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Outline

• Motivation for Spin Physics at RHIC
• Introduction to RHIC Polarized Proton Accelerator

• Polarized Source
• pC Polarimeters
• Hydrogen Gas Jet Target

• Introduction to PHENIX
• PHENIX detectors
• Local Polarimetry
• Run History

• Physics Longitudinal Spin Analyses and Results 
• Neutral Pion ALL, Direct Photons, Charged Pions, eta

• Determining the gluon contribution to spin of the proton
• Brief look at W physics potential at PHENIX
• Summary and Future Outlook
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RHIC Spin : Colliding beams of polarized 
partons

• Collide beams of polarized protons, 60+% polarization, =62.4, 200, 500 GeV
• At high pT, sqrt(s), can factorize as beams of polarized partons a,b

• Helicity conservation in  cross-section ∆σ(ab->cX) can imply large analyzing
power for some processes

• Have sensitivity to polarized parton distributions, including gluon directly
• Different processes -> different combinations of a,b,cross-section

--> can cross-check our results and interpretation
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RHIC Spin : Colliding beams of polarized 
partons
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P 2
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R =
L++

L+−
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≈
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× 0.3 × 0.6

g+q->g+q

• Need to measure helicity dependent yields, N, Polarization, P, Relative Luminosity, R
• Expect asymmetries at small scattering angles to be tiny  (small analyzing power)
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RHIC Spin : Colliding beams of polarized 
partons

• Interpretation of results relies on pQCD 
• high pT and sqrt(s) help to reduce

dependence on unphysical scales µ
 (M. Stratmann, W. Vogelsang)
• Important to show that this framework is

reliable : to do that, see if pQCD can
correctly predict cross-sections observed 
at RHIC sqrt(s), pT



9D. Kawall, UMass and RBRC    Results of the PHENIX Spin Program at RHIC SPIN-Praha-2008

PHENIX (and STAR) data well described by pQCD

• π0 cross-section at mid-rapidity
well described by NLO pQCD

A.Adare et al, Phys.Rev.D76,051106(2007)

• γ cross-section at mid-rapidity
well described by NLO pQCD
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RHIC : The world’s only polarized proton collider
• Luminosity ~ few x1031 cm-2sec-1 at Sqrt(s) = 200 GeV, P ~ 60% 
• Future : L ~ 2x1032 cm-2s-1,  Sqrt(s)=500 GeV,  P ~ 70% 
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RHIC : The world’s only polarized proton collider
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RHIC Optically Pumped Polarized Ion Source (OPPIS)

Rb cellRb cell

SCS solenoidSCS solenoid

Probe
laser

CryopumpsCryopumps

Pump
laser

28 GHz ECR Proton 
Source Na jet ionizer cell

• Polarized proton blowtorch : 80+ % polarization, ~1 mA H-, 200 microsecond
pulses at 7.5 Hz -> 4x1011 protons at 200 MeV after RFQ and Linac 
(Anatoli Zelenski)
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How the Bunches Collide in RHIC
• Same bunches from each ring collide with each other at 78 kHz
• Spin pattern alternates with every bunch crossing  (106.5 ns)
• Collecting ++,+-,--,-+  simultaneously (i.e. in same run) reduces systematics
• Possibility of developing false asymmetries are reduced 
• 56 crossings in 2001-2004, up to 111 colliding pairs in 2006,2008

• Great Tools : Spins can be flipped and colliding pairs can be altered
(still in commissioning phase)

• bunch-by-bunch differences in luminosity and vertex 
distribution are investigated carefully
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Proton Beam Polarimetry : pC CNI Polarimeter

• CNI : analyzing power, AN,
from interference of hadronic 
non-spin flip  and EM spin flip
amplitudes

• In p-Carbon,  AN ~ 1-2%
• Need 107 events - but cross section
large - just takes a few minutes

• AN absolute calibration from elastic
pp scattering from polarized H gas
jet target

•

• PB measured several times per store  

PB = −
1

AN

NLeft − NRight

NLeft + NRight
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PHENIX Local Polarimeter

• Stable spin direction vertical - spin rotators enable longitudinal collisions
• PHENIX discovered analyzing power in neutron production at low pT

and high xF in pp collisions at Sqrt(s)=200 GeV
• Neutrons identified in ZDC + Shower Max Detector

~18 m
10cm (±2mrad)

Blue beam Yellow beam

Blue Yellow

Blue Yellow

ZDC ZDC

Spin Rotators Off

Spin Rotators On
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PHENIX Detector

π0, η, γ detection
• Electromagnetic Calorimeter

• PbSc, PbGl
• High pT photon trigger to collect
      π0's, η’s, γ’s 
• Acceptance: |η|<0.35, φ = 2 x π/2
• High granularity (~10*10mrad2)

π+/ π−

• Drift Chamber (DC) for Charged Tracks
• Ring Imaging Cherenkov Detector (RICH)
• High pT charged pions (pT>4.7 GeV).

Relative Luminosity
• Beam Beam Counter (BBC)

• Acceptance: 3.0< η<3.9
• Zero Degree Calorimeter (ZDC)

• Acceptance: ±2 mrad

Local Polarimetry
• ZDC
• Shower Maximum Detector (SMD)
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PHENIX Detector
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Kinematical Coverage @ 
200GeV

0        1         2        3         4        5
Rapidity

• Modest coverage, but high granularity, good mass resolution, particle ID
• Excellent rate capability : 5000 Hz written to tape
• 32 different Level-1 triggers
• Coverage will improve significantly (see Atsushi Taketani’s talk)

0o CAL

• MPC : muon piston
calorimeter

• Lead Tungstate
• detect π0 in forward

3.1 < |η| < 3.65

• Muon arms :
1.2 < |η| < 2.2

•BBC : min. bias trigger,
luminosity monitor

• ZDC : luminosity monitor,
local polarimetry,
sees photons, neutrons
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PHENIX Polarized Proton Running History

Longitudinally Polarized Runs

1.9 nb-127.35 pb-12002003 (Run 3) 
3.1 nb-140.12 pb-12002004 (Run 4)

57
48

49

Pol [%]

1100 nb-17.5 pb-12002006 (Run 6)
4.2 nb-1.08 pb-162.42006 (Run 6)

200 nb-13.4 pb-12002005 (Run 5)

FOM (P4L)Recorded L√s [GeV]Year

Transversely Polarized Runs

3.4 nb-115.15 pb-12002001 (Run 2)

57
48
47

Pol [%]

880 nb-12.7 pb-12002006 (Run 6)
4.6 nb-1.02 pb-162.42006 (Run 6)
38 nb-1.16 pb-12002005 (Run 5)

FOM (P2L)Recorded L√s [GeV]Year

2008 (Run 8) 200 5.2 pb-1 45 1000 nb-1
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Physics Results : ALL of π+, π− at sqrt(s)=200 GeV

• ALL of π has contributions from ∆g x ∆g, ∆g x ∆q, and ∆q x ∆q scattering

Fractional contributions to π production 
• Low pT,  ALL of π depends on (∆g)2

(insensitive to sign of ∆g(x))
• High pT, ALL of π depends on ∆g x ∆q
• High pT, ALL

• If ∆g > 0, expect :
ALL(π+)>ALL(π0)>ALL(π−)

• Maximum analyzing power for ∆g
using π+

∝∆g ∆u Duπ +∆d Dd
π⎛ 

⎝ 
⎜ 

⎞ 
⎠ 
⎟ 

(From W. Vogelsang, M. Stratmann)
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Physics Results : ALL of π+, π− at sqrt(s)=200 GeV

• Pions copiously produced
• Potential for high statistics
• Currently no trigger at PHENIX
• Cross section being extracted
• ∆G(Q2=1) = 0.4 in GRSV-std
• ∆G(Q2=1) = 0.1 in GRSV-0
(M. Glück, E. Reya, M. Stratmann, and W. Vogelsang, Phys. 

Rev. D 63, 094005 (2001)

• Different fragmentation functions for
  π+, π0, π− imply sensitivity to different

quark flavors
• Consistency of ∆g extracted from 3

independent π asymmetries good check
on pQCD global analysis methods

• GRSV ∆g(x)=g(x) excluded 
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Physics Results : Direct Photons at sqrt(s)=200 GeV

Run3 PRL 98,012002

ALL ∝
∆g(x1)
g(x1)

⊗
∆q(x2)
q(x2)

⊗ ˆ a LL (gq → γq)

• Sensitive to sign and magnitude of ∆g
• No convolution over fragmentation

functions - theoretically clean
• A rare probe, poor statistics, large
background from π0, η etc. decays

• use isolation cut, works best at high pT
2P 2 2x P

1P
1 1x P

γ

∆q∆q
∆g∆q
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Anticipated Results : ALL of Direct Photons at sqrt(s)=200 GeV
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Physics Results : ALL of π0 at sqrt(s)=200 GeV

• π0 produced in large quantities
• easy to trigger on, reconstruct
• detect two photons from π0-->2γ
• pQCD predicts cross section well
• asymmetry sensitive to ∆g(x)
• Run5/Run6 results included in recent

DSSV global analysis of pol. PDFs  

PRD 76,051106, PRL 91,241803
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Physics Results : ALL of π0 at sqrt(s)=200 GeV
• Identify π0 from 2γ invariant mass peak,  extract ALL (π0 + BG1) and ALL(BG2)

• Fit π0 peak and get combinatorial background fraction

• Subtract ALL(BG2) ~0, from ALL(π0 + BG1) to get ALL(π0)
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Physics Results : ALL of π0 at sqrt(s)=200 GeV

PRD 73,091102/PRL 93,202002/PRD 76,051106

• Asymmetry involves gg, and qg scattering, acquire sensitivity to ∆g(x) 
• Statistics sufficient to distinguish GRSV-std from GRSV-0 models
• To interpret, note each pT corresponds to wide, model-dependent range in xgluon
• Inclusive channels not so sensitive to variation of ∆g(x) within measured x range 

Log10(xgluon)
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Physics Results : ALL of π0 at sqrt(s)=200 GeV
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Physics Results : ALL of π0 at sqrt(s)=62.4 GeV

arXiv:0801.4555

200 GeV
62.4 GeV

• Cross-section described with NLL
(Vogelsang et al.)

• Probes a higher range in xb since
x ~ xT = pT / sqrt(s)/2,
lower sqrt(s) probes higher x, and
vice versa

(J.Seele)
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Physics Results : ALL of π0 at sqrt(s)=62.4 GeV

(Grey band reflects uncertainty in relative luminosity)
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Physics Results : ALL of π0 at sqrt(s)=62.4 GeV

• xT = pT / sqrt(s)/2, lower sqrt(s) probes higher x, and vice versa
• Run 5 200 GeV 2.7 pb-1, Run 6 62.4 GeV 0.04 pb-1
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Physics Results : ALL of η at sqrt(s)=200 GeV

Run3 PRC 75,024909

• Copiously produced, ~1/2 of π0 yield
• Detect 40% which decay to diphotons
• Stronger coupling to gluon/strange
• Will be important at 500 GeV -photon

merging at higher pT
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Physics Results : ALL of η at sqrt(s)=200 GeV
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Physics Results : Implications of ALL Measurements on ∆g(x)
• RHIC results included for the first time in a global analysis (DSSV)
•

• D. de Florian, R. Sassot, M. Stratmann, W. Vogelsang, arXiv:0804.0422 [hep-ph]
• Used PHENIX ALL π0 and STAR ALL inclusive jet in fits to ∆g(x) with DIS, semi-DIS
• Results show ∆g(x) small

d∆σ = dxadxbdz ∆fa(xa,Q2) ∆fb(xb,Q2) d ¦ ∆ σab(xa,xb, pT ,αs(Q2)) Dc
π (z,µ)∫

ab
∑
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Physics Results : Implications of ALL Measurements on ∆g(x)

•

• data prefer a node in ∆g(x) around x~0.1
• future fits will allow different func.forms
• ∆g(x) small, integral negative !
• bulk of integral in unmeasured x<0.05

region, true for Gehrmann-Stirling C
as well

• important to measure at small x !!!

x∆g(x,Q2)= Nxα(1− x)β(1+η x)

( Green band ∆χ2=1; Yellow band ∆χ2/χ2=2%) 
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Importance of Determining ∆g(x) at low x

• The bulk of the first moment may be at low x

• Gehrmann-Stirling C : ∆G(x=0-->1) = 1,  but ∆G(x=0.02-->0.3) ~ 0
• GRSV-0 : ∆G(x=0-->1) = 0,  and ∆G(x=0.02-->0.3) ~ 0
• GRSV-std                : ∆G(x=0-->1) = 0.4, and ∆G(x=0.02-->0.3) ~ 0.25   
• DSSV                   : ∆G(x=0-->1) =-0.1, and  ∆G(x=0.001--> 1) ~ 0.01     

∆G = ∆g(x)dx
0

1

∫

x

x∆
G

( x
)

GRSV std

present 
x-range

present 
x-range

GSC
• Will need theoretical guidance to determine first moment
• Brodsky suggests ∆g(x) ~ x g(x) at low x
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Physics Results : Implications of ALL Measurements on ∆g

• Projected impact of Run 9 results
• Assume 25 pb-1 recorded, 60% 
pol
• ALL statistical errors cut in 1/2
• Starting to see real progress in

determining ∆g

To Improve :
• need to go to lower x

• run at 500 GeV
• recall x ~ pT/sqrt(s)
• should get factor 2.5 lower x

• Expand detector acceptance
(-0.35<η<0.35, ∆φ=π) --> upgrades

• do correlation measurements
(reconstruct partonic kinematics
xa, xb)

• more running time !!!
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Physics Results : Implications of ALL Measurements on ∆g

• ALL π+

• ALL π0

• ALL π-

• Using DSSV best fit to all data, can “predict” pion asymmetries
• Above plot (for 200 GeV cm energy) shows asymmetries very small
• Ordering ALL π+ > π0 > π- since ∆g(x) mostly > 0 in x range probed by ALL π
• Will need millions of events at pT > 6 GeV/c to measure, several years
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Long Term p-p Luminosity Projections

• With increased luminosity, run time, detector upgrades --> Best is yet to come !
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Long Term p-p Luminosity Projections : Best is yet to come
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W Physics with the PHENIX Detector at RHIC

• W-->eν in central arms, 25 pb-1

for W+, 4 pb-1 for W-

(RhicBos, Nadolsky and Yuan)

• Will need 1000 pb-1 delivered to
get order 10K events

• Beat down QCD background with
E/p, shower shape, isolation cuts

• Asymmetries reasonably large

• Expect to distinguish different
polarized sea quark distributions

• x range overlaps with HERMES,
but primarily at higher x
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