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The RHIC Physics Program

Origin of Nucleon Spin




PH-ENIX The PHENIX Detector (2007 Run)

» Detector Redundancy

» Fine Granularity, Mass Resolution
» High Data Rate

» Good Particle ID

» Limited Acceptance

Charged Particle T racking:
Drift Chamber
Pad Chamber
Time Expansion Chamber/TRD
Cathode Strip Chambers(Mu Tracking)
Particle ID:
Time of Flight (East and West)
Ring Imaging Cerenkov Counter
TEC/TRD
Muon ID (PDT’s)
Aerogel Cerenkov Counter
Hadron Blind Detector
Calorimetry:
Pb Scintillator
Pb Glass
Muon Piston Calorimeter
Event Characterization:
Reaction Plane Detector
Beam-Beam Counter
Zero Degree Calorimeter/Shower Max Detector

Forward Calorimeter
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The RHIC machine performance has been very impressive:
» Collided 4 different species in 7 years

*AuAu, dAu, pp, CuCu
»>6 energies run

9.2 GeV, 19 GeV, 22.5 GeV, 62.4 GeV, 130 GeV, 200 GeV

The RHIC Run History

Most machine design luminosity specs have been surpassed !

PHENIX Year Species sY2[GeV ] fLdt N, (sampled)
Runl 2000 Au-Au 130 1 bt 10 M
Run2 2001/02 Au-Au 200 24  ubt 170 M
Au-Au 9 0 - <1lM
p-p 200 0.15 pbt 3.7 G
Run3 2002/03 d-Au 200 2.74 nbt 55 G
p-p 200 0.35 pbt 6.6 G
Run4 2003/04 Au-Au 200 241  ubt 15 G
Au-Au 62.4 9 ub? 58 M
Run5 2005 Cu-Cu 200 3 nb-1 8.6 G
Cu-Cu 62.4 0.19 nbt 04G
Cu-Cu 22.4 2.7 bt 9M
p-p 200 3.8 pbl 85G
Run-6 2006 p-p 200 10.7 pbt 233 G
p-p 62.4 0.1 pb-1 10G
Run-7 2007 Au-Au 200 725  pbt 4.6 G
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Data Size
3TB
10 TB

20TB

46 TB
35TB

2/0TB
10TB

173 TB

48 TB
1TB
262 TB

310 TB

25TB

Transferred

0.6 PB of data to
Japan via the
GRID for

Analysis in 2005/06

570 TB
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PH< Comparable Data Archiving Rates
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hd Run Control for SuperBig Owned by diw
Options  Mode
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PHEHIX Message Viewer

Master Clock E" Scalers
LvI1 Trigger Configuration [
Run 237729 Pun Control Log

Servers Data Taking Mode: Drnd;lﬂinnd Issuing cormmand: set multibuffer <
Run Control State: Run Starte Issuing command: set evia on
Partition Server GUI i EEH " . :
R =aPHENIX Run Control e s s oo
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Event Builder Server GUI iseri  Z573% ssuing command: set granule ALL dcmromode part
E3 I=suing command: wait
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#Events #L2Accept #Read Err  #Read Timeout Assem Rate Ave Data Rate ATP OK ET OK lszuing cormmand: et rmultibuffer 4
2668 2730 o

. . |ssuing command: scaler read activate
I7a316s 1AL Mbis 000000237729 "SEQ#PROFF 2
|

2697 2726 4
2756 2757 11
2825 2827 L]

F1.O978/s 12107 MBfs
76093 /s 12465 MB/s
Fe374ASs 12305 MB/s
59476 /s 10078 MB/s
FLOB2 /s 11.859 MB/s
F6I12fs 12732 MB/s SEB Status EBC Status
75.336/s 12081 MB/s Name #Events  Evemn Size Data Rate Buff Usage Read Error EBC.
76099/ 11562 MB/s SEB.GL1 171402 0.368 KB 1.570 MB/s 0.572
FT225)s 11.801 MB/s SEB.LLL 171152 0.072 KB 0.308 MB/s 0.572
769765 13.558 MB/s SEB.BB.O 171202 1.744 KB 746 MB/s 0.572
6124275 9345 MB/s SEBZDC.0 171302 0.584 KB 2491 MB/s 0.572
74.809/s 12.991 MB/s SEB.HBD.O 171301 8.386 KB 35.764 MB/s 0.533
FA.891 /s 12400 MB/s SEB.DC.W.0 171351 11.733 KB 50.048 MB/s 0.708
69360/ 10502 MB/s SEB.DC.W.1 171401 11.013 KB 46.973 MB/s 0.696
F3.783/s 12452 MB/s SEB.FC.W.0 171351 8.393 KB 35.811 MB/s 0.572
7825475 13.049 MB/s SEB.RICH.W.0 171202 1.867 KB 7.968 MB/s 0.572
791645 14021 MB/s SEB.EMC.W.B 171302 3.625 KB 15460 MB/s 0.607
60685/ 10905 MEB/s SEB.EMCW.T 171296 “4.348 KB 18.542 MB/s 0.633
F2A50/s 12632 MB/s SEB.DC.ED 171401 10.277 KB 43.837 MB/s 0.677
F2762/s 12.007 MB/s SEB.DC.E1 171502 10.219 KB 43.603 MB/s 0.671
Fr569/5 12858 MB/s SEBTEC.EQ 166752 2,616 KB 11.248 MB/s 0.572
769895 12588 MB/s SEBTEC.ES 166951 4.113 KB 17687 MB/s 0.572
74295/ 11580 MEB/s SEBTEC.E1 166813 <825 KB 20.746 MB/s 0.568
FEB17 /s 12580 MB/s SEBTEC.E2 166701 2.528 KB 10.875 MB/s 0.569
85497 /s 13.009 MB/s SEBTEC.E3 166952 4.971 21.375 MB/s 0.575
F8.089/s 12336 MB/s SEB.TEC.E4 166501 4362 19170 MB/s 0.583
F7O38 s 12627 MBfs SEBTOF.E0 166552 4436 19069 MB/s 0.572
75.393/s 12335 MB/s SEB.RICH.E0 166952 1.903 8.18<1 MB/s 0.572
8118/ 12970 MB/s SEB.EMC.ET 166702 17.080 MB/s 0.625
75.817/s 13338 MB/s SEB.EMC.EBO 166652

F6I27fs 12265 MB/s SEBEMCEB1 .

893145 13778 MB/s 22149 MB/s

83.811/s 13177 MB/s 2 21.74<4 MB/s

68168/ s 10506 MB/s 8.382 MB/s

81.036/s 13.595 MB/s - —LaZk MEZFOMRS o
842495 15343 MB/s T|

70.878/s 12129 MB/s 0423 KB 1.814 MB/s
F8.550/s 12600 MB/s
63240/ 10638 MB/s l].42l] H,B 1.3“1 Mnllrs
86422/ 13.751 MB/s
75.8747s 13464 MBjs 8.278 KB 35537 MB/s
75381 s 11.331 MBss
7634475 11.832 MB/s 0.000 KB 0.000 MB/s
80.845/s 13213 MB/s SEBAGEL.,

83.265/s 12498 MB/s sertorv 22 2426 KB 10401 MEB/s
82345/ 5 14231 MB/s
F7ADDSs  12.097 MB/s i 0.351 KB 1.511 MB/s
84818/ s 13310 MB/s
72.047/s  10.904 MB/s 8128 KE 34937 ME/s
804365 12495 MB/s
83.542/s 13421 MB/s 165413 KE 711.066 ME/s
FTIF762fs 12518 MB/s
80376/ s 11.873 MB/s
80400/5 12913 MB/s
83197 /s 13.040 MB/s
F71.2340s 11.232 MB/s

EBC DK |
#Recieved 169550
#Mssigned 168342
#Completed 161610
Avg Event Rate3067.031 /s
Avg Assem Lat  1.576s
Avg ATP Load 118105
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« Data Production takes place at 5-6 sites

— RHIC Computing Facility, CC-J (RIKEN),
CC-F( Ecole Polytechnique), PHENIX
Counting House, ORNL, Vanderbilt

— We have made substantial use of the GRID
(> 600 TB transferred to Japan)

« With the exception of some specialized jobs,
data production from earlier runs is complete

« We anticipate MB data production for Run-7
will start in the early summer at RCF.

— Preliminary data production for Run-7 is

ongoinag at CC-F and Vanderbilt.
Raw Data Collected in RHIC Runs
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Computing News and Fealures

PHENIX experiment uses Grid to transfer
270 TB of data to Japan

During the polarized proton-proton run that ended in June at the Relativistic
Heavy lon Collider {RHIC) at Brookhaven, Grid tools were used by the
PHEMNIX experiment to send recently acquired data 1o a reglonal computing
centre for the experiment in Japan, Brookhaven National Laboratary, on Long
Island, New Yark, is home to the RHIC/ATLAS Computing Facility (RCF/IACF),
which is the main computing centre for experiments at RHIC and a Tier-1
computing centre for ATLAS. The PHENIX regional computing centre in Japan
(CCJ) is at the RIKEN research centre on its Wako campus close to Tokyo

Going into the polarized proton-proton run, PHENIX —

faced the challenge that the RCF would be busy By
reconstructing and analysing gold-gold and copper- i'ﬂﬁl
copper data recorded in 2004 and 2005, The enormous ==
polarized proton-proton dala sel was transterred to
Japan o make usa of the substantial compuling
rasources at CC.J, which is comparable to the PHENIX
partion of the RCF

Data transfer

The PHENIX data acquisition can sustain a peak data rate of up to 800 MEB/s,
and runs at a typical rate of 250 MB/s while beam is stored in RHIC. The data
were buffered at the experimental site before being transferred and archived In
the RCF tape library. A 35 TE disk-storage system (about 60 h at typlcal data
rates) allowed PHEMIX to archive and transfer data at a lower steady rate,
taking advantage of various breaks in the flood of data. A transfer rate of

60 MB/s sustained steadily around the clock was able to keep up with the
incoming data stream

Initially, PHENIX had plannad to transfar the polarized proton-proton data by
physically transporting tape cartridges to CCJ. During the early part of the run,
however, it was found that netwaork transfer rates of 700-750 Mbits/s could be
achieved. A dedicated network path was established from the PHENIX
counting house to the BNL perimeter network, and the tape option bacame a
fall-back solution. In the end, not a single tape was shipped.

Tha principal tool usad for the transfer was GridFtp, which provad to be very
stable. Brookhaven has a high-speed connection (OCA8) to ESNET, which is
connected to a transpacific line (10 Ghit's) served by SINET in Japan. Apart
from two half-day outages of ESNET, the transfers continued around the clock
for the entire 11 week run.

Approximately 270 TB of data (representing 6.8 billion polarized proton-proton
collisions) were transferred o CCJ. Alter a few days of fine-tuning the transler
parameters, the transfers became parl of the regular data-handling operation
of the PHENIX shilt crews, raquiring experts to intervana only occasionally

This seems to be the first time that a data transfer of such magnitude was
sustained over many weeks in actual production, and was handled as part of
routing operation by non-experts. The successful completion of this large-scale
transfer project demonstrates both the maturity of today's Grid tools and the
real feasibllity of integrating remote resources into the data-handling and
processing chain of large experimants
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Examples of Recent Progress
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The RHIC Physics Program

Origin of Nucleon Spin
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PHEN The Upgraded PHENIX Detector

Charged Particle Tracking:
Drift Chamber 2007 PHENIX Detector
Pad Chamber PC3  Central e
Time Expansion Chamber/TRD e
Cathode Strip Chambers(Mu Tracking)
Forward Muon Trigger Detector (MuTrig)
Si Vertex Tracking Detector- Barrel (VTX)

Si Vertex Endcap (FVTX) L

Particle ID:
Time of Flight
Ring Imaging Cerenkov Counter
TEC/TRD PCI
Muon ID (PDT’s) O
Aerogel Cerenkov Counter . {rop' v
Multi-Resistive Plate Chamber Time of Flight o Boar Viow =
Hadron Blind Detector

Calorimetrv: il 'fo% Central Magnet ‘\‘1&%&\'
Pb Scintillator Y, ' W
Pb Glass J"f*'%, 'x*“‘h_h_
Nose Cone Calorimeter (NCC) i
Muon Piston Calorimeter

Event Characterization: ZlC South ZDC Nefjh

Beam-Beam Counter MulD
Zero Degree Calorimeter/Shower Max Detector
Forward Calorimeter
Reaction Plane Detector

Data Acquisition:
DAQ Upgrade il South Side View North

)’Brien June 22, 2007
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PAPRFSIAN Future PHENIX Acceptance for Hard Probes

NCC Run-11 NCC Run-11

(<B)
@
©
S
(<D)
=
o
(&)

MPC Run -6

-3 -2 -1 0 1 2 3 rapidity

a) Heavy flavor with precision vertex tracking with silicon detectors
b) Directy and =n° with combination of all electromagnetic calorimeters

c) Combine a) & b) for jet tomography with y-jet
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PH:ENIX Future Upgrades

Silicon VTX and FVTX MuTrig Station 1

PHENIX Detector

PC,
PC3 Candral ~
r Magnet TEC \\

N

Beam View
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PHENIX Upgrade Schedule Scenario

2002 | 2003 | 2004 | 2005 | 2006 | 2007 |2008|2009 |2010 |2011
Aerogel p—— | @
TOF-W

_—P.

MPC S— ‘ q
ol I
VTX-barrel
FVTX-endcap —_’.
NCC —’.
MuTrigger e ———————— ‘ . .
DAQ

mmmmms  R&D Phase

2007 RHIC Users Meeting

Ed O’Brien

==  (Construction Phase

@ Ready for Data
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RHIC Physics Program

Heavy lon Physics:

*QCD Phase Transition: new state of partonic matter (sQuark Gluon Plasma)
»Global (dN/dn, HBT, E;, fluctuations)
»Particle Spectra and ratios
» Photons and Thermal Radiation (including e*e" continuum)
» Azimuthal Anisotropy (v2)
»JI¥Y Production/ Absorption
»Energy Loss, Ry,
»Jet Modifications
»Heavy Quark/Open Charm

Polarized Protons:

*‘Nucleon Spin
»Gluon spin: AG
»W-parity sea quark spin: Aubar, Adbar
»Nucleon transverse spin distr., transversity

Proton-Nucleus:

Structure function physics

»Gluon saturation

»Shadowing, anti-shadowing...
»Color Glass Condensate

»Cold nuclear physics (Cronin effect)

Search for the QCD Critical Point:

°Is there a QCD Critical Point and if so where is it (T, pug) ?

»Global (Correlation functions, Fluctuations <n>, <p;>)
»Particle spectra and ratios

»e*e” continuum

»Azimuthal Anisotropy (v2), v2 scaling with quark number
»Energy Loss, Rya

»Jet Modification, shape of away-side peak




PH a\bsz hllx
7

Upgrade Physics

2002 ‘ 2003 ‘ 2004 ‘ 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011

Aerogel —” @  Flavor Tagged high pT Physics
TOF-W .—’. Flavor Tagged high pT Physics
MPC > @ @A L. Ay Spin structure forward 1
RXNP .—’. Elliptic flow, esp. heavy quark v2
Azl —” Low mass di-electrons
VTX-barrel — &

heavy quark spectroscopy, y-jet, jet tomography
VTX-endcap W

heavy quark spectroscopy, y-jet, jet tomography,
NCC heavy quark physics, y-jet, CGC, jet tomography, <
i Cgger Quark spin structure, W-production .
DAQ New subsystems, higher luminosity, higher data rates
e R&D Phase =  Construction Phase ‘ Ready for Data
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The VTX, FVTX and NCC both individually and in combination make the
following measurements possible:
— Heavy quark behavior (c, b quark characteristics in dense medium)
— Charmonium spectroscopy (J/y, v’ , xc. and Y)
— Gluon spin structure (AG/G) through g-jet correlations
— Transversity
— A-, pt-, X-dependence of the parton structure of nuclei
— Gluon saturation and the color glass condensate at low x
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PH=ENIEX Barrel VT X Detector

« Specifications:

— Large acceptance (A¢p ~2 m and n| < 1.2)

— Displaced vertex measurement ¢ < 40 um

— Charged particle tracking c,,/p ~ 5% p at high pT

— Detector must work for both HI and pp collisions.
« Technology Choice

— Hybrid pixel detectors developed at CERN for ALICE

— Strip detectors, sensors developed at BNL with FNAL’s SV X4 readout chip

Hybrid Pixel Detectors (50 pm x 425 um)atR ~2.5& 5cm

/.//./QJ ;:i :::.\\\\\\ o
A, o N strip layers m‘ <12
7/ :
i \ o ~2m
[ pixellayers [ z~=*10cm

beam pipe
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PHENIX VTX Separation of ¢, b v2

PHENIX RUN4 preliminary

Expected with VTX @ RHIC (1 RUN)

| Expected v2 |

> | 0.14F
_  non-photonic electron v, 0.12—
015~ Minimum bias (0-92 %) 0 1:
B 0.08 -
01— E E -
- g 0.06/—
005~ pi-oo 0.0
L 3 -
- iy 0.02]
0 [21) :
B 0
~ Kaon contribution is subtracted 0,020 L.
L 11| | L 11| | L1 1| | L1 1| | L1 1| | 1111 | 1111 | 1111 | 1111 | 1111 Bt
05 T 15 2 25 3 35 4 45 5 0
p;(GeVic)

ctb —» e
b enriched (DCA>1000 pn)
c enriched (DCA<200 p)

-

e
|
==

« V2 of single electron is measured by PHENIX in RUN4
* The measured v2 is mixture of b->e and c>e
« With VTX, we can separate b->e and c>e component
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IRBE b /T X Measurement of Raa

PHENIX RUN4 preliminary
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Nose Cone Calorimeter
1
Tungsten-Silicon Calorimeter
«Combination EM and Hadronic section
Includes both preshower and shower max
sections to optimize n° identification

10 GeV
electron |

«Smallest practical Moliere radius needed due i:%wyo

to location 40 cm from PHENIX IP
*Covers 2r in azimuth and 1.0 <1 < 3.0

T -‘_‘_ - — . .
—d PO i 1
?15'00 um pitch Strips (“StriPixels”) | | S
WP Ps Y Silicon pads
gt | | shower o /1.5x1.5 cm? _
eadout In 3 longitudi -
[ [ Il || |
EM1 EM2 HAD
electromagnetic electromagnetic hadron identifier
I [[NENNN][NNAAN

De

R, m (HAD)

e



PH ENIX Nose Cone Calorimeter

Charged Hadron R

v-jet measurements

Physics Program of NCC includes: I oo

»  Factor of 5 increase in coverage for y-jet 3 **/EX | "_Gf ;
measurements Foa ]

* Energy loss at forward rapidiites ) o i *E

« Charm through electron channel at forwal | ;
rapidities 0.1 ]

rad

« Suppression effects of x . in HI collisions

* Nuclear modification factor (CGC effects) in
dAu using ©° n
« Transverse Spin Physics

Energy Ioss at forward n

@ photons

M

Raa(pr > 6.0 GeV/c)
o

iy
— T

Measurement of the y

Gluon Saturation/CGC %eRaa 1<y<1.5 12 Weeks RHIC Il o5} & T
CR— : : : . compared to present J/y o ‘ :
E Phenix Preliminarvy [ N P I T I B I
: . & | 1 ef;:;e\:; T |: - e LRt s 0 50 100 150 200 250 300 350
ik n * Pr ] LJ E == Au+hu :1.2<|y|<2.2 Jhy—pp Npaniclpant
- 8 | e T
1 :-ﬁ- -------------------- -j-i---_._ : Comover i, =0mb : y=0
E Cronin effect & Central Arm (T RElee . _
C q q ] C . ==== Comover:g =0mb:y=
os. | ant-shadovnng? S| ol | R
m @ 0, ] L Svl & C LY
0 L [O 2|O /0] I L 4: 0'4:_ iy E i_
[ ~50K total y,. i__-
2 -1 0 1 2 0.2F_For 0-10% Central 8-
n .} 10K signal
[ 600K backaround
R R |

Centra.' magnet

-Drii{?f?fﬂi_, . pole
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PHESENIX Forward Silicon Vertex Detector - FVTX

FVTX Specifications:

e 2endcaps

« 4 pixelpad layers/endcap
« ~550k channels/endcap

 Electronics a mod of BTeV
readout chip

« Fully integrated mech
design w/ VTX

e 2mcoverage inazimuth and
1.2<|n|<24

« Better than 100 um
displaced vertex resolution
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PHSENIX Forward Silicon Vertex Detector - FVTX

Jhy, y’ separation

Dimuon invariant mass distribtion ]

Physics Program of FVTX includes

Resolving JAy and v’ in Muon arms

« Resolving Y at y=0 using Muon arms

» Direct measure of B meson through displaced Jhy

e Drell-Yan Measurements in dAu at both forward
J by and midrapidities

Direct measure of B

1y e ¢, b ID for both HI physics & AG spin measuremen

N e ‘ " * Nuclear modification factor (CGC effects) in dAu
S Tene using hadrons, ¢, b, and Jhy

Had ron suppression at forward il Large expansion of X coverage B

GS95,
1.5< [n| <2.0 AG(x, 4 GeV’), NLO Baseline

08F ——c Endcap -

2.5 —‘ - [
| % 08
2 o9
18E H [ ? 4 0.4_
hé T . 0.2
0.5 Ij l ] r L '. =0 T‘ 0.'—-"—-

0 : — =
1.2 14 16 18 2 22 24 26 28 3 -0.2
10°

Pr (GeVic)
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Alg -
e ENIX Muon Trigger

The Muon Trigger Upgrade consists of:
YOGrIScu Rl © 6 Stations of Resistive Plate Chambers MuTrig Station 1

‘\ — 3 North, 3 South

 Addition of LVL1 electronics to MuTracker
— St2, St3 North and St2, St3 South

Increases LVL1 rejection by 2 orders of

magnitude MuTrig Station 2
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PHSENIX Muon Trigger

Measuring sea quark contributions to proton spin via W production at RHIC

Ws In polarized p-p:

« limited x-coverage ey
» high Q2-> theoretically clean %1 1% gt
« no Form Factor-info needed <E 7 = HERMES- 200
O__ |I E| 1 L1 1 I. RHICISOIOPIIJ L1 1
Inclusive QL Production, 500 GeV/c g 0.4 — EI E
T[T I <]-08_— *
U 10 2 ] Il W boson E| 1 2 —
\:_, o F™ ) YZ boson 3 1:2 L Lo | [ R R
E L ?wi A Bottom 7; B
= E & 3 O
5 10 TEE \*\‘ [0 Charm EE gi __ E
105%—““ % :““3: 0= t#{t##
<F = < C E
10° & 5 -0.4_
10 4;— —i -0.8— E . . -
§ § _12 C L %TatlstlcialLnlcerrlamtlles? 0|111|y
10 7 by e - = . 0.1 1
10 zi— *-*EP “**aﬂipcéj %Q&&Z%Tﬁ XBJ

Bt i
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pT(GeV/c)
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RHIC Physics Program

Heavy lon Physics:

*QCD Phase Transition: new state of partonic matter (sQuark Gluon Plasma)
»Global (dN/dn, HBT, E;, fluctuations)
»Particle Spectra and ratios
» Photons and Thermal Radiation (including e*e" continuum)
» Azimuthal Anisotropy (v2)
»JI¥Y Production/ Absorption
»Energy Loss, Ry,
»Jet Modifications
»Heavy Quark/Open Charm

Polarized Protons:

*‘Nucleon Spin
»Gluon spin: AG
»W-parity sea quark spin: Aubar, Adbar
»Nucleon transverse spin distr., transversity

Proton-Nucleus:

Structure function physics

»Gluon saturation

»Shadowing, anti-shadowing...
»Color Glass Condensate

»Cold nuclear physics (Cronin effect)

Search for the QCD Critical Point:

°Is there a QCD Critical Point and if so where is it (T, pug) ?

»Global (Correlation functions, Fluctuations <n>, <p;>)
»Particle spectra and ratios

»e*e” continuum

»Azimuthal Anisotropy (v2), v2 scaling with quark number
»Energy Loss, Rya

»Jet Modification, shape of away-side peak




RHIC Physics Program

Heavy lon Physics:

*QCD Phase Transition: new state of partonic matter (sQuark Gluon Plasma)
»Global (dN/dn, HBT, E;, fluctuations)
»Particle Spectra and ratios
» Photons and Thermal Radiation (including e*e- continuum)
» Azimuthal Anisotropy (v2)
»JI¥Y Production/ Absorption
»Energy Loss, Ry,
»Jet Modifications
»Heavy Quark/Open Charm

Polarized Protons:

*‘Nucleon Spin
»Gluon spin: AG
»W-parity sea quark spin: Aubar, Adbar
»Nucleon transverse spin distr., transversity

Proton-Nucleus:

Structure function physics

»Gluon saturation

»Shadowing, anti-shadowing...
»Color Glass Condensate

»Cold nuclear physics (Cronin effect)

Search for the QCD Critical Point:

°Is there a QCD Critical Point and if so where is it (T, pug) ?

»Global (Correlation functions, Fluctuations <n>, <p;>)
»Particle spectra and ratios

»>e*e” continuum

»Azimuthal Anisotropy (v2), v2 scaling with quark number
»Energy Loss, Rya

»Jet Modification, shape of away-side peak

Topics addressed by PHENIX Upgrades




et

PH:- Nucleon Spin Structure: Physics Impact of

VTX, FVTX, NCC & Muon Trigger Upgrades

Physics Goals Present vs with upgrades

AG (X) determine first moment of  Inclusive hadrons + photons
the spin dependent gluon  heavy flavor, photons, photon-jet
distribution, IO1AG(x)dx. = increase x-range
=» parton kinematics

Aq(x) flavor seperation of quark ot possible without upgrades
and anti-quark spin distri-

AC_I(X) butions

A, for inclusive hadronen
A; in Interference-Fragmentation

&:I measurement of trans-
A; Collins FF in jets

versity quark distributions.

Sivers Effect Measurement of the A, for back-to-back hadronen
Sivers distributions Ayt Jets, Ds, DY
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PH-ENIX Physics studies with Low Energy

RHIC Running

Is there a QCD Ceritical Point and if so where is it (T, mg) ?
Vary energy and possibly beam species and measure:

« Global (Correlation functions, Fluctuations <n>, <p;>)

« Particle spectra and ratios

e e*econtinuum

« Azimuthal Anisotropy (v2), v2 scaling with quark number

* Energy Loss, Raa
« Jet Modification, shape of away-side peak

Relativistic
Heavy Ion
Collisions

Quark—Gluon Plasma

~150
MeV

Color —

. s 7
Hadron Gas Superconductor

CFL

1
Neutron |Stars?

ubaryon

N, ]
R 4 - -
"Vacuum Nuclei — CT‘}’SII‘J]]HIC
Color Superconductor
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PH-ENIX Physics studies with Low Energy

RHIC Running

Is there a QCD Ceritical Point and if so where is it (T, mg) ?
Vary energy and possibly beam species and measure:

« Azimuthal Anisotropy (v2), v2 scaling with quark number
* Energy Loss, Raa

« Jet Modification, shape of away-side peak
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PH-ENIX Physics studies with Low Energy
RHIC Running

Is there a QCD Ceritical Point and if so where is it (T, mg) ?
Vary energy and possibly beam species and measure:

« Global (Correlation functions, Fluctuations <n>, <p;>)
« Particle spectra and ratios

A t Multiplicity Fluctuation: Universal Scaling
p/m ratio vs s 0.2<p,<2.0 GeV/c

o1
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PH=LENIX Low Energy Running

Hypothetical Run Strategy

« ~few M events/energy point

« 4-5points s ” ranging from s % =5 GeV to 30 GeV

Run once in next 2-3 years with current detector including HBD

Run a second time with enhanced luminosity and Central region upgrade
e VTX+FVTX+NCC

A small diamond would really help here

Relativistic
Heavy Ion
Collisions

Quark—Gluon Plasma

~150
MeV

Color —

- T ~
Hadron Gas Superconductor

CFL

ubaryon

1
Neutron |Stars?

N -\ N
"Vacuum Nuclei — CT‘YSII‘J]]HIC
Color Superconductor

2007 RHIC Users Meeting Ed O’Brien June 22, 2007



PHENIX Physics of the Perfect Fluid

Two of the most important discoveries at RHIC came in the first year

Azimuthal anisotropy observed Jet Quenching observed in charged
For charged particles vs centrality hadrons and =° vs centrality
STAR: PRL 86, (2001) 402 PHENIX: PRL 88,(2002) 022301
0-1‘-_ B _.l T I central 0241N0% . PH ENIX
ooa: ® Charged Particles - P a2 [
08— = e i
: [I HydrO Limit : 2 ’ e GERNLISR Pb+Pb{Au) CERN-SPS B
o o.os:— + ¢ $ ) an’ - J lllllllllllllllll +
>t ¢ U Y S
i By u = 1 | ,,,,,,,,,, __binary scaling |
; 1% 7 ] AR
0.021— m‘ 8 i g e . g
§ el : el
| PP WPUIPU WP SR VT W " —"—— :f: RHIC =
0 0.2 0.4 0.6 0.8 1 0 0 : . : é : : : g‘l_
nchl rImax p; (GeV/c)
Au + Au+/snn =130GeV
dn/d¢ ~14+2v (p ) COS (2 ¢) + Hadron production in Central collisions
: iy ly a factor of 5 less than what
Azimuthal asymmetry of charged particles was nearly a1actor or o [ess than wha
observed as a function of p; and Centrality was observed in peripheral collisions.
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Physics of the Perfect Fluid

The Matter Created is Very Opaque.
70 is Suppressed out to 20 GeV/c
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PHCENDX Physics of the Perfect Fluid:

715

Energy Loss
The energy loss mechanism is far from understood

Suppression level for non-photonic electrons (presumably leptons
from c,b decays) is the almost same as n° and n in high p region

R, for non-photonic electrons

é 2 7I T 7 I TT T T T T T T T T T Ii
(1 4 - R..-0-10 % Point-by-point error ]
1.8: AA +'A @ \ls__ = 200 GeV [ ] Scaling error -
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i A n° without scaling error E
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1.2/ |op + | ]
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PHENIX Physics of the Perfect Fluid
Elliptic Flow: v

Non-zero elliptic flow for heavy-flavor electron — indicates non-zero D v,

v2 for non-photonic electrons (heavy quark decays) Scaling of v2 by #quarks

|'I'II[['I[[I|II\I|I111[[]‘Il[l][lll[l]]ll'\[l]
s L - (a) o '+ (PHENIX) < p+p (PHENIX) (b) .
B non-oh _ 01l a K;+K'(PHEN[X) 0 £\_+K_+(STAR) |
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B I T < .+ 1
0.1— ) o .%;ﬁg i I ﬁ‘# t
- Hyl $ > 0.05} ‘éﬁ 1 4 !
005 Trus® o
- o : - i -
B L = o
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0 L i .. |
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If partonic thermalization is driving the flow of the light quarks, then does v2 of non-
photonic electrons mean both the ¢ and b quarks are thermalized too? Do the c and b
quarks flow differently?
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Physics of the Perfect Fluid:

Jhy Suppression Mechanisms

Less suppression at central rapidity than at forward rapidities
Same suppression levels at RHIC as seen at NA-50

1— global —
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It 1s hard for existing suppression vel] d *

mechanisms to explain this data.
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Physics of the Perfect Fluid.:

Jet Modification

The physical processes governing Jet Modification at RHIC are not understood,
separating medium effects from geometric and surface effects are difficult and
require both sophisticated detectors and analysis tools

Jet modification

Disappearance of away-side jet in central AuAu collisions
Near-side Jet
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Are we observing a wake front traveling through the partonic fluid?
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Physics of the Perfect Fluid

RHIC has produced billions of events, from which
we have created thousands of plots, publishing
over a hundred papers in seven years of operation.

No models come close to explaining the many
characteristics of the partonic matter we have
created at RHIC
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New State of Partonic Matter

*We have a four component physics
PH ENIX  program which uses RHIC to explore some
of the most important questions in QCD
*RHIC capabilities make it uniquely suited

Relativistic
[ o of Heavy Ion
o2 g\ ¢

e to carry out this program

~150

Early Universe .~ Y

L
Hadron Gas \

* Vacuum Nuclei—~ Crystalline
Color Superconductor

Color
Superconductor §

= hCFL*
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aryon LTS

*\We have a detailed upgrade plan for the
MVl future that we are starting to implement

PH:ENIX Conclusion - 1

Origin of Nucleon Spin

e
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PH:ENIX Conclusion - 2

New State of Partonic Matter re e | Origin of Nucleon Spin

RHIC Il is:
«10X Luminosity Upgrade
*Order of Magnitude increase in Detector Acceptance or DAQ Rate
*Order of Magnitude S/B improvement for many physics signals
Potentially a 3 order of magnitude improvement in physics
performance

When RHIC started running in 2000 many were looking to create a
QGP that would display many interesting QCD characteristics.
Instead we have created partonic matter (The Perfect Fluid) that may

be as fundamental to QCD as the proton.
With RHIC 11 we will create more of that matter, capture more of the 2%

events and study it more precisely.
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