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PH ENIX  What is PHENI X?

e H oneering Hgh Energy Nud ear Interaction eXperiment

. Goals
0 Boadest possde sudy d
AA pA ppcdlisonsto
LS udy nudear neiter under edreme condtions
[JUsing a wide vari ey d probes sensitiveto dl ti mescd es
LIS udy syste netic variati ons Wt h species and ener gy

nMeasure sgn sructre d the nudeon

[1These two programs have produced a det ecta
wth unpardl ded capahlities
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Brazil University of Sdo Paulo, Sédo Paulo PH_-.‘EN lx
China Academia Sinica, Taipei, Taiwan ZIN _{-’_'

China Institute of Atomic Energy, Beijing o
Peking University, Beijing {

France LPC, University de Clermont-Ferrand, Clermont-Ferrand % y
Dapnia, CEA Saclay, Gif-sur-Yvette

IPN-Crsay, Universite Paris Sud, CNRS-IN2P3, Orsay
LLR, Ecole Polytechnique, CNRS-IN2P3, Palaiseau
SUBATECH, Ecdle des Mines at Nantes, Nantes
Germany University of Munster, Munster
Hungary Central Research Institute for Physics (KFKI), Budapest
Debrecen University, Debrecen
Eotvos Lorand University (ELTE), Budapest
India Banaras Hindu University, Banaras
Bhabha Atomic Research Centre, Bombay o _
Israel Weizmann Institute, Rehovot e = o
Japan  Center for Nuclear Study, University of Tokyo, Tokyo ,
Hiroshima University, Higashi-Hiroshima P ' e e e,
KEK, Institute for High Energy Physics, Tsukuba : -
Kyoto University, Kyoto _ 12 Countries; 57 Institutions; 460 Participants*
Nagasaki Institute of Applied Science, Nagasaki
RIKEN, Institute for Physical and Chemical Research, Wako
RIKEN-BNL Research Center, Upton, NY USA Abilene Christian University, Abilene, TX

University of Tokyo, Bunkyo-ku, Tokyo Brookhaven National Laboratory, Upton, NY
Tokyo Institute of Technology, Tokyo University of California - Riverside, Riverside, CA
University of Tsukuba, Tsukuba University of Colorado, Boulder, CO
Waseda University, Tokyo Columbia University, Nevis Laboratories, Irvington, NY
S. Korea Cyclotron Application Laboratory, KAERI, Seoul Florida State University, Tallahassee, FL
Kangnung National University, Kangnung Georgia State University, Atlanta, GA
Korea University, Seoul University of lllinois Urbana Champaign, Urbana-Champaign, IL
Myong Ji University, Yongin City lowa State University and Ames Laboratory, Ames, 1A
System Electronics Laboratory, Seoul Nat. University, Seoul Los Alamos National Laboratory, Los Alamos, NM
Yonsei University, Seoul Lawrence Livermore National Laboratory, Livermore, CA
Russia Institute of High Energy Physics, Protovino University of New Mexico, Albuquerque, NM
Joint Institute for Nuclear Research, Dubna New Mexico State University, Las Cruces, NM
Kurchatov Institute, Moscow Dept. of Chemistry, Stony Brook Univ., Stony Brook, NY
PNPI, St. Petersburg Nuclear Physics Institute, St. Petersburg Dept. Phys. and Astronomy, Stony Brook Univ., Stony Brook, NY
St. Petersburg State Technical University, St. Petersburg Oak Ridge National Laboratory, Oak Ridge, TN
Sweden Lund University, Lund University of Tennessee, Knoxville, TN
Vanderbilt University, Nashville, TN *as of July 2002
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Given Name Fanily Name

Thesis Topic

Completion Date Institution

"ENIX Students on PHENI X

\\

Adviser 2nd Adviser Other Institution

Christine Aidala A Measurement of A_LL through Neutral and Charged Pions Columbia University Cole

Ahmed Al-Jamel J/psi production properties in 200-GeV polarized p-p New Mexico State University Papavassiliou

Raul Armendariz Run-4 Au-Au New Mexico State University Pate

Stefan Bathe Momentum Fluctuations and Production of Neutral Mesons in Ultra-Relativis 2002 University of Muenster Santo

Henner Buesching Azimuthal Photon Correlations in Ultra-relativistic p+A, Pb+Pb and Au+Au R 2002 University of Muenster Santo

Jane Burward-Hoy Transverse Momentum Distributions of Hadrons Produced in Au+Au Collisiol 2001 SUNY-Stony Brook (Physics) Jacak

Sergey Butsyk SUNY-Stony Brook (Physics)

Xavier Camard Direct Photon Production in Au-Au Collisions at RHIC SUBATECH Delagrange Martines
Mickey Chiu Angular Correlations in High pT Particle Production in Au-Au Collisons at RHIC Columbia University Cole Nagle Colorado
Yann Cobigo Study of J/Psi production in d+Au collisions with the PHENIX muon spectror 2004 Dapnia/Saclay Gosset

Paul Constantin ‘Two-particle azimuthal correlations in pp and AuAu collisions at sqrt{s_NN} = 200 GeV lowa State University Lajoie

Kushal Das J/Psi Production Measured via e+e- decays in Au-Au Collisions at RHIC Florida State University Frawley

Rickard du Rietz Deuteron and anti-deuteron production in sqrts=200GeV AuAu Collisoins at 2002 Lund University Gustafsson
Akitomo Enokizono HBT Correlations in Au-Au Collisions at RIHC Hiroshima University Sugitate

Justin Frantz Direct Photon Production in Au-Au Collisions at RHIC Columbia University Cole Nagle Colorado
Sebastien Gadrat Open charm production in d+Au and p+p at 200 GeV Clermont-Ferrand Roche

Andrew Glenn University of Tennessee

Nathan Grau Two Particle correlations in dAu lowa State University Ogilvie

Takashi Hachiya Hiroshima University Sugitate

Robert Hobbs Asymmetry measurements in dilepton open charm production in Run3 pp University of New Mexico Fields

Andrew Hoover The PHENIX Muon Spectrometer and J/psi Production in \sqrt(s)=200 GeV ¢ 2003 New Mexico State University Pate

Takuma Horaguchi Direct photon production in polarized proton-proton collisions at PHENIX Tokyo Institute of Technology Shibata

Michael Issah SUNY-Stony Brook (Chemistry) Lacey

Wooyoung Jang University of Korea

Jiangyong Jia High pT Charged Particle Production in Au-Au Collisions at RHIC 2003 SUNY-Stony Brook (Physics) Drees

Soichiro Kametani Measurement of J/Psi suppression in Au+Au collisions at sqgrt(s_NN)=200GeV CNS-Tokyo Hamagaki

Nobuyuki Kamihara J/Psi formation and decay in polarized proton-proton collisions at PHENIX Tokyo Institute of Technology Shibata

Young Gook Kim PHENIX Event Characterization Using Charged Particle Multiplicities measured with the MVD Yonsei University Kang

Dong Jo Kim Measurement of J/Psi in the muon arm Yonsei University Kang

Akio Kiyomichi Chemical Equilibrium from Measurement of Particle Ratios in sgrt{s_{NN}} = 130 GeV Au+Au Collisii University of Tsukuba Miake

Christian Klein-Boesing Photon and Neutral Pion Spectra from the Leadglass Calorimeter in PHENL 20037 University of Muenster Santo

Ryota Kohara J/psi Suppression Mechanism Hiroshima University Sugitate

Dmitri Kotchetgov Study of chiral symmetry restoration in relativistic heawy-ion collisions at RHIC UC-Riverside Seto

MinJung Kweon J/Psi Production in Au+Au Collision at RHIC University of Korea Hong

Felice Matathias SUNY-Stony Brook (Physics) Hemmick

Takashi Matsumoto Measurements of production cross section of J/psi in $\sqrt{s_{NN}} = 200 GeV Au+Au reactions at CNS-Tokyo Hamagaki
Alexander Milov Particle production in heawy ion collisions at RHIC energies 2002 Weizmann Institute Tserruya
Mohammed Muniruzzman Phi Meson Production in Au-Au Collisions at 200 GeV Measured by the PHI 2003 UC-Riverside Seto

Tomoaki Nakamura Hiroshima University Sugitate

Jason Newby J/Psi Production in Heawy lons at RHIC using PHENIX muon arms University of Tennessee Sorensen

Paul Nilsson Experimental studies of particle production in ultra-relativistic heavy ion collis 2001 Lund University Oskarsson Gustafsson
Ken Oyama Pizero production in Au+Au Collisions at \sqgrt{s_{NN}} = 130 GeV 2002 CNS-Tokyo Hamagaki

Woodin Park Open Charm Production in Au-Au Collisions at RHIC University of Korea Hong

Hua Pei lowa State University Ogilvie

Anuj Purwar Deuteron and Anti-Deuteron Production in Au-Au Collisions at RHIC SUNY-Stony Brook (Physics)

Sarah Rosendahl Resonance studies in Heawy lon collisions at RHIC Lund University Nystrand  Stenlund
Sang Su Ryu Fluctuations in the Charged Particle Multiplicity Distributions Yonsei University Kang

Hiroki Sato J/psi Production in p+p Collisions at sqrt(s) = 200 GeV 2003 Kyoto University Imai

David Silvermyr Aspects of Hadron Production in High-Energy Heaw-lon Collisions 2001 Lund University Stenlund  Gustafsson
Mikhail Stepanov Charm production in 200-GeV polarized p-p collisions New Mexico State University Papavassiliou

Peter Tarjan Debrecen University David

Hisayuki Torii Centrality Dependence of High PT Pizero Production in sqgrt(s_{NN})=200Ge' 20027 Kyoto University Imai

Vi-Nham Tram J/psi production (dimuon channel) in Au-Au at 200 GeV Laboratoire Leprince-Ringuet Drapier Fleuret
Yuji Tsuchimoto Hiroshima University Sugitate Homma
Thomas Swvensson Tracking Chambers with 2-Dimensional Readout for the PHENIX Experiment 1999 Lund University Oskarsson Stenlund
Henrik Tydesjo Net charge fluctuations in AuAu collisions at RHIC Lund University Oskarsson

Maxim Volkov Kurchatov Institute

Hui Wang Georgia State University He

Qin Wang Georgia State University He

Igor Yushmanov Kurchatov Institute

Oliver Zaudtke Pi0- and direct photon spectra from 200 GeV Au-Au and pp-data University of Muenster Wessels Reygers
Chun Zhang Open Charm Production in Au-Au Collisions at RHIC Columbia University Cole Nagle Colorado
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PH- ENIX Thesis Awards

Two wnners d the (new RH 0 AGS Users
Thes s Awar d

02002

[1Jane Bur war d- Hoy

Litle “ Transverse Momentum Di g buti ons o Hadrons
Produced in AutAu Cdlisions a 130 GeV Measured by
the PHEN X experi nent @ RH C BNL”

[JAdwv ser: B Jacak ( SUNY- Stony Br ook)

02003
[IHrokl Sao

LTitle “Jps Hoductionin p+tp Cdligons
a vs=200 GV~

[JAdv ser: K | ma (Kyao)
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PH-“ENIX User Community

« Shift support:
0 230 v gting sdentigstook PHEN X shiftsin 2003
0 37 BNL g 4&f took PHEN X shftsin 2003
0 84 padwvstas (cod dcover per dem housing, drfare car)
0 ~167 ustas were non- US dtizens
« “Essentid personnd” (inresponseto paertia SECONL):
0 106 essertid personnd
0 28 BNL enp oyees
O 78 \Mgting Sderntigs
O 59 non- US dtizen VW siting Sciertigs
« Andysis
0 BNL staff nmake up >25% o the essentid personnd torun PHEN X

0 Non US dtizens from ou g de i nstituti ons make up >50% of PHEN X
essertid personnd

0 ~1/3d dl PHEN Xuvatasrecave some knd d finand d support or
subs dy.

PHEN X operati ons depends i n an essenti d way
on the contributi ons fromba h many ou s de

| ngituti ons and from non- U. S citizéns. Every
effat nust be nadeto nake accessto BNL as
straghtfor ward as poss de.
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PH--ENIX Run-3 Design Configuration

10

Centrd Ar m Tracki ng
Dift Chanber PC3  Cenmal oo
Pad Chanbers ,
T me Expans on Chanber
Muon Ar mTrack ng
Mion Tracker: North Muon Tracker
Cal ori netry
PoG
PbSc
Partideld

Muon | dertifier; North Muon |dentifier

RCH West Beam View East
TOF

— N
TEC ,

d obd Detectors &
BBC

Central Magnet "Q!‘-

ZDC/SMD Local P ari met er j%éi I
Forwar d Hadron Ca ori meters = .

Jorth

MulD - dl-'--—-—-r- MulD
NTC T VD N LTI
MuTr Sy,
MVD
Onli ne Cali brati on and P oducti on

L South Side View North
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PH ENIX Continued | nprove ment

« RUN-3
to
Run-4

shut down
schedd e

6/27/03

PHENIX SHUTDOWN SCHEDULE SUMMARY -SD'03

DESCRIPTION

Open Up for Access
Remowe Big Rolling Door and Plug Door
East Carriage to Asm. Hall
Test and Remove MVD
Remove MM N & S Lampshades

Complete new A/C Installation in IR
CM Inner Coil Set up and test

Coil Bus and Hoses

Power Supply Hook-up

Interlocks & Controls

Run & Test

CM Mapping with Inner Coil
(All magnets operating)

Muon Tracking Detector Maintenance
Replace Lampshades when Done

Install Aerogel Detector Infrastrucure
Rack Platforms
Racks w/ Power, Water, Cabling etc.
New Access System for West Carriage
Install Aerogel Detector in West Carriage

East Carriage Detector Maintenance

East Carriage Roll into IR and Set Up
Restore Connections and Access

Prep for Run '04

Install MVD

Safety System Checkout
Commissioning

Rebuild and Close Rolling door

BEAM START

JUNE JULY AUG SEPT OoCT NOV DEC
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PH ENIX RHICRuns toDate

e Run-L
0 Au- Au a 130 GeV
[0 Expectation 20 pb !

[0 Redity *~1 bl
[J Out put: 11 puldicaions (to dae 1 pend ng)
« Run-2

0O ArAua 200 GeV

[0 Expectation 300 pb?

0 Redity : ~24 ubl

[J Out put: 4 submss ons (to dat e 8 a hers pend ng)
Oppa 200 GV

[0 Expect ations: 3pb?!

0 Redity s pr 1
[J Out put: 1 submss on (to dae 1a her pend ng)
e Run-3

0DdAua 200 GV

[0 Expectation 10 nb1

0 Redity: : 27 nbl

[J Out put: 1submsson(to dae)
Oppa 200 GV

[0 Expectation 3 pbl

0 Redity : Q35 pb1i

[J Out pu: TBD

12



o PHENIX: Run History "

PH-"ENIX

Run| Year Species s2[GeV ] [Ldt N,. p-p Equivalent Data Size
01 2000 Au-Au 130 1 ub! 10M 0.04 pb! 3TB
02 [2001/2002 Au-Au 200 24 pb! 170M 1.0 pb-! 10 TB

pP-p 200 0.15pb! 3.7G 0.15 pb'! 20 TB
03 |2002/2003 d-Au 200 2.74nb!  5.5G 1.1 pb! 46 TB
p-p 200  035pb! 6.6G 035pb!  35TB

PHENIX Detector - First Year Physics Run PHENIX Detector - Second Year Physics Run 4 PHENIX Detector
- PC3 Central e

Run-1
Run-2
Run-3
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PH ENIX Publication SUummar

 Run-1
011 puldications, 1subm ssion
0 4“TopQGtes’

« Run-2
0 AFAU. 4 submss ons
[l PP - p SUb m Sg' ons ( Cumulative PHENIX Citations )
« Run-3 &
00-Au : 1submss on
(accept ed)

450 <

400

Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03
k )
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“"ENIX Run-1 Rublications

“Certréity dependence o charged partid e nultididtyin A Au collisons & Vs = 130 GV,
PRL 86 (2001) 3500
“ Measurement o the nidrap dty transverse ener gy d stributi on from Vs = 130 GeV A Au collisons a

RH C,
PRL 87 (2001) 052301

“Suppress on d hadrons wth | arge transverse mo mentumin certrd Au- Au cdlisons a Vs = 130 GeV”,
PRL 88 022301 (2002).

“Certrdity dependence o 1#", K-, p and pbar production @ RH C,”
PRL 88 242301 (2002).

“Transverse nass dependence o the two-poncorrd dionfa Aut+Au cdlisons & vsyy = 130 GeV',
PRL 88 192302 (2002

ZSIgEG,tsurermm d dnd e d ectrons and impli cati ons far char mproducti onin Au+Au cdlis ons & Vs, = 130
PRL 88 192303 (2002)

"Net Charge Huc uationsinAu+Au lnteradions & vsy, = 130 GeV."
PRL 89 082301 (2002),

"Bvert-by evert fluctuaions in Mean p_T and mean e_Tin Vs, =130 GeV Au+Au Cdlis ons"
Phys. Rev. G656, 024901 (2002

"How Measurenernts v a Two- partide A2z mithd CorrdaionsinAu + Au Cdlisons & vsy, = 130 GeV'
PRL 89 212301 (2002)

" Measurement o the lambda andlanmbda™bar partid esin Au+Au Cdlisons & Vs, =130 GV,
PRL 89, 092302 (2002

é(éievnltrdity Dependence o the Hgh p_T Charged Hadron Suppressionin Au+Au cdlisions & Vs = 130
accept ed far puHicationin Physics Letters B(28 March 2003) nud-ex 0207009

15


http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000086000016003500000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000087000005052301000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000087000005052301000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000088000002022301000001&idtype=cvips&gifs=Yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000088000002022301000001&idtype=cvips&gifs=Yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000088000024242301000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000088000019192302000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000088000019192303000001&idtype=cvips&gifs=yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000089000008082301000001&idtype=cvips&gifs=Yes
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVCAN000066000002024901000001&idtype=cvips&gifs=yes
http://link.aps.org/abstract/PRL/v89/e212301
http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000089000009092302000001&idtype=cvips&gifs=yes
http://xxx.lanl.gov/nucl-ex/0207009

PH._ENIX Recent PHENI Xresults "

o Run -2 final results:
o High p; m® (Au+Au @ 200 GeV): submitted to PRL nuc! - ex/ 0304022
High p; ™ (p+p @ 200 GeV): submitted to PRL hep- ex/ 0304038
Elliptic flow of identified particles (Au+Au @ 200 GeV): nucl-ex/0305013
J/Psi yields (Au+Au @ 200 GeV): submitted to PRC nucl-ex/0305030
J/Psi yields (p+p @ 200 GeV) to be submitted to PRL
Inclusive charged particle at high p; (Au+Au @ 200 GeV) to be submitted to PRC
Identified charged particle spectralyields (Au+Au @ 200 GeV), to be submitted to PRC
0 p,pbar high pr enhancement (Au+Au @ 200 GeV): submitted to PRL nucl-ex/0305036
« Run-2 preliminary results:
0o dN/dy and dE{/dy (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)
o dand dbars (Au+tAu @ 200 GeV)
o Run-3 final results:
o High p; ™ (d+Au @ 200 GeV) nucl-ex/0306021
0o High p; inclusive charged particles (d+Au @ 200 GeV) nucl-ex/0306021

EERNEIN NEL K\ KN N\

NN\ O\ K]



http://xxx.lanl.gov/nucl-ex/0304022
http://xxx.lanl.gov/nucl-ex/0304022
http://arxiv.org/abs/hep-ex/0304038
http://arxiv.org/abs/hep-ex/0304038
http://xxx.lanl.gov/nucl-ex/0305013
http://xxx.lanl.gov/nucl-ex/0305030
http://xxx.lanl.gov/nucl-ex/0305036
http://xxx.lanl.gov/nucl-ex/0306021
http://xxx.lanl.gov/nucl-ex/0306021

N\ Run-2 Au- Au Results on H gh’

PH- -ENIX p, Yi e ds (Periphera)

« PHEN X(Run-2) data on m® production

In peripherd cdligons: N
« Excdlern agr eement Em = » 7°@ AuAu 200 GeV [70-80%)]
> F .
bet ween S 1L ¥ 7° pp @ 200 GeV [Ncoll(70-80%) scaled]
0 PHEN X nmeasur ed s = E . Uncertainty in N __, pp scaling
inp-pcdlidons :tm“;_
T E
3102;_
and ~
210
0 PHEN X nmeasured 1¥'s 2 f
in Al-Au peripherd ol E
cdligons - .f
10 L
. scd ed by 4 g
the nunmber d cdlig ons
10
over ~ 5 decades
Nzgl;i?o{:s=12°4i4°2 10_E§_| | L | L | L | L | L | L | | | |

=
—
ha
(R
L
o
o

7 8 g
1% p (GeVic)



N\ Centrd Collisg ons 18

Y2 ‘
PH “ENIX Are Rof oundly Diferent
Q Do all processesthat shou dscde wth N4, dojust
tha? v 10

T o 7° AuAu @ 200 GeV [0-10%]
A No :E 0L ¥ 7°pp @ 200 GeV [Ncoll(0-10%) scaled]
E E - Uncertainty in N __, pp scaling
[1 Centrd cdlis ons s b
o =
aredfferert . =2

(Huge defidt a Hgh p)<e’ :

« Thsisadear dscovery  z,7
o new behavor & RH C

0 Suppresson o :
lowx duonsin 107
theintid gate? -

0 Energylggsin S
a new state o matter? g
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PH-“ENIX Isthe suppression new?

Yes- al pevous

nud eus- nud eus
measurenents see

—
o L R, 7' 0-10% Central: enhance men_t,
g 25~ o AusAu \5,m=200 GeV not suppr essi O_n
R o Auslu s, =130 GeV |° Efde(%a?t EH Cis hvs
2 i quaitativa y new pnhys cs
7 ol PbePb w1736V | made accessHe by RHC's
Ed; : ‘Unhderstood enhance nment ablltyt_o rroduce :
2 L from Q ori n efect 0 (cop ous) perturbaive
18l = — pr obes
. 0 (Newstates d matter?)
- N.q basdine .
- TE e "} Run-2resuts showthat ths
y |- fmssssssssssssEEEEEns sWissssssmmssssmEmmEmn ef f ec!: mrs 4s (| ncreases) to
B ey the h ghest avalad e
. Rl transverse noment a
05 .7 & ms « Describeinteans o
Lo ' scdedraio Rua
I _ Yieldn AwAu Events
ol T IR Y TN N MO AN NN NI SO <A°B>(Yi eldnp-p Eventé
0 1 2 3 4 5 6

Fi 8
7° p; (GeVic)

= 1fa “basdine expect ai ons”



08

0.6

04

N 0 yiddinAu+Au vs. p+p 2
PH--ENIX is
TS calig ons
| &
g y
E 1_3_
>-=ﬂ " PHENIX Collab. ® Central x° (0-10%) EHYSICAL
Zu 1.6— Submitted to PRL, . EVIEW
< - nuclex/0304022 Peripheral ©° (80-92%) ]_ETTERS
214 S
- R
D N : : e S
$ 4ol binary scaling e ]
n, [ o e SR
< _ S
€ At o 80-92%---------
C ] I J [ 7] S s

0.2

Mo
Library or Other Ins ed Until 2007
% Published by The American Physical Society

Discovery of high p;
suppression (Run-1)

Extended to truly
high p; (Run-2)
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PH- -ENIX d+Au_Spectra

« o Au proposed as acriticd test d the el S S
suppr ess on
0 27nb!cdlegdedin Run-3 i
0 Recdl ths ~equvdentto t
| [ +BBC Ldt(/ub) I
Run- 2 Au- Au “part on-parton’ fl ux - 2oc Loy .!" -
oy BBC LL1 a7 \ '.l".
®»p.specrad s mareach 00 -—— s
| PHENIX PRELIMINARY | < 4L - _
-\ \'s = 200 GeV, charged hadrons - & . minimum bias d+Au ¢ syn=200 GeV
: . = 10'L _E‘\
-1 " E E ]
10 — dAu“neutron,l,agged + %,10_2;_ sd+Au data E_ Z » d+Au data
i p+Au ] gm'{ F \ o pp ref.
| 2 ~Ppref; \.*, —fittopp
10 510_ 3 W e
T 10k \, »
: o E W @
: = 10"} W e
10 ¢ E 5 3 m %s P
: =" Tr m &
= 10 3 hi TCD »‘h oy
| af PHENIX Collab. N 9
ol 10 submitted to PRL g
0 2 4 B 8 ‘Il]-g_llll|IIII|IIII|IIII|IIII|IIIlllnL'I(:I-e)(/()306021 I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III.i

012 34561789012 345©¢678 910

pr (GeV/c)
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PH-<ENIX Is d+A a good approximation for p+A?

« 20
1.3
< 1.6
X 14

1.2

1
0.8
0.6
0.4
0.2

0 Ll
0

B charged hadrons

o 0

III|III|III|III|III|III|III|III|III|III
: ‘--—l—-
e
i
._._.
e
o =t
—O—
|—.—|
-—.—.
III|III|III|III|III|III|III|III|III|III

—
o
N
N
()
ot

co v bvv e b by
7 8 9 10
p; (GeVic)

» Min Bias: » Tagged neutron:
= 1.7 deuteron participants * 1.0 deuteron participants
= 8.5 collisions = 3.6 collisions
= 5 coll./part. = 3.6 coll./part.
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PH ENIX Raa Vs Rj\forldentified 0

) A A A AT AT
- 1 32 e R, - dAu min. bias (PbGI) lm=206 Ge\l"_z
1 .6 - ® Rd - dAu min. bias (PbSc) -
e R,s - AuAu 0-10% central = -
1.4 I = Initial State
1_23_ [ T o _f Effects Only
15 *$#. i. -
0.8~ (& | ‘ E
O.Gf— neutral pions » _f
0.4 EF I Au+Au 1 3 Initial + Final
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PH--ENIXCentraity Degendence24

d + Au Control Experiment

Au + Au Experiment

g 2_ T | T | T | T ‘ T | T | T | T é 2_ T ‘ T | T | T | T T ‘ T | T
0", oC Au+Au 200GeV B CCU1 ol B
16 W h*+h 0-10% /N+N (I n°0-10% /N+N 160 I.lﬂ-ﬁ
: : -
1.4 = 14 Flﬁi- —
1.2 ] 1.2 E —
15 I . 10
0.8 — o8k l'J'- .
L : ':..
0.6 - o6 " ]
0.4 ﬁ;‘l.. 5 04— ]
B & - d+Au 200GeV = h*+h"0-20%/ N+N
0.2F S0 U 5'5%% 0.2F =
P S R R NI R HE IR B P S R R NI NN R HAVE B
0 1 2 3 4 5 6 71 8 0o 1 2 3 4 5 6 7 8
Final Data p; [GeVic] Preliminary Data p;[GeVic]

« Dramaticdly dfferent and opposite cenrdity
evd ution d Au+Au experiment from d+Au contrd.

o Jet Suppressonisdearly afind dat e eff ect.
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“"“ENIX TheReviews Aeln
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« ‘“Irdyddigtedbyths news and very proud o the
ach evenen.”

0 R Obach (va Peter Rosen)

« “‘M/ own congrat U aions on what appearstobethe
d scovery o a new phenomenon.”

0 Pet er Rosen

« “...1he daacane ou remarkaldyfast- it'struy
| Npressve”

“Thsml estoneis what RHI C was bultto do”

“It hasthe patentid for chang ng the way we | ook a
the un verse’
0 Denns Kovar
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PH ENIX 2002-2003 p+p run

1000.00

» lrntegraed|um nogty
350nb ! from 6 6x10°

900.00

—

™ 800,00

4 —&— Integ. BBCLL1

2. 1Rs
STAR | f[

- & - Integ. ZDC

26

B B CL Ll trl gger S geoo.oo Tﬂf\ﬂfﬂg?jz\p !;
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» Hgure d nerit
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PH ENIX Transverse Sin Asymmetries
. RUN-2: Neuron L
P12 whil ot esti o o oo SN T

pd arimet e desi gnedto
look for 1€, yasy mmetri es: Hadron Cal

Lead Block  Hadron Calorimeter (RHIC ZDC)
”2}-iul

T
top (Plastic Scintillator)

5kc;n i 23cm

Tungsten
(0.5¢m thickness)
Optical Fibe

. - ot O el
Gamma Veto Cou 1ter\ Post-Shower Coun

b
i

ter
(PhbWO1 2x20%2cm? )

Based System
Dipole Magnet

Beam-Beam
Hodoscope(£200cm)

“Left- Rght” asy mmetry
measuredfa dffeent
dicesin ph:

EM Cal

Based System

Dipole Magnet

Collision Point
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PH-<ENIX Phi Asymmetry

A — 1 /Nt Ny = MRNIL  calculated using
Ru N- 2 N Pp /Ny, Nig + /N+rN,1  square root formula
Neutron Asymmetry ¢ Distribution || * /ndf e
po 0.1076 + 0.008705
. Successf ul = 0.2
measurement d < 0.15¢ i
fa ward neutron 000-; t
asy mmetry. e
. Understood (?) In 0,055
tens d dange 01
p on exchange. -0.15¢ Prehmmary
- Large asymmetry D&e W ey he 0 4k
g ves good figure o (rad)

d rrerltfqlmd Y. Fukao et al., "P d f the 15th
. Fukao et al., "Proceedings of the
( PHEN >9 International Spin Physics Symposium (SPIN2002)

pd aimetry.
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H ENIXLoca Pdarimeter at PHEN X

Spin Rotators OFF

|phi Physics Asymmetry (blue,north) : SQRT formulf

+

0.015

001

0.005

<

£0.005

20

Blue

£.015

hbphyasymphin

Nent=0

Mean = 0.07095

RMS = 1.041

Chi2 Indf=6.839 16

p0  =-.01372+ 00009679
1 =0.1673+0.065%6

‘phi Physics Asymmetry (yellow,south) : SORT formula i

001
0.008

0.006

yphyasymg

Nent=0

Mean = 0.2143
RMS = 1048
Chi2 Indf= 4.45 16

p0  =-0.005294+ 0.000967
=10.2987+ 0171

pl

0.004

0.002

<

£.002
£.004

£.006

£.008

5 A 5 0 05 1 15

Spin Rotators ON, Almost...

IP|=30%, Pr=0% >

IP|=37%, P;=24% >P,=28%)

\phi Physics Asymmetry (blue,north) : SQRT formulf—

P,=30%)

Nelnt'= 0' I

0.006

o

{0,005

00

Blue

Mean =0.2483

RMS =0.9549

Chi2 / ndf=8.685 /16

p0  =-0.003525: 0.002177
pl_ =0.9583+0.5919

‘phi Physics Asymmetry (yellow,south) : SORT formula |

5 -1 25 0 05 1 15

Run-3

002

0015

00

0.005

=

phi Physics Asymmetry (blue,north) : SQRT formul'p

Spin Rotators ON, Current Reversed

‘phi Physics Asymmetry (yellow,south) : SORT formula |

003

0.025

0.0;

=

0.015

0.0

0.005

Phyasymp

Nent=0

Mean =0.08779
RMS =0.7322

Chi2 /ndf=123116
p0  =0.02038: 0.001937
pl  =-1479+0.1022

15

45 0 05 1 15

yphyasymp

0

0005

£.01

0015

.0

=]

£.025

Nent=0

Mean = 002049

RMS =06512

Chi2 /ndf=5582 16

p0  =0.02136+0.0019
pl =1671:0.0948

Yellow

15

-1 45 0 05 1 15

Spin Rotators ON, Correct!

P,=35.5%

£0.005

20

0015

£.02

hyphyasymphis
Nent=0

Mean =-0.1014
RMS = 1024

Chi2 /ndf=2.231/6

p0  =-0.01568: 0.002288
p1 =-2919:0.1344

-0.005

0015

15 - 05 0 05 1 15

A5 A 05 0 05 1

15

Physics phi Asymmetry (north) : bunch fit || hbphyasymphin

0.01

0.005

Nent =0

Mean =0.04922
RMS =0.8118
Chi2/ndf = 9.085/7

pd_ =-0.0008697 -+ 0.00147

PB=37%

: Physics phi Asymmetry (south) : bunch it |

0.002
0

+0.002

0.01

0,004
-0.006
-0.008

0,01
0.012
-0.014
-0.016
-0.018

\____F_
hyphyasymphis
Nent =0
Mean =-0378
RMS =09162
‘\/ | | Chi2/ndf = 6296/ 6
r
(&) ( YY g0 =0,007087 £ 0002056
' e //‘ 1 =-1118+0.307
15 1 05 0 0.5 1 1.5

Essentid to success o Run-3 spn physics!
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PH ENIX Q4 uon Polaization

. Next step Measure cross- = 2
section as atestfa 3 0k Js =200GeV .
pert urbative QCD a 2 0 T onenx on

= 3 [ ata

o INRUN-2 prease neasure d mg 1;? — KKP NLO
T® Cross-secti on. T el N Kretzer NLO

- L S

. Agreenment wth pQCD 10°
Ind cat es we can extend A, | 10"
and ys stolower p; 10" ?
| nportart for I ncreas ng g w0 E
stisticd predsonWthRun- | g of sl
3 daa sd. ¥ b ]

‘F C)
n 2
0 Leemmimee
A S d)
e
submitted to PRL, hep-ex/0304038 | ~ o
0 5 1‘0 15

pr (GeVic)
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PH-<ENIX Projected Run-3
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sensitivit

. T0 A,

eXPECtai m 0.08 _ L=O.35pb'11 <P>=27%

- Onlythe

beginnng...
— 0.04

S

E

-
<

0.0:

0.00

NLO

T I T T T T I L— T T T

....

GRSV—max

GRSV-std
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PH- -ENIX SpinSummary

» PHEN Xis wall sutedtothe study of spnphysics wth a wde
vari gy of probes.

AG wth prompt y heavy flavor v a d ectrons, light hadr ons
Anti-quark helidty di stri buti on via Wdecay

Transversity

Physi cs beyond t he standard nodd

» Run-2 gave us a basedine for transverse spi n asy mmetry
and cross- secti ons (and | ocd pad arimetry)

» In Run-3 we comm ssioned wthlongtud nd po arized prot ons
(successfu spnrotators) and took datafor our first A |
measurenents using T

» Ve have stud ed our rd ativel um nosity syst e matics and can nake
an A, neasurenment that is statistics li nted.

» \We have anupgrade gdantha wll gve us thetriggers and vertex
Iformati onthat we needfor precisefuure neasurements d AG, Ag
and new physics at h gher | um nosity and energy.

U
U
U
U
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PH%%ENIXRUWZ p-p: JWlnvariant Mass D stribution

20y S 20 —
% [ — unlike-sign % — unlike-sign
= - like-si = - like-si
3154 ike-sign g ike-sign
o >,
101
5_
0 ! ! , o, .
‘9 Final 2 3 4 5 2 3 4 5
submitted Invariant Mass [GeV/c] Invariant Mass [GeV/c] |
to PRL
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#\x;/‘ Run-2 p-p:
PHEKENIX Co mpari son wth Previ ous Experiments

5 —
() I £ i
% 2:_ PHENIX 310
S © 1 — PHENIX
A B A
;{1'5_ 1015_
Voo ;
Ll: 10°
5t : 3L #' _ CEMwith GRVHO
05; —Fit(p+qIn \s) 10 -----CEM::thMRs-A
10 10° 10 10°
g ina
il Vs [GeV] Js [GeV]
submitted
toPRtIt,
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PH--ENIX RH C Runs toDate

e« Run-1I
0 Au- Au a 130 GeV
0 Expectation 20 pb ! :
0 Redity ; ~.:|_ ub—l fShOftf?”zo
[J Out put: 11 pubicaions (to date 1 pend ng) actor o
e Run-2
0 ArAua 200 GeV
[0 Expectation 300 pb? :
[ Redity .~ 24 ! Shortfall:

[] Out put: 4 subnss ons (to dat e 8 o hers pend ng) factor of 12
Oppa 200 GV

[0 Expect ations: 3 pb1 Shortfall:
[0 Redity s pr 1 factor of 20
[J Outpu: 1 submsson (to dae 1o her pend ng) (o0)
« Run-3

0 dAua 200 GV
[0 Expectation 10 nb! Shortfall:
0 Redity: : 27 nbl
[J Out put: 1submsson(to dae) factor of 4

Oppa 200 GV _
[0 Expectationt 3 pbl N B “Shortfdl” defined Shortfall:
0 Redity : 035 pbl ort 1S factor of 9

0 Out put: TBD wt “opti msti ¢ gu dance’ (30-60)



Pmlx Run-2 J/ pT D stributi on from pp36

10 = + 3 + .
e 2. Jy—oee Jy —>pp
Q C
S q: !
£ \
S \
o = i .,
% :}110 - “‘., "'“':‘
mH 10-25_ v — \
o v
B fq 10™" ' | -l | | |
0 2 4 6 0 2 4 6
D Final pr [GeV/c] pr [GeV/c]
—to-be-
submitted
v&, <p> = 1.83 £0.25 (stat) = 0.20 (sys) GeV
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PH}‘/;X{{ENIX Rin-2J Rapi dty D stributionfrom pp

60— e

........
'''''''''
. -,

do
S
|

----------- Pythia (GRV94NLO)

@ Final 207" —— COM (GRV98NLO)
i S e COM (MRST2001NLO)
to PRL ’

e 0 | | | |

o Integraed cross-section:
e 39 +0.61 (dat) £0.58 (sys) = 0.40(abs) ub



’V__

Run-2 Jy Centraity Dependence **

vs, M. Schroedter, J. Rafelski Phys. Rev.
)05 (2001): Plasma coalesence model
MeV and y;...,=1.0,2.0, 3.0 and 4.0.

L. Grandchamp, R. Rapp Nucl.

Phys. A&09, 415 (2002) and
Phys. Lett. B 523, 50 (2001):

Nuclear Absorption+ absoption

in a high temperature quark gluon
plasma

PH--ENIX
Hf/\v from Au- Au
40-90% 20-40% 0-20%
5 most central most central most central
X10™ N 45 N_ =206 N_ =779
g 0-5_ coll 1 1
2 0450
8 -
> 0.4
@ -
5 0'35:_ T oo RL. They
" - C63 054¢
g 03 1 e for T=40(
ZoosE e e
> - :
2 - 3
Z2 02 i
< - R
0 015 I'f
=4 0 ‘IE
2N E A. Andronic et. AL Nlicl-th/0303036
p 0 05 : Proton J””'l'l'l”m”””””'”""""’"”””-’HH"rrrrr'.’.'.'.’.'.'.'H.'.’rrrrrrrrrnu||||||||||||||||||||
0:IIII|IIII|IIII|III|IIIIiII||:||..—!—¥—‘—'|"II
submitted 0 50 100 150 200 25 300 350
EGLEC Number of Participants
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Run-2toRun-3

« QOur tad

dimuon mass i+) |

d -MuU on $ 4 opposite-sign pairs
o' L %ww same-sign pair bkgd
samd efrom - i
. t
Run-2 pp: L w
20 — unlike-sign }L }LH:‘ FHL }L
el BT
O | 1 | 1 | 1 | 1
10" . LLLL 0 1 2 3 3 5 6 1 8 M“:ﬂ t 1;1
5_:' 5:"IE \ [ dimuon mass {signal) |
o Ui o] \ i, ~211 J/¥s
2 3 4 5 3.11 £.02 GeV

Invariant mass (GeV/c 2)

mparedto
~1/3 o our
d- Au sampl e

0 =143 + 14 MeV

A 10
M (GeVic)
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PH_ENIX

Desi

« Cond usions:
0~Al gods
accomplished

[JAs per mtted by
avalald eintegat ed
lunnnosity

[JFor Au- Au (d Au) oy

oMuch remal ns

OJTrdyraeprobesin
Au- Au

[ISped es scans
[1Energy scans

Compareto our Concept ua

3-18 CHAFTER 3. PHYSICS CAPABILITIES

Table 3.1: Physics Variables to be Measured by the PHENIX Experiment

40

Quantity to be Measured Category™ | Physics Objective
ete”, ptu”
o p— ptufp— ww, dofdp, BCD Basic dynamics (T, 7, etc.,) for a hot gas,
w —ete” fw— ww, dofdp, transverse flow, etc.
¢ d-meson’s width and m,_ 4.~ QGP Mass shift due to chiral transition (C.T.) [2]
¢ —ete o — KK~ QGP Branching ratio change due to C.T. [J]
¢-meson yield (ete™) ES Strangeness production (gg — ss)
D T —ete, ptu QGP, QCD | Yield suppression and the distortion
b = gt of pr spectra due to Debye screening
T, = ptpu~ in deconfinement transition (D.T.) [4]
ol < mp(ltl7) < 3 GeV ES, QGP | Thermal radiation of hot gas, and
(rate and shape) effects of QGP [5, 6, 7]
o mpp- > 3 GeV — ptp~ QCD A-dependence of Drell-Yan, and
QGP thermal u*p~ [5, 6, 7, 8]
oo = Tmete Y QGP Mass shift, narrow width due to C.T. [2]
ey coincidence
o ep, e(pr =1 GeV/c) QCD, QGP | cc background, charm cross section [9]
Photons
e 0.5 < pr <3 GeV/cy ES, QGP | Thermal radiation of hot gas, and
(rate and shape) effect of QGP [6, 7]
pr >3 GeV/ey QCD A-dependence of QCD ~
9 79,5 spectroscopy BCD Basic dynamics of hot gas, strangeness in 5
N(r")/N(r* 4 7~) fluctuations QGP Isospin correlations and fluctuations [10, 11]
4 High pr 7% 5 from jet QGP Reduced dE /dz of quarks in QGP [12]
| Charged Hadrons
iy pr spectra for 7%, K*. p, p BCD Basic dynamics, flow, T, baryon density,
— stopping power, etc.
QGP Possible second rise of < pr > [13]
b — K+K- ES, QGP | Branching ratio, mass width [3, 14]
I K/r ratios ES Strangeness production
rr 4+ KK HBT BCD Evolution of the collision, f7,
QGP Long hadronization time ( R, = R.g.) [15]
Q Antinuclei QOGP High baryon susceptibility due to C.T.7 [16]
high pr hadrons from jet QGP Reduced dF /dz of quarks in QGP [12]
Clobal
Niot (total multiplicity) BCD Centrality of the collision
E dN{dy,d*N/dnds,dEr[dny BCD Local energy density, entropy
QGP Fluctuations, droplet sizes [17]

*  BCD = Basic collisions dynamics. ES = Thermodynamics at early stages.

QGP = Effect of QGP phase transition.  QCD = Study of basic QCD processes.
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PH- -ENIX Perspective

« The machine ach eve nentsi ntfl\ first 3years of RHIC
oper ati ons have beenW
0 3 dfferent cdlid ng spea Al-rAu, pp, d Al

0 3 5energesfa ArAu (19, 56 130, 2000 GV
0 Ars ever pdarized hadron cdlider
0 Designlumnosity fa Au-Au
0 (Ec)
« Physics has been produced a “dl” coss-secti ons.

0 Heavy lons
Obarnm dN,{dnvs N, PRL 86 3500 (2001)

Omb : vy py nud - ex' 0305013
Opb  : RyA(Py) PRL 88 022301 (2002
Onb : JW(imt) nud - ex' 0305030

0 Spin

O Llfe(fa A, begns at +nverse pb
[0 A stat from Run-3? (0. 35 pb ™))
« Future oupu d the progam
0 Depends cruci dlyon devd opnglageirnegaedlum nosities
0 Adversdy dfeded by aignd 37 weeks [ 27 weeks per year
0 Enhanced by proposed program d upgrades
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PH ENIX Looking Ahead

Runs 4 5 6... :

(Sulj ecttothe usud cavea s
abou surprises and flex Llity):

« AU Au

0 Maj orcg_od: Frst defintive neasurement d JW
pr oducti on syste mati cs

0 Asa dred phatons, W&, light vecta
mesons, cortinuum ...

o Pd aized protons

0 Mg or god: Rrst definitive measurement d AG :
vi a TP channd

0 Aso begnning d sgn physics wthra e probes
(drec phaons, JY¥ open char n)

o Lighions o e

0 FUl exd oraion o JW producti on
VerSUSqunar - A(b)*g(_b) via a series o /
shorter(?) runs wthlight i ons

PHENIY Systern/Centrality Dependent J,/ Rates

J

=]
o
]
o

&0
o
o
Ll

AN ) /A 10Ghe( My
oo
=
=
=

soo0 |

4000 |

N B: The compl exity d sped es avalad e &
RH Cis unprecedentedfa a cdlider

» unpr ecedented scheduing chdl enge
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PH ENIX Looking Further Ahead

« Runs 1-5 EXPLORATI ON

o Well under way!

0 “Conplete daa sasfor ful energy
L] Au- Au
[0 d Au

0 200 GV pp
[J “Conp et€’ daaset fa A Aconparison
[J Srong stat on AG physcs

« Runs 510 CHARACTER ZATI ON

0 lon program

[] Sped es scans

L] Ener gy “scans’

O dA pA
0 Spinprogram

0 “Conpl ete’ pogamd A x) & 200 GeV

[0 500 GeV runn ng, sea quark contr buions

[0 Sudy & GX) vMadred phatons, heavy flavor (ener gy scan?)
0 Upgrades (as avalade) to extendreach o bah prograns

« Runs 11-15 EXPLA TATI ON
0 FUl upgrades avalade
0 Repea “conpete neasurements wth x10- 100 sengtivity



PH_ENIX Atting It Alln "

eeks
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
cooL | WARM
DOWN SETUP ¢ RUNNING —- SETUP 4 RUNNING — " 0

Run-3 mode:
10 + 3 weeks of physics running in "27 week" run
3 weeks in "high performance"” mode

Wz

CooL WARM

Run-4 mode (?):

Observations: e e g el
1) Two-mode running has worked well in initial phase of RHIC Ops to
. Develop many programs (Au-Au, p-p, d-Au, spin) bt
: Identify issues with same ) -
2) It is not conducive to efficient usage of machine in “steady-state” _ _ '
3) If restricted to 27 weeks/year, a transition to one-mode running will “:C_M i =

" July 2000 August 2000 Sept.

Q) Create short-term dislocations

b)  Result in greater efficiencies for any luminosity-limited program-|_:===m"" —¢— —
e STAR | ¥
o o _a i' E; otato 7\

4) Alternate solution (as per original 37 weeks/year): i el
§ o Beam O S

Sy g & 5 . £ oo | 0L Physiés MG ML

a) Significant increase in running time per year S st f1ees"" "~ "BAC

& ®\9 (96’ ,;b (& 96 @‘9 é’ 6’ @\@ & 4‘9& 0}@&6’ (‘l"@

b)  Major effort to decrease present long setup times
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PH ENIX Upgrades inPHENIX

o Driven by (new) phys cs opport unti es
« Conditi oned by aval ad eresources
e Permtted bynewtechnd og es

e Endorsed by Detecor Advsory Coundadl:

0 “enphas s wil shift tovard studes wthi nproved
sendtivityfor rare phenonena..”

[11) Measurement of i dertified hadron yid dsinthe p;range 310
GeV c and hadron yid ds beyond 10 GeV ¢

[12) Charm... as avad uade probe & QCD dynamcs d hot neatter

[13) Low nass e+e- pars... (as) aun quely sengtive probe of the
structure d dense and ha QCD matt er



Pmlx New Physics to be Addressed wth an -

7\ Upgraded PHEN X Det ect or

« Low mass dlepton pairs
o Chrd symmetry restarati on and nodfication d p,w,@
o Ther md d-lepons
o D-lepgons fromchar mpars
| nproved neasurenents d heavy flavor (¢ b) producti on
0 Beauy measurenent in Au+Au cdligons
o Energyloss o char mbeautyinha netter
o AG neasurenent by heavy quark productionin wide x range
0 @ uon shadow ngin wde x range
e Jd dudes and yjd corrd aions
« Hagh p;idertified partides
0 meson baryonratioinpg>5 GV
0 Quarkreconb nation o jet fragment aion?
e Trdyrare processes
0 Ind usve patide spectra and drect photons ou to h gh py
D dl- Yan continuum abovethe JW
Uosil on spectroscopy - Y(19), Y(29, Y(39
W pr oducti on

] [ N

Measurenents compl ement and enhance the present physi ¢cs program
 fulyexp at exsting rare event capahilities of PHENI X
* PHENIXcentrd and nuon spectrometer ae essenti d
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=N X Det ect or

PHENIX Detector

), -PC3 Cenal 1 "N
¢ pey At

N
PH- <ENIX

High Pr

West Beam View East
— = -« Char m Beauy nmeasurement
\\\\—fm;:}%/ o Slicon Vertex Tr acker
‘ o« Low nmss d-lepons

o TPQ HBD
« Hghp;andjets
o TPQ Slicon Vertex Tracker
« Hghp; nuons (W Uoslon)
0 Enhanced muon LVL1 trigger

L siucon veRTEX
DETECTOR




Y Physi cs driving 4
PH ENIXExtended Partide | dentifi cati on

ot Kto ~2GeVic

o
&)
TTTTTT

« Fomthe DAC d _ | ol(p;+ El)flz | IYi;Id‘;’"WL’I;NE“l:IF’*;_f
a T |\/EaSLIeITEnt d Idel‘tlfl &j : °©m Yield®** / <NZ; ">
hadron yid dsinthe pT range { \
310 GeV c and hadron yid ds o aeittid ek §
beyond 10 GeV/ ¢’ VAR 5
0 Why?: N T I I S SO
BB fferent flavor yi ddsin Av Au | rar————"
cdlisonsindcae p. (GeV/c)
0 Modified fragment ai on o,
functi ons? S 3f
0 Recoml naion o quarksfrom a < 25 ++++ L os
pdasna gae? < 2 ++++++# '
. Present capahlities; b ! WM\ """""""

op(meK) to~4.5GeVIc : o
« God: Extendm K p
separaionto~10 GeV/c £

= 0 1 2 3 4 5 6 7 8 9
p; (GeV/ic)
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PH-<ENIX Extended A D wth Aer oge

49

H on-Kaon Kaon-HRaaon
separ ai on separaélon
TOF 0~100 ps 0- 25 0-5
0 4 2 0 4 8
o—lo | | | || &——lo 1]
R CH n=1 00044 o 17 0 . 17-
0 4 8
vi~34 L R —
Aer ogd e, 1-5 0 ,5-9
Vi~8.5 | @l L1 | glle]
Y. Miake

Aerogel together with TOF can extend the PID capability up to 10 GeVic
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PH- <ENIX Aerogel Sat us

Prototype test at PHENIX

g Y 5 .
* - Practype beamtest at KERE"

30

—516

B
- E

10

- . e y = - e AN
i iy = — . !
_ - ! £ 0 — -
: — |‘|{ 4 J 3 |
M - - i [t - " A A1 ¥
= . ; 3 A% \ R
U = —— ] | h &
T : iyl y o . h -~
" o - = | S yho
v o L it - 3 =t L
= + e - 5 . - 1
=] LT . W X - -z 0\
2 R . ' B % B
L B t
- . p B,
=3k L = i 2 -
+ ~ VD ' 4
‘ g d 1 . 2 : :
2 - : | ' , i, :
4 o R L ¢ \ . TR
L I ¥ ™l rilw'w L — » '/."

Aeroge Noe

1 12 13 14 15 16 17
TOF [ns]

Praaype
Instdled

In West A m
of

PHEN X

e R&D ~compete
0 3test beamperiods & KEK

0 honobgenous ~ 15 pe over
12x12x12 cn? H ock

« Partiapati ngingituions

0 BNL, Dubna Tokyo, Tsukuba
« Schedd e

0 Run-3 Praaypetest

0 Run-4 Partid instdl aion

0 Run-5 Fdlinstdldion



Y Physi cs Dxiving (Open) Char ms
PH-“ENIX  and Beauty Detection

« Homthe DAC
o “Charm...
as a val ual e probe of QCD dynamcs d hat
matt er”
o Why?
[1 Heavy lons

0 Do heavy quarks
|ose energy in quark netter?

charm 0 char mcan be producedthermally — charm
enhancement

o criticd baselinefa Jy and Y production &
dl ept on conti nuum

beauty 0 Spin
0 QG uon pdarizaionin wde x range

« Present capahlities
0 Maindus ve dectrons
0 can na ddgingush char m
and beauyfa p;>4 GVc

« God: separate charm and beauty
by vertex tagg ng



Drect Qoservation d Opens

N\
PH ENIX  charm and Beauty

Detection of decay vertex X
will allow a clean identifications of \
charm and bottom decays —
D““
m cT “
GeV  um '8
B
D’ 1865 125 D: = J/
D* 1869 317 .-' B™~. L|J
B 5279 464 / \\
B 5279 496
«< >
Central arm
Detection options: % barrel

* Beauty and low p, charm through displaced e and/or [
e Beauty via displaced J/
* High p, charm through D - K

Need secondary vertex resolution < 50 pm

Beauty and high p,; charm will require high luminosity




Y Char miBeauty me
PH-~ENIX Au+Au Wit

« Charm Measurenent by
barrd +cenrd arm

-1
1/Ngye AN /M [GeVT]

L | R
0.5 1 15 2 25 3
M, (3T) [GeVic]

« AUT+AU

0 Robust char mibeauy
measurement 1N Au+Au

O E_neralloss d charm a
h gh
0 Energy |l oss d beauty

Z vertex (Cm)

eauty —)e by

barrd +c

enrd\m

E o
ﬂq_.




Y Y oposed Slicon Vertex Tracker
PH-“ENIX (SVT)

Strawman design under investigation -~ 4 2y <24

1 [ A - —
I[I < I.‘ | CENTRAL MAGNET —
| \ OUTER COL T [ -
| == Al |
‘l Y POLE PIECE N /
| \'\.\ h N /
F4=10cm y CENIRAL MAGNET RV
R3=Bcm \\. VR GO ;7\
R 2=Bcm S T 10 \ on \
a— \ chm
Ed [
Be beampipe r=2cm a \$
J 20cm L
T L W N —— T
— m— Neea -
]l = vy N
pixels !
strips /
N SILICON \_thl EX
pixels 7
T | | |
0 10 20 a0 o |

Hoxe barres (50 pum x 425 un
(80 um x 3 cm)
Hxe disks (50 pm x 2mm)

~1 0%X, per layer
barrd resd ution <50 um
forward resd uti on < 150 pm
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PH- ?ENlXSQn Physics with SVT Upgrade

« Measurement & Guon pdarizaion by Heavy
flavar producti on

0c b—>e pu+ dsdaced vertex
0 B> dsdaced Jy
0 Do Kmat hgh g

« SVI measurenment d dsdaced vertex
0 | nproved S B = h gher sensitivity to A X)
0 Much broader x-range cover age

XAG(X) a Paseline XAG(x) o baseline
1.2 T upgrade barrel 1.2 T upgrade endcap

I

\‘a

L L6895\ AG(x.4 GeV?), NLO - L HGS95  AG(x.4 GeV?), NLO -
o L (A — __ as | A \
0.6 0.6
0.4 0.4
0.2 0.2 [Boe
0} 0 =

_0.2- 1 1 IIIIIII 1 1 IIIIIII 1 L L LLLll _02




e Measurement of gluon 56
PH “ENIX shadow ng with SVT

« Heavy-flavor nmeasurement in p+A
o dndelepgonand JW wth dsd aced vertex

« Heavy-flavor productionvia g+g - o+
« Extracting d uon gructu efunction nud @, shadow ng

0 vertex detector prov des broader rangeinxiro pred ded
shadow ng reg on (x ~ 102 - 10°3)

baseline

upgrade barrel

cc—>e(d|splaced)x gc—DX
bb—}-e:‘p,+d|s_plhced —RboeuX
e s P L BouJlwX
“'2' :_ JIlP_)MM * ﬂlz B L1 IIIIIII | L IIIII| \%II” |
-4I 1 IIIIIII --}I Ll IIIII| -ZI L1 111l -ll lﬂ _4 1“ _3 10 _2 10 _1
10 10 10 10 x

X
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PH - ENIX Slicon Vertex Tracker R&D

strip sensor design Z.li, BNL

H

LI
|‘|
\
U

|

i
I
I
I

i
|

i
)

i

|
I

i
|
|

il
|

L\
« Ongang R&D
o Slicon strip sensor devd op ment
0 Hybrid pixds (wth ALl CE and NA60)

0 des gn of support sructure

NA60 hybrid pixel tests (RIKEN,SB)
Salev o Qriticd cortri buti ons supported by R&D proposd
o dlicon stripreadout &irtegraionino PHEN X
0 hybrid gxd integraion th nnng & bunp bond ng
0 devd opment d mondithic adive pxd sensors
0 des gn of support sructureind uding coding ec
. Partiapatinginstituions
o BNL ISU Kyao U, LANL, ORNL, RKEN Sony B ook U
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PH

Source test at RIKEN

e scinti. 5*5%0.5cm
3setup Ef:
L o L ¥ ~
\ 3cm
g v 3cm
P / -~

r 4
@ source

58

~ _ENIX Slicon Vertex Tracker R&D

Beam test at KEK by RIKEN/Kyoto

- Location at KEK-PS T1 beam line

- Various particles(0.5-2.0GeV/c)

- We put 7 silicon sensors and 3
scintillators for trigger counters

- CAMAC and VME hybrid

| source test (1400 u m) | TR~ BT plastic scinti.(1*5*1 cm)
‘“‘ pedestaly e plastic scinti.(5*5*0.5 cm)
; @ suw e enable rotate
1 b =106 & 1N
g3 =21 19w *
ﬂ. 1 MIP/channel R T e W Wy
1 }
1 I ” ._
a0 0 12 0 10 60 ﬁﬂ‘“% (:ha:‘%er |.|
B source test (Si 250um) |
Gl 1 ¥~ pedestal
m’é— ol {
I |l A = MR =S o
Ey
“r 7.5cm 8.5¢cm
4 # distance of other sensors is 3cm
1F
I | YT

1; 1; 1. ﬂll EID m#@‘gaﬂi’l‘ -

F 240F &
40 amE
£ 20F 149
120 18aE 128
E 180E
100
- 140k 100]
LU 120E [T
aof 10E =
s : E
: BOE so0f- o
L Ll ant 1
£ aE 19 E
20:- b = |
: selibiatint Mttt A PRI E 1
s 22 -0 L T3 0. 0504 03 02 - i it A

TETRITTR W o STU P TTRTRTRI N N P PP RTRTR IR
si 04 -03 02 01 2 ID_‘ U.T 23 04 0§
residual x (mm)

0 =49

1 0 01 02 03 04 05 3 L2 41 0 a 0?2 o3 IAIA 0.5 o1 -11 llf! L33 -JL! DIJ 0g
residual x (mm) residual x (mm) residual x (mm)

O =52 0 =35 0 =45

O =35
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PH--ENIX SVT S at us

« PHEN Xlintend Letter d Intent repared,
present edtocdl abor ati on

o Active R&D effart::

0 Ongoing barrd R&D wth ALl CE&NAG60 on pxd
detectas

0 Ongoing barrd R&D R KEN BNL/ ORNL stri p+SVX4
0 Technd ogy research fa endcap strips a m n strips
( LANL+FNAL(?))

e Presentationdf proposd for barrd to PACIn
Septe nber i nd ud ng endcap opti on

e Proposd fa barrd to DOE a ~sameti ne

« Wthinnext weeks pesent drats d management
danto DOE indud ng WBS structure g
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PH--ENIX Low Mass e+e Pars

Prime goal of future PHENIX program
- Fromthe DAC (as anticipated in 1993 CDR)

0“Lowmass ete- pars...
(as) a un qudy sensitive

probe o the Sructure o Predciona RHIC

dense and ha QCD matter'srong enhance ment g gnificant
0 Why? of lowmass pars contri buti on
O Orectly sensitiveto fromopen char m
I Ine med um nodficaion o ntral Au+Au s =200AGeV

meson masses, wd hs
0 Chird sy mmetry rest arati on

« Present capallities:

oVerylimted (dueto
unrgected Dditz and
conver s on backgrounds)

« Goa: penth s channd |
fa exdoaiona RHC

-~/ Thermal (eq) _
Thermal (off) 3

(d’N/AMdy)/<N_ > [GeV ']
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\/
PH  ENIX7he Experi nental challenge at RH C
« Huge coma naorid par background v @

c

due to copiousy produced photon - Ve
converson and DHitz decays: _ \ /
dN/dy : . ; % “combinatorial pairs”
T=> 0. 2 B
e* from charm 0.68 0.54 = a0t &
10 + 4=
e’ fromm’~e’ey 8.4 1.1 ..E- +++|-++ +i_++_|__|_+
e’ fromy—e’e” 18 2.25 £ [ ++++
(1.5 X/Xy) E 1[I-= - S/B ~ 1/500 +++.|._|__|_total background
- Needrgection factor >>90% =z ¢ e
o yoete-andm® - yete il T
y y ; I Hmﬁ Irreducible chirm backgrounc
- all signa i 3 +4
: + o ., l 5% * e '
S Bimpr oved by >> 20 0 : e,
(irreduci b e background far mchar m§ B ~ 1/§F  charmsignal Lk PR
"...I...I...I...I...I...I.....j%ﬁgﬁi
- : . 10 0 02 04 06 08 1 12 14 16 18 2
« tod torg ection background pairs Mee Invariant mass [GeV]

o par wthsmall opening and € a mass

Need Dalitz and Conversion rejection
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pHMEN|xDalitz Rg ect or and I nner Trac;ken3

7N

AQ 2T, |n|< 1.0 o Bth[t)z rg ection Maopen ng angein

0 HBDisa proxmty focused Cher enkov
detector wth ~ 50 cmrad ata length

0 Provides mmnmal sgndsfa charged
partid es

partner positron

ctron “Hadron Bind Detecto”

o Innertracker wthfast, compact TPC
. s hd ps Dalitzrg edion Mainv. Mass
‘ 0 R<70cm L<80cm Ty <4psec
'S g providestracking through the certrd
magneticfidd
op'p ~2%p

0 Provides decronl| Dby dE dx
e/ Ttsepar aion bd ow200 MeV

TPC readout plane
GEMs are used for both TPC and HBD



N 63
PH- < E N| )X Additional benefit: High p; with TPC

7\

PHENIX presently has no tracking , Tracking in the TPC in the magnetic
inside magnetic field field will eliminate background
Momentum resolution| .,

A
—
. \: by TPC alon\? ¥

conversions \\ o]
/.’

10?2

o(1/PIXP, %

Decay and conversion background limits the o e
high pt charged particle measurements

P; distribution of charged tracks =

- DC only = /
: - PC1-PC3 matching |
“~._  -Random background

— 10
— P, Gev/c

P

A,/
e
-;\

i TPC alone can provides a good
L LN R s D e
o 2 4 8 8 0 w2, Ne solid angle - Jets measurement
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PHH\VAENIX Enhanced Physics wth a
ZN\ H gh Precisi on Vertex and Tracki ng Det ector
o Separation of charm and batitom decays throughindus ve d ectrons
(Centrd Am

0 ti rrprlgg/e nmeasurenment accuracy d ¢ and b o oss secti ons
0o~ 0

0 | separate ¢ and bineach p; i n =>flavar dependence of QCD ener gy
0SS

o Dred neasurenent d D nesons
0 conbned wth patidel Q can neaswe D-> Kitmodes
0 [0 prspectrum of Ds, flavor dependence of QCD ener gy | oss

e (en heavy flavar (Muon Ar ns)
D> pX B->J-> e

e |Inproved nonmentumresd uionfa Udslon spectroscopy

« Enhanced capallitiesfa sgn phys cs
W der acceptance (gjet & e-e sud es, transversty), b-tagg ng

« Enhanced phys cs capal lities for char mand batomin pA
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PH ENIX HBD TPCR&D at BNL

TPC drift cell (BN L) GEM prototype assembly (BNL) H gh resd uion position
" ' : measurenents by 2 ¢ zag

\‘_.,}‘i..‘

-26000 3500 40Q0 4500, 5000 5500 6000 6500 / 7000

Reconstructed Position [um]

HBD/TPC R&D
Participating institutions GEM read-out
BNL, Columbia, Stony Brook U., Tokyo U.,

Weizmann Institute 100pm beam width, alignment errors

Overall position error: 93um rms
Including ~ 100pm fwhm x-ray p.e. range,
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PH _ EN|XHBD/TPC R&D a Wi zmann nstitute

ZN\
oy
2 CF4 radiator{§-) CEI hode
HBD test setup and GEM+Csl layout (WIS) - S .
‘—;'u e 60 0 o U{% o o o o o INes Coa ed On EM
: _BOI | ,;\\ een o CF,for
¥ B as ;@ = Cer enkov
] E / ‘ E_transfer
e N YY 32? actior and
V4 ) o ecor gas
@) - - = (b W wndow
' Mo Large N,
e LageGainbytige GCEMwth Cd
In CF, gas has been observed
% 104 E T T T r T T T T T T T T -_g
% 103-5 L] Gain curve measured with UV lamp ?:
i - :
1025- -
10 E .o 3

1 1 1 1 1 1
200 250 300 350 400 450 500
AV e (V)
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PH-“ENIX HBD TPC S at us
e Genericdetector R&D conmd eed successfuly

« FUl scde ppaaype devd opment sartslaer
thsyear
« Feas hlity of HBD wthou TPCto be studied

Wthinnext 6 nonths
(as per DAC r eco mme ndati on)

« Decison on p’OpOSd to fd| oyy Ppartner positron

needed for.rejection
Csl readout plang_‘,...jp-ﬂ .- or ej-\._\__

\,?\\//_ N | b

/A nailgelectron

> 3em
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Physics Driv
PH- -ENIX! an Enhanced I%illrs Leve IIPlguuon’n Trigger

« Homthe DAC Simulation: Muon tracking & Cherenkov
0 “ Good vertex idertifi cati on and a nuon tri gger
wll dso dlowfa aggnficantlyi nproved Ny
measurement of the gluon struct wre o the i
nud eon and of nud @ by neans d heavy
quark par producti o’
o Why? "
[0 W productioninpp ( @500 GeV)
[J s nde nuon (db) - d uon shadow ng
[J Upsil on spectroscopy i n AA

o Taw decay muons

g with mulD lvll

2 4 6 8 10

God s pl GeV
0 LVL1trigger far igh py muons wthmuch h gher
rg ecti on power
[0 Present nmulDLocd Levd 1rgection ~500
[0 10,000rgectionrequired a 2 x 1032 cm?s?
......................................... [0 ~15 000 from nul D x Cer enkov

S aus

Muon fro

N
y Station 1 7 $120K UUG NSF, $80K U UC R&Dfunds
Calorimeter _
nodes 0 NSF MR to be submtted Jan- 04
Hodoscop

Parti a pati ng i nstit Ui ons;
0 Ecde Pdytechn que lowa Stae U, Kyao U,
Cerenkov RBRC RKEN UCR UUG UNM
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PH ENIXTi me Line for PHEN X Upgrades

FYO03
Year

Aerogel {=———=>pp
R&D 20

TPC
Silicon barrel

forward silicon
DAQ/Trigger

Upgrade Highp;PID =~ ~
Low mass e*e" pair

Physics Heavy flavor
Enhanced AG/G
Program p-nucleus program
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PH - ENIX Upgrades Summar

O ext ended phys cs program beyond present PHEN X capalliti es
o Physics observal es

o Extended RDa Hgh p;

o Heavy flavor

o Low masslepon pars

o Hgh pymuons (W Upsilon)
« Requred detect or addtions:

o Aerogd Cerenkov

o Slicon Vertex Tracker

o HBD TPC

o Enhanced nuon LVL1 trigger

« Active R&D programby i nstituti ond cortri buti ons
0 Aerogd (BNL Dubna Tokyo, Tsukuba)
o SVT (BNLI SU Kyat g LANL, ORNL, RKEN Sony B ook)
0 HBDO TPC (BNL Cd unhi a, Sony B ook, Tokyo, WS
o Muon trigger (Ecd e Pd ytechrique, ISU, Kyao, RBRG RKEN UCR UUG UNM

L] DoE support fa upgrade R&Dis aiticd fa timel y deve opment of
ths exating program
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PH - ENIX Outline(and Summar

. Cdlaboraion S aus Hedl thy
« EXperiment Saus Comp ete
« Physics Satus Excdlert
ORun-1 Det a and yzed, pulished
ORun-2 Det a be ng and yzed, puldished
O Run-3 Hra dat a and yzed, puldished
. Future Prospects QEEncous

O PhySI CS Qriticdly dependernt onirntegatedlum nosty, i ncreased runn ngtime
oUpgr ades aiticdly dependert on R&D and fuur e fund ng
« Cond usions (See next dide)
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PH ENIX The Read Summary

e Thegod d RH Cisnotisda ed dscovery o
QGP o anythngdse The god d RH Cis
exgoraion of the cond ex and ub qutous
environment in whichwe isd aed creaures live’

0J. Marbur ger

e ‘Ilsverydea anewfundanentd phenomenon
has been d scovered here...Ilook forwardto a
fuure occason when we'll hear about such
thngs as J W suppresson or drect pha ons.”

0 Peter Rosen

 “Congrad aions, well done, keep up the good
wor k. Ther € s much still to be done.”

0 Dennis Kovar
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