 S "W EAU-AU nucl-ex/0304022 $ minbias x2,
w0 S | . 10-20% x 1072
. - I PHENIX Data b o ® 20-30% x 107,
L - g oo * 30-40% x 107
g — KKP NLO T10° . ® = 40-50% x 107
|-E ..... Kreizer NLO ﬁ [ ] L ™ A 50-6001"3 x 10-
2 10° 2 I ° o, * 60-70% x 107/
_ % 10 g ®* . % % 70-80% x 10"
10 — . ®* .%o, ®m 80-92% x10°
T . = -6 L e L ] * [ ]
10 3 o ™
o Good agreement “*“HH ﬁ:"’ s a’e . ‘ee., : *e,
withNLOpQCD = S10°F *aw_%. )
,&___E;g b) :—ITI **1‘....1..
2 of H = 10'1“ * A, ..l e
"E-.'l 20 ] ** A [ |
= A [ |
- T 12 " * % Aa
. : c) 10 - . * . A
g W O s P 14 “ -
E 1] o s | 10 L [ - o
& N d)| (O 16 "
R 2 '.....“_."' i Final 10 T R B Lo Cl e b
= b e iy submitted 0 2 4 6 8 10 @ szl
: | ev/c
' . % || ©TR Datareach pT=12GevV '
.-h"‘\-"‘_ \/
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Run 2001/2002 Au-Au vJs= 200 GeV:
R, High p; Suppression

. YieldAuAu/<Nbinary>AuAu RPat _ YieldAUAU/<Npaft>AUAU Flijna_l edj
AA : AA T . submitt
Yield Yield,, /2 rOPRL
<18 o
Y E ® Central =° (0-10%) h}?- a5 o Rp-ri=_h,r|;_l:,_rlx dHL“;'“"J'dy
W Peripheral z° (80-92%) .‘3 ' N dNTYTdy
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1.2 A T + + + +
1o foomruadeccdBotuniicaceianncenceniinnies 15—
: IRy | o + >
0.8) | [
Ul LR | |
0.6 15‘” """"""""""" .R_ """ AN Fldy
LY wl
0.4 ‘.'. 'y + ﬂsl‘ & B i :»-.«cll"uI’FlrJ Idy
: BRI TYL + A ®
v e e e e | '_AUI-AUInucl-ex/0304|022l | _
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Run 2001/2002 Au-Au +/s= 200 GeV:
Particle Composition at High p-

PHENIX Aut+Au \s,, =200 GeV

] 1'83 protonipion 1L anti-proton/pion
: = o h|d ]
e pln~lathighp, for & 16} om  AutAu0-10%
' o I 2 & AutAu20-30% N
centra collisions 14} el
12F T | ¥ p+p,s=53Gev, ISR
T --- e'e, gluon jets, DELPHI
e |n per|phera| 1L [ e e'e, quark jets, DELPHI
collisons,p/t ~04  ggt 2
0.6F -
04F -
~ 6 I I
) Final 0.2 -
to be I _
submitted 0
to PRL 0 1 2 3 4 ) 1 2 3 4 )
v p; (GeVic) p; (GeVic)
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Run 2001/2002 Au-Au +s= 200 GeV..
Central to Peripheral Ratio for Protons and Pions

% 2-5 - I | I | I | I | I | I | I j

T | e(p+p)/2 Yield®0%) / <NO10%,

. B 0 Py

- No apparent suppressionin %[ | © T Yield®**% ; <N 52%5 ]

proton yields for 2 <p,<4 GeV/c [ i

- Different production 150 .

mechanism for protons? i T o i

i _bag% 7 | | o -

L (kA A N A -

S 4 :

05— @ é S —

- 4 T % 5 5 45 08 g N

@ Final S —————— M. M-
to be o - | 1 | 1 | 1 | 1 | 1 | 1

submitted 0 1 2 3 4 5 6 7

u&/ pT (GEV’C)
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Run 2001/2002 Au-Au Js= 200 GeV:
Particle Composition at high p-

D[i :
(h*+h)/2n°~50% X 3
greater incentral £ 25 + . + +‘/ Centra I
than peripheral g - ' 1
at mid pr i + + 2.0.9 + HH}# . | N
B Perlpheral + .
similar again for ask-
pT>5GeV/c B o |
: S ool
9 Final =
to be N 02 _’—ﬁ/
submitted E 01— T
to PRL S L S T S Y S SR S——
U = D 1 2 3 4 5 6 7 8 9

pr (GeV/c)
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Run 2002/2003:
d-Auand p-pat Js= 200GeV

A | VErsusp;
A LL_
p_p run goal: 006 ] ;T;Ejpb GRSV 11151#}:{‘##,:
5 Hfﬂ_,.-'""”
Access gluon polarization 0.04 y
. . ——
through double spin asymmetries |
A | inclusive n° production +
0.02 - -
: s e
Required: 30% Polarization | s
and [Ldt=500nb1 0.00 ' .
0 2 4 B
pr[GeV/c]

—
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Successful Rotator Commissioning/Local Polarimetry

Y ellow

Blue

[t Pymicn toymmmsnny iyoirn soath) | SORT tormals | e symphis

Rotators on --> vertical polarization Rotators on--> radial polarization
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See Kiyoshi Tanida stalk Friday!
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Run 2002/2003:

High p; Spectrain d-

-1

Au at s = 200 GeV

SiEss \ PHENIX PRELIMINARY 510 = PHENIX PRELIMINARY
- o %{E:EDD GeV, charged hadrons ; oF Js =200GeV, neutral pions
- 5 @ = ' ; ;
AR S g g 10 : dAu min bias +
< 10 \ dAu min bias - sl . EMC tricger
7] g = M
< ..'s I F
% S )
3 . 8 E 10 = '
10 “"-'!_ ™ - '
e LT ‘
\{f —%10 - '
. Zﬂ* of .
1[]-5 \ &‘10 §_ "
\*!H B L ',
S % ! -C}I'T' 10 = Yy
N - ¥
-7 8
1n 10§_III|III|III|III|III|
0 2 4 6 8 0 2 4 6 8 10
pr [GeVic] P+ [GeV/(]
T
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Run 2002/2003 d-Au Js= 200 GeV:

Charged Hadrons Ry for d+Au: Rya

- Charged hadron are
measured with tracking
detectors in two independent
arms

= Cronin type enhancement
relative to binary scaling

q 2 | |
L=
14 dAu min. bias '
1.5 - ’ !
! -“ ‘e 'R ¢ + + { :
- * 1
1 al i
.u'.. PHENIX PRELIMINARY
y Js = 200 GeV, charged hadrons
0.5 — r -
0 | |
0 2 4 6 8
p; (GeVic)

T
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Run 2002/2003 d-Au +vs= 200 GeV:
0 Raa for d+Au collisions: Rya

Neutral pions are measured with 2 independent
Calorimeters — PbSc and PbGl

2
jo el
- 2 results agree within errors
- Not suppressed relative to
binary scaling

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

S ]

- ¥ PbSc PHENIX Preliminary
R
f‘i—’—* S #J_} I I_" ]
- ¥ P
3 1c errors

C v ey ey ey ey ey

0 1 2 3 4 5 6 7 8 9 10

p; (GeV/c)
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Run 2002/2003 d-Au +vs= 200 GeV:
Rgya for charged hadrons compared to r°

“Cronin” enhancement

more pronounced in the

charged hadron
measurement

Possibly alarger effect in

protons at medium p;

2

2
E —

1.8F

1.63_ t

1.4 st

¥

sz/{;HHYh{'
;, PHENIX Preliminary
0.4

1
0.2 lo

++{{ |

errors

0.8
0.6
o N T O S R B
0

8 9 10
p, (GeVic)
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Run 2002/2003 d-Au vs= 200 GeV:
Neutron tagged p-A collisions

Neutron and Proton Tags |

=B"= = _
250 = =, = =
T e ithapn. B
-—..-_h'_ - -]
— T = ]
200 pat™ o == == = o
= = R =y Wy e
S e Fe = " 4
= —— -

ﬂ/?
‘E'Lf. ;
3 ;.:':ﬁ
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1
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II 1

||'\ﬁ'|
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i

11N

|

!

|
e

|
1Itll |

E g

Neutron tagged events are
enhanced in ultra-peripheral =
collisions o GE T N b

FCAL Energy Deposit
z

120 140 160
ZDC Morth (A.U.)

ZDC Energy Deposit
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Run 2002/2003 d-Au vs= 200 GeV:
Centrality Dependence of Rya

Comparison of ultra-peripheral events (<Ncoll>=3.6+/-0.4)
to minimum bias (<Ncol|>=8.5+/-0.7)
No centrality dependence observed!

% 2 ""'T"'"r""""""""1""'T"""""“""". ---------------------------- E 45 | ! ' ! | -
o _ dAu neutron tagged . E 350 E
_ ° age I' i a aF dAumin blasfneutron tagged ‘ B =
15 - ”{“ * _ { 5 25k =
B &t ~E ]
o -l =
o L] 8 15; J[_ E
- PHENIX PRELIMINARY g 1 f_ PHENIX PRELIMINARY _f
0.5 E' Js = 200 GeV, charged hadrons ‘S 0-55_ Vs = 200 GeV, charged hadrons _i
IE u E L | L . L | L L L | 3
0 ,_-; __________________ 5 ________ 4 E __________ £ 0 2 6
p; (GeV/c)

p, (GeVic)
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Run 2002/2003 d-Au vs= 200 GeV:

1% Raa Theory and Experiment for
central Au+Au and d+Au collisions

2
1.8

d+Au: I. Vitev, nucl-th/0302002 —_1.6
and private communication. 4.4 |

Theoretical predictions: &

Au+Au: I. Vitev and M. Gyulassy, -2

|

PHENIX Preliminary

anti-shadowing

hep-ph/0208108, to appear in L
Nucl. Phys. A; M. Gyulassy, P. 0.8
Levai and I. Vitev, Nucl. Phys. B 0.
594, p. 371 (2001). 04 T~
0.2
0
0
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PHENIX PRELIMINARY _
\s = 200 GeV, charged hadrons|

05 ~ -
i Vitev nucl-th/0302002 i
0 i P T Y B
0 2 4 6 8
p; (GeV/c)
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Summary

PHENI X operatesin design configuration

Successful d-Au and continuing p-p running

Wealth of resultsfrom Run-2 on Au-Au and p-p physics
Cronin like enhancement at high p; in d-Au

Welivein interesting times,
moreresultsin the near future!
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