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Requested input:

0 Desired “beam run segments”

2 Physics from same

a Investigate “27” and “37” week scenarios
0 Collaboration/experiment status

e A note on nomenclature:
0 “Run-1” = Summer-2000 Au+Au run at 130 GeV
0 “Run-2” =2001/2002 Au+Au/p+p at 200 GeV
0 “Run-3” = 2003 run d+Au/p+p at 200 GeV
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PH-_ENIX Run-1 Configuration

e Two central arms

O Mechanically
~complete

0 Roughly half of aperture
instrumented

o Global detectors
0 Zero-degree Calorimeters (ZDCs)
0 Beam-Beam Counters (BBCs)

O Multiplicity and Vertex Detector
(MVD, engineering run)

PHENIX Detector - First Year Physics Run

7 Installed
B Active
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“Centrality dependence of charged particle multiplicity in Au-Au collisions at \/sNN =130 GeV”, PRL 86 (2001) 3500

“Measurement of the midrapidity transverse energy distribution from \/sNN =130 GeV Au-Au collisions at RHIC”,
PRL 87 (2001) 052301

“Suppression of hadrons with large transverse momentum in central Au-Au collisions at \/sNN =130 GeV”,
PRL 88, 022301 (2002).

“Centrality dependence of n*"", K*"-, p and pbar production at RHIC,” PRL 88, 242301 (2002).

“Transverse mass dependence of the two-pion correlation for Au+Au collisions at Vs, = 130 GeV”,
PRL 88, 192302 (2002)

“Measurement of single electrons and implications for charm production in Au+Au collisions at \/sNN =130 GeV”,
PRL 88, 192303 (2002?

"Net Charge Fluctuations in Au+Au Interactions at \/sNN =130 GeV," PRL. 89, 082301 (2002)

"Event-by event fluctuations in Mean p_T and mean e_T in sqrt(s_NN) = 130GeV Au+Au Collisions"
Phys. Rev. C66, 024901 (2002)

"Flow Measurements via Two-particle Azimuthal Correlations in Au + Au Collisions at Vs, = 130 GeV" ,
PRL 89, 212301 (2002)

"Measurement of the lambda and lambda”bar particles in Au+Au Collisions at \/sNN =130 GeV",
PRL 89, 092302 (2002)

"Centrality Dependence of the High pT Charged Hadron Suppression in Au+Au collisions at \/sNN =130 GeV",
Phys. Lett. B561, 82 (2003)

"Single Identified Hadron Spectra from \/sNN =130 GeV Au+Au Collisions"”, to appear in Physical Review C,
nucl-ex/0307010
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"Single Identified Hadron

29-Sep-03

Our latest Run-1

Publication

Spectra from

Vsyn = 130 GeV
Au+Au Collisions",
to appear in
Physical Review C
nucl-ex/0307010

An “archival”
publication detailing
our entire analysis
methodology for
identified particles

O 37 pages

O 3 appendices

O 28 figures

O 16 tables
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FI1G. 18 The parameterization and the pr hadron spectra for all five cemtrality =lsctions.

namics caleulabion, followed by a hadronic cascade afber
chemical freeze-cut. The cascade step utilizes the Rela-
tivistic Quantum Molecular Dynamics (RQMD ) model,
developed for lower energy heavy ion collisions [59].

equilibrinm time, and the freeze-cut temperature which
controls the durakion of the expansion. The chemical
freezecut temperabure is the temperabure ab which par-
ticle production cesses. The initial entropy or energy


http://xxx.lanl.gov/nucl-ex/0307010

From Run-1 to Run-2

N
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Run-1 (2000) Run-2 (2001-2)

PHENIX Detector - First Year Physics Run PHENIX Detector - Second Year Physics Run
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"Suppressed 1° Production at Large Transverse Momentum in Central Au+Au
Collisions at Vs, =200 GeV" , PRL 91, 072301 (2003)

"Scaling Properties of Proton and Anti-proton Production in Vsy, = 200 GeV Au+Au
Collisions®, accepted for publication in PRL 21 August 2003, nucl-ex/0305036

"J/Psi Production in Au-Au Collisions at Vs, =200 GeV at the Relativistic Heavy lon
Collider"”, accepted for publication in Phys. Rev. C on 6 September 2003,
nucl-ex/0305030

"Elliptic Flow of Identified Hadrons in Au+Au Collisions at Vs, = 200 GeV" , accepted
for publication in PRL 9 September 2003, nucl-ex/0305013

"Midrapidity Neutral Pion Production in Proton-Proton Collisions at Vs = 200 GeV¥,
accepted for publication in PRL on 19 September 2003, hep-ex/0304038

"Identified Charged Particle Spectra and Yields in Au-Au Collisions at sy, = 200 GeV" ,
accepted for publication in Physical Review C on 23 Sep 2003, nucl-exlO§6l7022

"J/psi production from proton-proton collisions at Vs = 200 GeV*, submitted to PRL
July 8 2003, hep-ex/0307019

"High-pt Charged Hadron Suppression in Au+Au Collisions at Vsyy = 200 Gev”,
submitted to Physical Review C on 11 August 2003, nucl-ex/0308006
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http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000091000007072301000001&idtype=cvips&gifs=yes
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"Midrapidity Neutral Pion
Production in Proton-Proton
Collisions at Vs = 200 GeV*,
accepted for publication

in PRL on 19 September 2003,
hep-ex/0304038

Important confirmation of of
theoretical foundations for spin
program

0 Results consistent with pQCD
calculation

O Favors a larger gluon-to-pion FF
(KKP)
Run3 results reproduce Run2
results

O Confirm the Run-3 data reliability
and consistency

O Run3 data reaches even higher
P’S;
results will be finalized soon

E*d’c/dp® (mb-GeV2c?

Aclc (%)

(Data-QCD)/QCD

Our First p+p Publication
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PH-“ENIX One archival Run-2 Publication
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"ldentified Charged A S
Particle Spectra and 0
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&)
on 23 Sep 2003, S
nucl-ex/0307022 g
£
e An “archival” ;E;mﬁ o _— t
publication extending S g° fp, O e (40- 307 mid-centra)
our identified particles e \\
analysis methodology to % i,
10_3 %ﬂ‘oo%oao
Run'2 1lll_el ﬁé‘aﬂﬂ *#*t #0540
37 10 A, S
. pages 10 F positive i3 Negative i
0 24 figures 10 (60-92% peripheral) (60 -925% peripheral) | T
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Q 29 tables m; - m, [GeV/c’] m; - m, [GeVic]

FIG. @ Trarsverse mass distributions for =+ s Ki, protons and amti-protons for central 0-5% (top pansls), mid-central 40-50%
(rniddle panels) and peripheral G0-03% l:bcd:tcnm panels) in Aud-Au collisions at \F = 200 GeV. The lines on each spectra
are the ftted resultz using mr exponential funckion. The ft ranges are 0.2 — 1.0 GeV/c” for pions and 0.1 — 1.0 GeV/e® for
kaons, protons, and anti-protons in mr — mo. The error bars are statistical errorms only.

29-Sep-03



Run-3 and Beyond
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PHENIX Detector - Second Year Physics Run PHENIX Detector

PC3 Central
Ma

ZDC South ZDC North
m

Side View South Side View
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Run-3: Design Configuration!

Central Arm Tracking
Drift Chamber
Pad Chambers
Time Expansion Chamber
Muon Arm Tracking
Muon Tracker: North Muon Tracker
Calorimetry
PbGl
PbSc
Particle Id
Muon Identifier: North Muon Identifier
RICH
TOF
TEC
Global Detectors
BBC
Z/DC/SMD Local Polarimeter
Forward Hadron Calorimeters
NTC
MVD

Online Calibration and Production

29-Sep-03
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o "Absence of
Suppression in
Particle Production at
Large Transverse
Momentum in
Vsyy = 200 GeV d+Au
Collisions”,

PRL 91, 072303 (2003)

e PID-ed particles (n?’s)
out to the highest p;’s
PHENIX’s unique
contribution to the
June “press event”

29-Sep-03
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http://ojps.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000091000007072303000001&idtype=cvips&gifs=yes
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Publication Summary

e Run-1
0 12 publications
Q First 5 are “TopCites”
a One “archival” summary

¢ Run-2

0 8 submissions to date
QO 6 accepted/published

~

Citations

k

750

700

650 -

600 -

550 -

500 -

450 <

400

Cumulative PHENIX Citations

Jan-03

Mar-03 May-03 Jul-03 Sep-03

Nov-03

O Several more still in progress

a One “archival” summary

¢ Run-3

0 One publication
0 Many to follow

29-Sep-03
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N
e Centrality selected

0 Charged hadrons

0 ldentified charged hadrons

a n%s
e Opposite centrality evolution of Au+Au compared to

Forthcoming Run-3 Results

d+Au control.

Au + Au d + Au Control
é 2 T ‘ T ‘ T ‘ T | T | T | T 2 27 T | T | T | T | T T ‘ T
o g Au+Au 200GeV s af- E B
16 W h*+h 0-10% IN+N () 70 0-10% IN+N 160 ﬂ_l. _
- **+++++
14 — 14— _.I-l-l-.- -
1.2 | — 1.2 E —
1F 1
- | : -'
0.8 - 0.8— A 7
- L ':.. _
0.6 4 o6 ° C .
i - 1 ¢ PHENIX Preliminary 1
M D0 ey A" genu200Gev h*+h 0-20% NN
- — - d+Au e = h*+h™ 0-20%/ N+
0.2F = Dﬂ'g‘f!ﬁ'gﬂ?fﬁ 0.25 =
P S S S I NN NI BAVIN B P S I I N S S B
o 1 2 3 4 5 6 1 8 o 1 2 3 4 5 & 1 8
29-Sep-03 Final Data p; [GeVic] Preliminary Data p;[GeVic]
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o d+AuU

° ptp
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Run-3 J/¥’s
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LY =n Run-3 Spin Results
\/
PH--ENIX &
o Rotators at IP8 commissioned via local polarimeters
O Forward neutron transverse asymmetry (AN) measurements

0 SMD (position) + ZDC (energy) .
| | | F
0 dIStI‘IbUtIO(p: . |

Vertical 2> ¢ ~ =n/2
Radial 2 ¢~0 SMD
Longitudinal = no asymmetry

e Then longitudinally polarized e
protons used to obtain first glimpse of A | (n°)

29-Sep-03
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Essential to success of Run-3 spin physics!
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ZEN First Results on A |
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e Presented this month at Dubna spin conference
e Extensive (ongoing)

study of systematics Calculations: B.Jiger ef al., PRD67, 054005 (2003)
0 Bunch shuffling, y
background studies, < [ A, from pp at \s=200 GeV
A, checks, ... 0.1 PHENIX Preliminary
0 Relative luminosity : GRSV-max
precision ~ 2.5 x 10+ o5
®» Contribution to 0:
ALL <0.2% i
= Dominated by statistical 0,05

errors from 0.22 pb-!' sample

. 0.1
° Avery lmportant " Polarization scaling error
proof-of-principle 015 ~80%is notincluded
for spin program! o 1 2 3 4 5 6

p; (GeV/c)

29-Sep-03
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Aerogel Array
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(SR S/

pmts | Aerogel Cell
(11x22x11 cm?)

Light Mixer

\

, Aerogel in here
Aluminum Box
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PHENIX Detector

High Py

West Beam View East

*The Aerogel detector is a
threshold Cerenkov counter
*Aerogel is a very low density,
SiO, — based solid

Aerogel has index of refr.
between gases & liquids.
‘ldent. charged particles in a
range inaccessible with other
technologies.
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>H._ENIX__Extended PID with Aerogel

Pion-Kaon Kaon-Proton
separation separation
TOF 5~100 ps 0-25 0-5
0 4 ] 4 8
—1le | | | || é=—cblol | ]
RICH n=1.00044 5-17 17 -
0 4 8 4 8
Yen~34 I R P — I I
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Physms Motivations

1.5
1

0.5

e (p+p)/2 Yleld(‘”"%)f-:N""w .
o x° Yield®#2%) / <NESZ 5 ]

Run-4 request
should extend

1 o Strong motivation given
0 Jet Quenching!?

0 Predictions of quark
recombination models (and
their provocative conclusions)

proton/pion

anti-proton/pion

erlpheraﬂ

‘e‘o" hu+Au 60- 92”/7P "ua,
% p+p, s =53 GeV, ISR '.‘_'
- e'¢, gluon jets, DELPHI =]

e*e’, quark jets, DELPI-lI.

results for PID-ed
K’s and p’s into
the 5-7 GeV/c
range

29-Sep-03 p; (GeV/c)



N PHENIX: Run Histo
PH-“ENIX Y

Run| Year Species s'2[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 ub! 170M 1.0 pb-! 10 TB
P-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 0.35 pb! 6.6G 0.35 pb! 35TB

PHENIX Detector - First Year Physics Run PHENIX Detector - Second Year Physics Run

= Installed
- N

PHENIX Detector

Run-l

]

29-Sep-03
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Run Request Summary

Au+Au at 200 GeV,
with goal of developing highest
possible integrated luminosity

An aggressive program of
luminosity and polarization
development for p+p,

with the goal of the earliest
practicable measurement of AG
Light-ion running,

to investigate dependence on
system size

A reduced energy run,
again with emphasis on
obtaining highest possible
integrated luminosity

High integrated luminosities
achieved via minimal variations
in species and energies,

as per CAD guidance

Table 2;: The PHENIX Beam Use Proposal for 27 cryo weels per year

RUN | SPECIES | /svn PHYSICS [ Cdt ptp

(GeV) WEEKS (delivered) | Equivalent

4 AutAu 200 14 316 b ! 123 pbt
pp 200 (5 development) =

5 Si+51 200 9 55 nb " 43 pbt

p+p 200 5 3.0 pb~t 3.0 pbt

6 AutAu 62.4 10 117 bt 43 pbt

7 ptp 200 190 158 pb~! 158 pb~"

8 AutAu 200 10 2157ub T 84 pb*

9 P+p 500 10 540 pb~T 540 pbt

10 d+Au 624 10 33nbT 13 pb~T

Table 2: The PHENIX Beam Use Proposal for 37 cryo weeks per vear

RUN | SPECIES | /5y |PHYSICS [ Cdt PP

(GeV) WEEKS | (delivered) | Equivalent

4 AutAu 200 10 521 ub-T 202 ph—"

p+p 200 5 12pbt | C12pbt

5 Si451 200 14 12 nb~" 9.6 ph™*

p+p 200 10 10 pbt 10 pb~t

6 AutAu 62.4 10 117 pbT iy
p+p 500 2 5.4 pb? ﬁﬁ}

7 P+p 200 10 158 pb~" 158 pb~"

PP G2.4 5 7T pbt 7T pbt

8 AutAu 200 20 3855ub-! 150 pb~T

9 P+p 500 20 066 pb " 066 pb~T

10 d+Au 62.4 20 5.0 nb* 2.3 pb"
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PH

ENIX

The Run Plan At A Glance

e An quantitative, integrated, planning exercise:

0 Quantitative:
¢ Direct implementation of CAD guidance

¢ Yield estimates (whenever possible) based on existing PHENIX

measurements and known scaling laws

2004 (Run-4) 2005 (Run-5) 2006 (Run-6) 2007 (Run-7) 2008 (Run-8) 2009 (Run-9) 2010 (Run-10)
14 weeks 9 weeks 19 weeks 0 weeks 19 weeks 0 weeks 19 weeks
AutAu 200 GeV 123 pbo! Si+Si 200 GeV 2.2 nb™! AutAu  62.4 GeV 45 pp”! Au+Au 200 GeV opb! Au+Au 200 GeV 841 pb™! Au+Au 200 GeV 0 ub”! d-Au 624 GeV 1.3 nb”
2 197 197 4.78 pb™ 28 28 1.69 pb” 197 197 1.76 pb” 197 197 0.00 pb™ 197 197 32.64 pb™! 197 197 0.00 pb™ 2 197 0.51 pb™
7 e 1641 JI¥'s 1574 JI¥'s 124 J¥'s [ 11213 J¥'s 0 JFs 102 J¥'s
pr(max) 17.8 GeVic 15.8 GeVic 10.4 GeVic 0.0 GeV/c 22.5 GeVic 0.0 GeVic 9.0 GeV/c
w 0 weeks 5 weeks 0 weeks 19 weeks 0 weeks 19 weeks 0 weeks
e p+p 200 GeV 0.0 pb”  30% p+p 200 GeV 12 pb"  50% p+p 200 GeV 0 pb"! 50% ptp 200 GeV 62 pb?!  60% ptp 500 GeV 0pb!  70% ptp 500 GeV 211 pb"  70% ptp 500 GeV 0pb?  70%
e JIrE 0 JrF's 1864 JI¥'s 0 JIE's 98572 JI¥'s 0 JrF's 943740 J¥'s 0 JF's
pr(max) 0.0 GeV/c 15.1 GeVic 0.0 GeV/c 24.3 GeVic 0.0 GeVic 39.1 GeVic 0.0 GeVic
k A (n°) pr(max) 0.0 GeV/c 6.2 GeVic 0.0 GeVic 11.0 GeV/c 0.0 GeVic 19.0 GeVic 0.0 GeVic
s 4.78 pb™! 7.64 pb™ 9.40 pb™! 71.01 pb™ 103.65 pb™! 314.41 pb™! 314.92 pb”
19 weeks 14 weeks 19 weeks 5 weeks 29 weeks 0 weeks 29 weeks
AutAu 200 GeV 203 po! Si+Si 200 GeV 4.7 nb” AutAu 624 GeV 45 pb! p-p 624 GeV 2.7 pb” AutAu 200 GeV 1503 pb! d-Au 624 GeV 0 nb? d-Au 624 GeV 2.3 nb”
3 197 197 7.88 pb” 28 28 3.72 pb™ 197 197 1.76 pb” 1 1 2.70 pb™ 197 197 58.34 pb™! 2 197 0.00 pb™ 2 197 0.91 pb”
7 e 2707 JI¥'s 3459 J¥'s 124 J¥'s 882 J¥'s 20043 JrP's 0 s 182 J¥'s
pr(max) 19.0 GeVic 17.3 GeVic 10.4 GeVic 11.0 GeV/c 24.1 GeVic 0.0 GeVic 9.6 GeV/c
w 5 weeks 10 weeks 2 weeks 22 weeks 0 weeks 29 weeks 0 weeks
e p+p 200 GeV 0.5 pb”  40% p+p 200 GeV 3.8 pb"'  50% p+p 500 GeV 21 pb' 50% ptp 200 GeV 76 pb”!  60% p*p 500 GeV 0pb!  70% ptp 500 GeV 377 pb"  70% ptp 500 GeV 0pb'  70%
e JIrE 746 JI¥'s 6025 JI¥F's 9391 JI¥'s 121857 JI¥'s 0 JrF's 1686843 J¥'s 0 JIF's
pr(max) 13.5 GeVic 17.3 GeVic 22.4 GeVic 24.9 GeVic 0.0 GeVic 41.9 GeVic 0.0 GeVic
k ALL(n°) pr(max) 5.0 GeV/c 7.2 GeVic 9.3 GeV/c 11.2 GeV/c 0.0 GeVic 20.4 GeVic 0.0 GeVic
s 8.34 pb” 15.83 pb™ 19.69 pb” 98.55 pb™! 156.90 pb™! 533.61 pb™! 534,52 pb”!

Qg

29-Sep-03

Integrated: Sequential set of measurements designed to deliver
comparable sensitivities in ~ all channels

Planning: Based on current knowledge of machine, detector,
physics and future developments



Y= Note on Methodology

P H-<ENIX
2\
CAD guidance, “linear growth model” implemented in
spreadsheet

e Physics yields for representative measurements calibrated
based on PHENIX measurements

e Extensive “phase space” of options explored in the planning
process

e Were led back to a position consistent with our previous
multi-year proposals to PAC

e Exploits the demonstrated capabilities of PHENIX to use the
full luminosity of RHIC to measure identified particles to the
highest possible transverse momenta

dimuon mass (+-)

Wicld

-
=

-
=

-

] 3 10
M i (GeVie)

[ dimuon mass (signal) |

i - e ~ 21T J/Y’s
:' 5-2.0 2.0-25 25-30 || 3035 || 3540 || 40-45 ::: 311+ .02 GeV
- _ | | N3 M 6 =143 + 14 MeVY
“Tls5-50 [| 5055 [| 5560 | 6065 | 6570 [| 7e-s0 1:_ WH'M A LA AN !
i L Tco,s -2005— I ! Loy !

L] 3 10
My’ | (GeVie)

g

01— N -,JLW-A_ _.JL-nm-("‘l- ',Jl My 'JL%M«-, b, i

3.0- 9.0 2.0-10.0 10.0-12.0 12.0-14.0 14.0-16.0 | I 6.0-18|0

Lo B B B B E B K & B

Lt Jl‘“‘““"-'ﬂ“m e IM*MM“M L I Mh L el
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PHQQ\/;.ENIX Compare to Conceptual Design Report (29-Jan-93)

AN

e Conclusions:

a ~All goals accomplished

¢ As permitted by available
integrated luminosity

¢ For Au-Au (d-Au) only
0 Much remains
¢ Truly rare probes in Au-Au
¢ Species scans
¢ Energy variation

29-Sep-03

3-18

CHAPTER 3. PHYSICS CAPABILITIES

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

Quantity to be Measured Category™ | Physics Objective
ete”, ptyu~
o p— ptpt[p = ww, dofdpy BCD Basic dynamics (T, 7, etc.,) for a hot gas,
w —ete” fu— 7w, dofdp, transverse flow, etc.
® d-meson’s width and my_ 4.- QGP Mass shift due to chiral transition (C.T.) [2]
/ & — ete” o — KK~ QGP Branching ratio change due to C.T. [3]
¢-meson yield (ete™) ES Strangeness production (gg — ss)
¢ Jb = ete ptp- QGP, QCD | Yield suppression and the distortion
P — pt of pr spectra due to Debye screening
T, = ptu~ in deconfinement transition (D.T.) [4]
o1l <mp(lH7) < 3 GeV ES, QGP | Thermal radiation of hot gas, and
(rate and shape) effects of QGP [5, 6, 7]
o mpr- > 3 GeV — p QCD A-dependence of Drell-Yan, and
QGP thermal pt - [5, 6, T, 8]
oo = wmete Yy QGP Mass shift, narrow width due to C.T. [2]

ey coincidence
e ep, e(pr > 1 GeV/c)

QCD, QGP

cc background, charm cross section [9)]

Photons

(rate and shape)

0 0.5 < pr <3 GeV/ey ES, QGP

Thermal radiation of hot gas, and
effect of QGP [6, 7]

J;DT >3 GeV/iey QCD A-dependence of QUCD ~
V‘Fn 1 spectroscopy BCD Basic dynamics of hot gas, strangeness in 5
N(r®)/N (;rr + 77) fluctuations QGP Isospin correlations and fluctuations [10, 11]
High pr 7% 5 from jet QGP Reduced dE/dr of quarks in QGP [12]
L red IIa,drons
‘Z pr spectra for 7%, K*_ p, p BCD Basic dynamics, flow, T, baryon density,
stopping power, etc.
QGP Possible second rise of < pr > [13]
%é — K+K- ES, QGP | Branching ratio, mass width [3, 14]
K/ ratios ES Strangeness production
V(;rr;rr 4+ KK HBT BCD Evolution of the collision, )
QGP Long hadronization tlmc( out 2 Faige) [15]
Antinuclei QGP High baryon susceptibility due to C.T.? [16]
/high pr hadrons from jet QGP Reduced dE /dzr of quarks in QGP [12]
Ylgbal
‘2 Nia (total multiplicity) BCD Centrality of the collision
J dN/[dn, d*N[dndé, dEr [dy BCD Local energy density, entropy
QGP Fluctuations, droplet sizes [17]

*  BCD = Basic collisions dynamics.
QGP = Effect of QP phase transition.

ES = Thermodynamics at early stages.
QUD = Study of basic QCD processes.




Y Perspective

PH-<ENIX

e The machine achievements in the flrst 3 vears of RHIC operations have been
Spectacular : ; I

0 3 different colliding specie
0 3.5 energies for Au-Au (19, 56, 130, 200) GeV
0 First ever polarized hadron collider
0 Design luminosity for Au-Au
a (Etc.)
e Physics has been produced at “all” cross-sections:

0 Heavy lons
¢ barn: dN/dnvs N, PRL 86, 3500 (2001)

¢ mb : v,y(py) nucl-ex/0305013 (to appear in PRL)

¢ ub : RpalPy) PRL 88, 022301 (2002)

¢ nb : J/Y¥ (limit) nucl-ex/0305030 (to appear in PRC)
0 Spin

¢ Life (for A;,) begins at ~inverse pb
o A start from Run-3? (0.35 pb™)

e Future output of the program
0 Depends crucially on developing large integrated luminosities
0 Adversely affected by original 37 weeks = 27 weeks per year
0 Enhanced by proposed program of upgrades

29-Sep-03
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Run-4

PH-<ENIX
o 27 weeks

0 Au+Au 200 GeV

¢ 5+14 weeks

¢ Many rare channels
O p+p 200 GeV

¢ 5+0 weeks

¢ Beam development

o 37 weeks

0 Au+Au 200 GeV

¢ 5+19 weeks

¢ Many rare channels
QO p+p 200 GeV

¢ 5+5 weeks

¢ Beam development

® A, ()

29-Sep-03

2004 (Run-4)

w xo 0 S

JI¥
pr(max)

JIY

pr(max)
A, () pr(max)

JI¥
pr(max)

JIY

pr(max)
AL (m°) pr(max)

14
Au+Au
197

p+p

19
Au+Au
197

p+p

weeks
200 GeV
197

weeks
200 GeV

weeks
200 GeV
197

weeks
200 GeV

123 pb”’
4.78 pb™
1641 JI¥'s
17.8 GeVlc

0.0 pb™ 30%
0 J/¥'s

0.0 GeV/c

0.0 GeV/c

4.78 pb”

203 pb”
7.88 pb™
2707 JI¥'s
19.0 GeV/c

0.5 pb™ 40%
746 JI¥'s
13.5 GeV/c

5.0 GeV/c
8.34 pb™”



e Run-4 Luminosity (J/¥)

PH-<ENIX
e A quest to develop
highest possible
integrated luminosity in
full energy Au+Au
running

0 To eliminate statistical
ambiguity in many
production channels

0 Example: J/¥ production

& 27 week scenario:
O 2.60 (e*e’)
0 3.20 (u*w)
(in 0-20% centrality bin)

29-Sep-03
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FIG. 6: (Color online) The J/¢ invariant yield per binary
collision 1s shown from proton-proton reactions and three ex-
clusive centrality ranges of Au-Au reactions all at /sy =
200 GeV. The lowest curve is a calculation including “normal”
nuclear absorption in addition to substantial absorption in a
high temperature quark-gluon plasma . The curve above
this is including backward reactions that recreate J/¢¥. The
statistical model result is shown as a dotted curve for mid-
central to central collisions just above that. The four highest
dashed curves are from the plasma coalescence model for
a temperature parameter of T' = 400 MeV and charm rapid-
ity widths of Ay = 1.0, 2.0, 3.0, 4.0, from the highest to the
lowest. curve respectively.
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PH-ENIX Run-4 Luminosity (¢ — e"e”)

e A quest to develop i IR

highest possible 3"":_

integrated luminosity in o

full energy Au+Au 400~

running 200"

0 To eliminate statistical ot T
ambiguity in many ° - 1 b 2
production channels WO

2 Example: & — e’e »- PHENIX Preliminary -

¢ Run-2 s E

Signal=101%47 (stat)) (sys)

sRind H m HM

o Improved S/B 20

29-Sep-03
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Run-4 Luminosity (Direct Photons)

PH-<ENIX

e A quest to develop
highest possible
integrated luminosity in
full energy Au+Au
running

0 To eliminate statistical
ambiguity in many
production channels

0 Example: Direct photons

¢ Run-2

O Statistics limited at
~4 GeVl/c

¢ Run-4

O Extend this to
~10 GeV/c

29-Sep-03

HIGH-ENERGY PHOTONS FROM PASSAGE OF JETS
THROUGH QUARK GLUON PLASMA.

by R. J. Fries, B. Muller and 3
D. K. Srivas4tava, Phys.Rev.Lett.90:132301,2003
100
Photons for Au+Au at §Y2_A %200 GeV
107
>
3 10°
B
%107
P
o
~10°
% 9 =~ from jets through QGP
B = = Direct photons
10 o0 Brem:sirnl:lung
10 ", " Thermal photons
10
4 6 8 10 12 14
pr [GeV]

FIG. 1: Spectrum dN/dng_dy of photons at y = 0 for cen-
tral collision of gold nuclei at /Sy x = 200 GeV at RHIC. We
show the photons from jets interacting with the medium (solid
line), direct hard photons (long dashed), bremsstrahlung pho-
tons (short dashed) and thermal photons (dotted).

- PHENIX preliminary

_ _________ . ”*+++++++++J+\

— AutAu atys,, =200GeV
| | |
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PMIX Run-4 Luminosity (Other Examples)

2N

e A quest to develop =
highest possible S
integrated luminosity in L hw_
full energy Au+Au RS *; S
running A 1 B ST orswer s s

2.5 3 5
Invariant Mass (GeV/c

0 To eliminate statistical
ambiguity in many
production channels

0 Other examples:

¢ Low-mass pairs
¢ Charm flow
¢ “Jet” correlations

s Inclusive electrons/positron v,

29-Sep-03
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I:,l_lh%}{{ENIQecomb|natlon Tested

The complicated observed flow pattern in v,(p;)
d?n/dp;do ~1 + 2 v,(p;) cos (2 ¢)
Is predicted to be simple at the quark level under
pr— pr/Nn,v,—Vv,/n, n=2_3formeson,baryon
if the flow pattern is established at the quark level

AutAu; \s, = 200 GeV; Mid-rapidity
I ' I ' I ' I

C ilati —
co:::::s;o?lrjl. 015 n:2 o TiHHr * n:3 O p+p oo _
— s KK o A+A "
0w
= 01— « Ks N
N
> A
iq.% ﬁi II‘I .‘I I
0.05— %ﬁ .
&
o A .
o A" STAR
o * PHENIX |
S I R N L
0 1 2 3

29-Sep-03 Transverse Momentum p/n (GeV/c)
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P ,;\Q;ENIX Yet Another Luminosity Limited Observable

AN

e New PHENIX Run-2 result on v2 of nt%’s:

e Clearly would
benefit >N 025& 'Min. Bias | | o

fromRun-4 statis _ © **  pLEN|X Preliminary
AutAu; sy, = 200 GeV; Mid-rapidity _
| ' | ' | ' | 7
015 N=2 o T * n=3 op+p* _
s K'+K = e A+A Y |
0O v L
= 01— « Ks — |
R
~> F 3
iﬁo% *i +++ u+ +
0.05— %ﬁ a
o
. 4P v STAR 1
D_l_f}@__:_______] ________ I________I ________ o E I_TENIX | Il | I | | |
0 1 2 3

Transverse Momentum p/n (GeV/c) pr [GeV/c]
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Run-5

PH-<ENIX
o 27 weeks

0 Si+Si 200 GeV
¢ 519 weeks
¢ Many rare channels
a p+p 200 GeV
¢ 5+5 weeks
* A, ()
o 37 weeks

0 Si+Si 200 GeV
¢ 5+14 weeks
¢ Many rare channels
QO p+p 200 GeV
¢ 5+10 weeks
¢ Beam development
¢ Quality A | (n?)

29-Sep-03

2005 (Run-5)

N

w x0o 0 S

w x0o 0 S

Iy
pr(max)

JI¥Y

pr(max)
A, (n°) pr(max)

Iy
pr(max)

JI¥Y

pr(max)
A, (n°) pr(max)

Si+Si
28

p+p

14
Si+Si
28

10
p+p

weeks
200 GeV 2.2 nb™
28 1.69 pb™
1574 JI¥'s
15.8 GeV/c
weeks
200 GeV 1.2 pb”"  50%
1864 JI¥'s
15.1 GeV/c
6.2 GeV/c
7.64 pb™
weeks
200 GeV 4.7 nb™
28 3.72 pb™
3459 JI¥'s
17.3 GeV/c
weeks
200 GeV 3.8 pb" 50%
6025 J/¥'s
17.3 GeV/c
7.2 GeV/c
15.83 pb™



Y = To Fe or not to Fe?

PH-<ENIX
e 0-th order:

O We desire the species that will
lead to highest possible
integrated (parton-parton)
luminosities

0 CAD guidance neutral in this
respect
(but perhaps Si set-up is easier?)

e 1st-order:

O Clearly depends on assumptions
regarding (length, surface,
volume) effects

O We have consistently requested
a spectrum of species
(Run-2, 3 Beam Use Proposals)

O This is now tempered with reality
from CAD guidance

O Makes choice of “A” all the more
important, since you get only one
per running period

O Concern is that we will not vary it
enough:
& All of the action seems to be at

low N,
29-Sep-03
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PHZENIXSRIN Prospects in Run-5

e Run-3 Preliminary result
based on

0 <P>=26%
0 0.35 pb! recorded
e For future projections:

e Run-4 (37 weeks only) < o m° ALLPfIr_IoErrIlI&pPat \s=200 GeV
a <P> = 40% . reliminary
0 0.5 pb-! recorded 0.05:_ GRSV-max
O Factor 2.8 improvement in i
statistical error of | |
o Run-5 (27 weeks scenario) : [ B
Q <P>=50% 0.05¢ ]
0 1.2 pb-! recorded B
- Fac?or_6.8 improvement in -0-15 Polarization scaling error
statistical error 15| ~30% s not included o

0 1 2 3 4 5 6
p; (GeV/c)

29-Sep-03
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Run-6

PH-<ENIX
o 27 weeks

0 Aut+Au 62.4 GeV
¢ 5+19 weeks
¢ Some rare channels
¢ ISR comparison

o 37 weeks

0 Au+Au 62.4 GeV
¢ 5+19 weeks
¢ Some rare channels
¢ ISR comparison

QO p+p 500 GeV
¢ 5+2 weeks
¢ Beam development
¢ New A | (1)

29-Sep-03

2006 (Run-6)

w x0 0 S

19 weeks
Au+Au 62.4 GeV
197 197
J¥Y
pr(max)
0 weeks
p+p 200 GeV
JI¥Y
pr(max)

AL () pr(max)

19 weeks
Au+Au 62.4 GeV
197 197
JIY
pr(max)
2 weeks
p+p 500 GeV
J¥Y
pr(max)

A, (") pr(max)

45 pb™
1.76 pb™
124 JI¥'s
10.4 GeV/c

0 pb™
0 J/¥'s
0.0 GeV/c
0.0 GeV/c
9.40 pb

45 pb’
1.76 pb’
124 JI¥'s
10.4 GeV/c

2.1 pb™
9391 J/¥'s
22.4 GeVlc

9.3 GeV/c
19.69 pb

50%

50%
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PH-<ENIX

Why 62.4 GeV?

o5 R, T 0-10% Central:
o Selectanenergy o *°T . L | § uhfaocy
to make the - AA .”T\ A oko\s,,=31.0 GeV
. oL (17 eV)l Pb+Pb \Js,,=17.3 GeV
suppression go - )
away - . 4 o Ran~1.5
I &l IV + + (31 GeV)
@ 107} C AR N 4
@ * 900 GeV 1 n ) RAA_:__QA_' ____________________________
g 10 | © 500 GeV . =
3 i = 200 GeV - O 2
£ | -
™ 1 : o 53 GeV . — AA .
Q ; v 23GeV 105 —
o 4 i r 200 GeV
. 10} S W /( ,,,,,,,,,,,,,,,,,,,,,,,,,,, ) ,,,,,,,,,
LLJ . -2; i uﬂ [ 1|[:|
e p; (GeVic)
0 1 e Ata Vs that still allows “full”
10| “it, 1  coverage in pr.
: ‘
10} + | % . 1 o Nota Bene:
. L 0 RHIC luminosity scales as s (i.e., E?)

0 ISR p+p comparison data
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Run-7

PH-<ENIX
o 27 weeks

O p+p 200 GeV
¢ 5+19 weeks
¢ Spin production run
¢ “Ultimate”
comparison set

o 37 weeks

O pt+p 62.4 GeV

¢ 5+5 weeks

¢ Some rare channels

¢ ISR extension

¢ (No species change)
QO p+p 200 GeV

¢ 5+22 weeks

¢ Spin production run

¢ “Ultimate”
comparison set

29-Sep-03

2007 (Run-7)

N

w x0O 0 S

N

wx0o0S

Iy
pr(max)

JIY

pr(max)
A, (n’) pr(max)

¥
pr(max)

JI¥Y

pr(max)
A, (n’) pr(max)

Au+Au
197

19
p+p

22
p+p

weeks
200 GeV 0 ub™
197 0.00 pb™
0 JI¥'s
0.0 GeV/c
weeks
200 GeV 62 pb”"  60%
98572 JI¥'s
24.3 GeVic
11.0 GeV/c
71.01 pb™”
weeks
62.4 GeV 2.7 pb”’
1 2.70 pb™
882 JI¥'s
11.0 GeVl/c
weeks
200 GeV 76 pb?'  60%
121857 JI¥'s
24.9 GeV/c
11.2 GeVl/c
98.55 pb™”
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Run-8

PH-<ENIX
o 27 weeks

0 Au+Au 200 GeV
¢ 5+19 weeks

¢ “Penultimate”
Au+Au run

¢ Needed to access
Upsilons

o 37 weeks

a0 AutAu 200 GeV

& 5+29 weeks

¢ “Ultimate” Au+Au
run

¢ Needed to access
Upsilons

29-Sep-03

2008 (Run-8)

w x0o 0 S

19
Au+Au
197
J¥
pr(max)
0
p*p
JI¥
pr(max)
ALL(no) pr(max)
29
Au+Au
197
J¥
pr(max)
0
pP*p
J¥Y
pr(max)
A, (n’) pr(max)

weeks
200 GeV 841 pb™
197 32.64 pb”
11213 JI¥'s
22.5 GeVlc
weeks
500 GeV 0 pb'  70%
0 J/¥'s
0.0 GeV/c
0.0 GeV/c
103.65 pb™
weeks
200 GeV 1503 pb™'
197 58.34 pb™
20043 J/¥'s
24.1 GeVic
weeks
500 GeV 0 pb"  70%
0 J/¥'s
0.0 GeVic
0.0 GeVic
156.90 pb™
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PH-_ENIX Run-8+

2009 (Run-9)
] 27 WeekS 0 weeks
Au+Au 200 GeV 0 ub™
a p+p 500 GeV 2 197 197 0.00 :;b'1
7 J¥ 0 JI¥'s
¢ 5+19 weeks 0.3
¢ “Penultimate”  Ns=200GeV .| Vs=500 GeV
spin run R=04,|n,| <035 ] ke 0.4,Im,l <0.35
o 37 weeks E 0.2 GRSV MAXg | l
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Figure 9: Asymmetry as a function of transverse momentum, for various po-
larized parton densities, at different cms energies [@] The expected statistical
29-Sep-03 errors for the PHENIX experiment are also shown.
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PHENIX successes in Runs 1-3 have paralleled those of the
accelerator

Ongoing, productive enterprise engaged in timely
publication of an extraordinarily broad spectrum of results
(Au+Au, p+p, d+Au)
Proposed program will extend
O Investigation of rare processes to address fundamental
questions in heavy ion physics
0 Demonstrated spin physics capabilities to higher p; and to new
channels

Proposed program depends critically on timely development

of luminosity and polarization through extended periods of
beam development and steady running

Immense benefit from incremental cost of additional weeks
of running time
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On Energy Scans

Nearly all phenomena measured thus far exhibit smooth

dN, Jdmi(N, , 3/2)
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Absent compelling arguments, and given
O Natural smearing from Fermi momentum

o
variation with energy:
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e Those that don’t(?)
(e.g., kaon slopes)
already present in pp data (next slide)
o
O Scarce beam hours
»

sensitivity the signals that are new at RHIC
29-Sep-03
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Give higher priority to investigating with highest possible
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FIG. 13. Plot of {p,) as a function of V's; the data for
V's <100 GeV are from Ref. [18].
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