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RHIC – QCD collider
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RHIC polarized-proton collision
• Luminosity 3×1031 cm-2sec-1 at √s = 200 GeV achieved

– 6×1031 cm-2sec-1 at 200 GeV and 1.5×1032 cm-2sec-1 at 500 GeV
in the future

• Polarization 65% achieved – 70% in the future
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PHENIX detector

• Global detectors
– beam-beam counter (BBC), zero-

degree calorimeter (ZDC)

• Philosophy
– high resolution at the cost of 

acceptance
– high rate capable DAQ
– excellent trigger capability for 

rare events
• Central tracking

– pad chamber (PC), drift chamber
(DC), time expansion chamber
(TEC)

• Forward tracking
– muon tracker (MuTr)

• Central arm EM calorimetry
– EMCal

• Particle ID
– muon ID (MuID), RICH, TOF, 

TEC
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2006 run
• 200 GeV transverse (radial) spin

– 2.7 pb-1 with 〈57%〉 polarization
• 200 GeV longitudinal spin

– 7.5 pb-1 with 〈62%〉 polarization

• 22 GeV test
• 62.4 GeV transverse and longitudinal physics run
• 500 GeV machine study

P2L: Transverse 

P4L: Longitudinal

0.88
1.11

~7 times Run-5



July 25, 2006 Spin-Praha-2006 7

RHIC/PHENIX polarized-proton runs
P                   recorded L    LP2/LP4 data volume

2001-2002 √s = 200 GeV transverse/vertical-spin run
15%              0.15 pb-1 3.4 nb-1 20 TB

first polarized proton collisions
2003 √s = 200 GeV longitudinal-spin run

27%              0.35 pb-1 1.5 nb-1 35 TB
spin rotators commissioned, AGS p-C CNI polarimeter

2004 commissioning run (√s = 200 GeV longitudinal spin)
40%              0.12 pb-1 3.3 nb-1 35 TB

AGS warm snake operated, gas-jet absolute polarimeter
2005 √s = 200 GeV longitudinal-spin run

49.5/44.5%   3.8 pb-1 205 nb-1 260 TB
AGS cold snake installed

2006 √s = 200 GeV transverse/radial-spin run
57%              2.7 pb-1 880 nb-1 100 TB

√s = 200 GeV longitudinal-spin run
60%              7.5 pb-1 1100 nb-1 160 TB

√s = 62.4 GeV transverse and longitudinal run
60%              0.1 pb-1 50 TB

AGS cold snake operated
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DAQ and WAN data transfer
• DAQ rate more than 5 kHz

• WAN data transfer and data reconstruction/production at CC-J 
(computing cetner in Japan, RIKEN, Wako)

TAPE MEDIA

NETWORK

Data transfer between RIKEN and BNL
Network : ~60MB/sec
Sending by air : ~20MB/sec (=200GB×60tapes/week)

using media tape (1tape=200GB, 1case=60tape)

BNL/RCF
Long Island, USA

RIKEN CC-J
Wako, Japan

60 MB/s sustained rate
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Data transfer
– 6 TB/day = 70 MB/sec max
– Run5pp: 260 TB transferred
– Run6pp: 310 TB transferred

• 200 GeV transverse/radial 100 TB
• 200 GeV longitudinal          160 TB
• 62.4 GeV 50 TB

Run5pp Run6pp

2005 2006



ALL Results
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Gluon contribution
• scaling violation in polarized DIS

– spanning  a limited range of Q2

• semi-inclusive DIS
– high-pT hadron pairs
– open charm production

(th)(syst)(stat)99.0)GeV 1(  :SMC 43.1
45.0

42.0
22.0

17.1
31.0

22 +
−

+
−

+
−==Δ Qg

1.1(syst)(stat)8.06.1)GeV 5(  :E155 22 ±±==Δ Qg

lepton beam
or 

or 
nucleon target

γ*

gluon
heavy flavor

B. Adeba et al., PRD 58, 112002 (1998).

P.L. Anthony et al., PLB 493, 19 (2000).
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Gluon polarization measurement
• Polarized hadron collision

– leading-order gluon measurement

• ALL measurement
– P: polarization
– N: yield
– R: relative luminosity
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Relative luminosity
• Beam-Beam Counter (BBC) used 

as relative luminosity monitor
– 3.0 < |η| < 3.9
– low background
– high statistics

• Zero-Degree Calorimeter (ZDC) 
used as a cross check
– 6 < |η|
– different kinematics and 

acceptance
• Bunch-by-bunch comparison of 

ratio of scalar counts in BBC and
ZDC

r(i) = NZDC(i)/NBBC(i) is fitted by
expected polarization pattern:

C[1+ALLP1(i)P2(i)]
C: constant
ALL: ALL of BBC relative to ZDC

after vertex-width correction

very constant zero-consistent value
is obtained: it shows a precision of
the relative luminosity
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Relative luminosity
• 2005 run

– achieved relative luminosity precision δR = δ(L++/L+−) smaller 
than 1.0 x 10-4

– relative luminosity contribution to ALL(π0) smaller than 0.023%
(47% beam polarization)

– ALL of BBC relative to ZDC consistent with zero (smaller than 
0.02%)

• strongly indicates that both double spin asymmetries are zero
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Local polarimeter
• Spin rotator magnets enable longitudinal collisions
• PHENIX discovered at low pT and high xF an analyzing power of neutron 

production in pp collisions at √s = 200 GeV
• ZDC + Shower Max Detector

Blue Yellow

Blue Yellow

rotator off

rotator on
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Local polarimeter
• Longitudinal component measurement

– ST is measured with the local polarimeter

222    1 radialTverticalTTL SSSSS −−Τ +=−=

2005 run

%04.021.094.98/

%02.012.048.99   /

±±=

±±=

YellowL

BlueL

pp

pp
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Gluon contribution ?
• Polarized hadron collision

– leading-order gluon measurement

• ALL of π0

][][][ qqgqgg
dd
ddA

qqgqgg

LL

ΔΔ+ΔΔ+ΔΔ=
+
−

=
−+++

−+++

ωωω
σσ
σσ
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proton beam

or 

or 

gluon
photon

proton beam

proton beam

or 

or 
gluon
gluon

heavy flavor

direct photon production heavy-flavor production

gg + qg dominant
sensitive to the gluon reaction
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π0 cross section
Run2 result
PRL 91, 241803 (2003)

9.7% scale uncertainty
is not included

agreement of cross section between data and
NLO pQCD calculations is excellent at RHIC
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PHENIX ALL of π0

0.0-0.7*GRSV Δg=−g
16.7-18.4*GRSV Δg=0
0.0-0.0*GRSV-max (Δg=g)
17.1-21.7GRSV-std
C.L. (%)Theory model

* at input scale Q2 = 0.4 GeV

- Run5 conclusively excludes GRSV maximal scenarios.
- Data consistent with GRSV standard and   GRSV ΔG = 0.

GRSV-max: Δg = 1.84

GRSV-std: Δg = 0.42
at Q2=1(GeV/c)2

best fit to DIS data
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ALL of π0

– χ2 analysis by M. Stratmann and W. Vogelsang
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62.4 GeV run
• ALL of π0

– low FoM but good high-x coverage
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Muon Piston Calorimeter

• 3.1 < |η| < 3.65
• 192  2.2x2.2x18 cm3 PWO crystals, 220 cm from vertex

(behind Beam-Beam counter)
• Energy Resolution:  13%/√E??  from beam test

η=-3.1

η=-3.65
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ALL of jet-like cluster
– “jet” detection: tag one high energy photon and sum energy of 

nearby photons and charged particles
– definition of pT cone: sum of pT measured by EMCal and tracker 

with R = √(|φ|2+|η|2)
– real pT of jet is evaluated by tuned PYTHIA

Run3 result Run5 projection
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Direct photon

West arm 
only

NLO pQCD
(by W.Vogelsang)
CTEQ6M PDF
μ=1/2pT, pT, 2pT

Ed
3 σ

/d
p3

West arm 
only

Ed
3 σ

/d
p3

Run3 preliminary results
subtraction method                 isolation method
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Future outlook
• We have been accumulating data

– ALL of direct photon
• gluon Compton (gq→qγ) dominant
• clean Δg measurement including sign of Δg

– √s = 200 GeV run until 2009
– √s = 500 GeV run from 2009 (and developments until then)

LLq
p

g

g
TLL axA

xg
xg

pA ˆ)(
)(
)(

)( 1 ⋅⋅
Δ
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Towards the 500 GeV run
• 410 GeV run in 2005

– accelerator study towards the 500 GeV run
• RHIC is capable of accelerating to higher √s without losing all polarization

• 500 GeV commissioning in 2006

yellow:
49% pol.

blue:
33% pol.

analyzing power of local
polarimeter roughly the same
despite doubling of energy
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Flavor-identified quark polarization
• Weak boson measuremen

– at √s = 500 GeV
• parity-violating AL measurement

– no fragmentation ambiguity
– important to limit the gluon 

polarization, too
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AN Results
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Single transverse-spin asymmetry (AN)
• Left-right asymmetry

• Forward-rapidity
– Fermilab-E704

• fixed-target experiment at √s = 19.4 GeV
– RHIC-STAR

• √s = 200 GeV
• large asymmetry at xF > 0.3

– and more fixed-target data at lower energies

left

right

RightLeft

RightLeft
N dd

dd
A

σσ
σσ

+

−
=
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Single transverse-spin asymmetry (AN)
• Forward-rapidity

– ~ 20% asymmetry
– many QCD-based theories developed

Phys.Rev.Lett. 92 (2004) 171801

Fermilab-E704

√s = 19.4 GeV √s = 200 GeV
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Quark distribution functions and
fragmentation functions

• transversity distribution function

– distribution of the transverse-spin of a parton inside the 
transversely polarized proton

• Sivers distribution function

– correlation between the transverse-spin of the proton and the 
transverse-momentum of an unpolarized parton inside the proton 
(pT

2)
• Collins fragmentation function

– correlation between the transverse spin of a fragmenting quark 
and the transverse momentum of the outgoing hadron relative to 
the quark (kT

2)

)()( 1 xhxq T=δ

),( 2
1 TT pxf ⊥

),( 2
1 TkzH ⊥
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Mid-rapidity at PHENIX
• Different kinematic region

– forward-rapidity at STAR (xF > 0.3)
• quark-gluon reaction dominant
• large contribution from x ~ 0.6 quark polarization/transversity

– mid-rapidity at PHENIX (xF ~ 0)
• contribution from both gluon-gluon and quark-gluon reactions
• x = 0.03 – 0.1
• small quark polarization/transversity
• no gluon transversity in leading twist
• negligible transversity & Collins effect contribution
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Mid-rapidity at PHENIX
• Run2 results

– AN for both π0 and charged hadrons consistent with zero at mid-
rapidity

– ~5 times smaller asymmetry than STAR forward-rapidity data 
(~10%)

– comparable data with Fermilab-E704 for π0 and charged hadrons

Fermilab-E704
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Update on charged pions

• Improved polarization： P=15% in 2001/02, P=47% in 2005
while statistics is smaller. 

• AN is 0 within 1% interesting contrast with forward π

pT (GeV/c)

AN
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Forward neutron asymmetry
• PHENIX local polarimeter R&D at IP12

EM Cal Base

PbWO4

Charge Veto

Neutron VetoHadron Cal Base

Pb

Scintillator

W+Fiber Cal

Post-shower
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Forward neutron asymmetry
Hadron Cal EM Cal

AN = −0.126±0.008±0.041AN = −0.116±0.018±0.020

preliminary preliminary

preliminary
very forward neutron
AN ~ -12%
xF > 0.2
pT < 0.3 GeV/c
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PHENIX local polarimeter

• ZDC + SMD
– ZDC: Zero-Degree Calorimeter

• hadron calorimeters at the most forward 
location (~18m from IP)

– SMD: Shower-Maximum Detector
• plastic scintillator array
• X: 7 array, Y: 8 array

1 ZDC

SMD
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Forward neutron asymmetry
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• Square-root formula

• Smearing effect -- simulation

Without Minbias With Minbias

LARGE!!

neutron neutron
charged
particles

P~48%
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Forward neutron asymmetry

Eur.Phys.J.A7:109-119,2000

xF

• AN is produced via interferance of spin non-flip and spin-flip amplitudes
• In Regge theory

– Pomeron gives no spin-flip amplitude
– We need spin-flip amplitude

• One pion exchange model may explain the result
– Cross-section at ISR is OK
– xF-scaling at different sqrt(s)

Need more data
e.g., pT dependence of AN, coincident particles
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Back-to-back jet at PHENIX
• Boer and Vogelsang find that this parton asymmetry 

will lead to an asymmetry in the δφ distribution of 
back-to-back jets

• Should also be able to see this effect with fragments 
of jets, and not just with fully reconstructed jets

ST

j1

j2

π0

2γ

Δφ

h

Boer and Vogelsang, Phys.Rev.D69:094025,2004

ΔNg = ΔNd (E704)
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Back-to-back jet at PHENIX
• Measurement of the gluon Sivers function via AN for di-

hadron angular correlations
– Sivers distribution is a transverse parton momentum distribution 

correlated with the nucleon’s spin axis, which could arise from 
orbital angular momentum

– Error bars: Expected sensitivity with P=60% and 7 pb-1
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Summary
• We have been accumulating and presenting data for both ALL

and AN physics
– √s = 200 GeV run until 2009
– √s = 500 GeV run from 2009

• ALL physics
– Gluon polarization measurement
– 2005 ALL(π0) data distinguished between GRSV-max and GRSV-std
– more data: 2006 ALL(π0) data 200 GeV & 62.4 GeV, forward π0, “jet”, 

direct photon, …
– Towards the future: flavor-identified quark polarization measurement 

with W±

• AN physics
– mid-rapidity: π0, charged hadrons, back-to-back jet, …
– forward: neutron, π0, …



Backup Slides
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Advantage-1
• High √s and pT make the NLO 

pQCD analysis reliable
– dependence of the calculated 

cross section on μ represents an 
uncertainty in the theoretical 
predictions

– comparison of π0 cross section 
between data and NLO pQCD
calculations

• PHENIX mid-rapidity data
• excellent agreement even down to pT ~ 

1 GeV/c

M. Stratmann and W. Vogelsang
)(GeV/ cpT

)(
)2/(

0

0

μσ
μσ
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Advantage-1
– STAR forward-rapidity π0 cross 

section
– PHENIX mid-rapidity direct photon 

cross section 

agreement of cross section between
data and NLO pQCD calculations is
excellent at RHIC



July 25, 2006 Spin-Praha-2006 46

Advantage-2
• Multi-bunch collisions to cancel systematics

– 56 crossings in 2001-2004, 106 crossings in 2005
– different spin combination every crossings
– time-dependent correction not necessary for the asymmetry 

calculation
– bunch-by-bunch characteristics can be investigated and have 

small enough difference to cancel out systematic uncertainties 
so far

– spin flip in the future will improve this further
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2006 run
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2005 data transfer
• WAN data transfer between RCF 

(BNL) and CC-J (computing 
center in Japan, RIKEN, Wako)
– data sample 270 TB
– rate 60 MB/sec
– duration ~11 weeks

http://www.cerncourier.com/main/article/45/7/15
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Gluon polarization
• semi-inclusive DIS

– HERMES @ DESY
• high-pT hadron pairs

– SMC @ CERN
• high-pT hadron pairs

– COMPASS @ CERN
• high-pT hadron pairs
• open charm 

(projection)

lepton beam
or 

or 
nucleon target

γ*

gluon
heavy flavor
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Where is the proton spin ?
• Origin of the nucleon spin 1/2

– polarized DIS experiments showed the quark contribution is only 10-30%
– gluon contribution ?

• Scaling violation in polarized DIS

• Semi-inclusive DIS
– high-pT hadron pairs
– open charm production

(th)(syst)(stat)99.0)GeV 1(  :SMC 43.1
45.0

42.0
22.0

17.1
31.0

22 +
−

+
−

+
−==Δ Qg

1.1(syst)(stat)8.06.1)GeV 5(  :E155 22 ±±==Δ Qg
B. Adeva et al., PRD 58, 112002 (1998).

P.L. Anthony et al., PLB 493, 19 (2000).

lepton beam
or 

or 
nucleon target

γ*

gluon
heavy flavor
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Relative luminosity
– systematic error of the ALL measurements

– multi-collision study with new scaler board in Run5

Run3 Run5

Run3
δR = 2.5×10-4 → δALL = 0.2%

Run4
δR = 5.8×10-4 → δALL = 0.2%

Run5
δR = 1.0×10-4 → δALL = 0.023%
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Local polarimeter
– longitudinal component of the proton polarization at PHENIX IP

• better statistics due to better DAQ rate
• backward asymmetry consistent with zero

Run3
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ALL of J/ψ

Run2 results, PRL 92, 051802 (2003)

Run5 preliminary result

• Muon arm results
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Spin dependence of kT of jets
– possible helicity effect

• We may observe net effect (after averaging over impact factor)
same helicity

opposite helicity

Run3 result
hint of helicity dependence ?

not yet sure

Run5 data
yield a definite answer ?
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Spin dependence of kT of jets
• Run3 result: hint of helicity dependence ?

– not yet sure

• Run5 data should yield a definite answer.
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Silicon-vertex upgrade
• Barrel silicon vertex tracker

– 2 pixel layer + 2 strip layer
– jet axis measurement and isolation 

cut by charged particle detection 
with wider acceptance

– displaced vertex measurement for 
heavy flavor tagging

• Schedule
– completion and installation in 2008 

summer
– commissioning and data taking 

from 2009 run
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Muon-trigger upgrade
• Requirement towards the √s = 500 GeV run
• Resistive Plate Chamber technology chosen by PHENIX 

– cheap – wide coverage possible
– can leverage existing RPC R&D from CMS
– timing information
– 3-dim space point for enhanced pattern recognition

• Two small prototypes successfully tested in 2005 run
• Approved NSF-MRI – 1st Arm in 2008,  2nd Arm in 2009

Trigger RPC Locations


