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P b S iti t Q k Fl i P l i d P tProbes Sensitive to Quark Flavor in Polarized ProtonsQ

Advantage: Only probing
**

Advantage:  Only probing 
one protonγγ**ee-- XX
one protonγγee XX
Disadvantage: Need to knowDisadvantage:  Need to know 
Fragmentation Functions very

dd
Fragmentation Functions very 

llu,du,d well.u,du,d

l i d SIDISpolarized SIDIS Advantage: Noνp Advantage:  No 
Fragmentation Function

ν
Fragmentation Function

Disadvantage: Probing 2Disadvantage:  Probing 2 
protons Can’t measure WWW μe protons.  Can t measure W 
di tl

WW μ,e
directly.du du,

l i dpolarized pp Complementarydu p pp
scattering

Complementary 
M t !

du,
scattering Measurements!
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Combining Measurements withCombining Measurements with 
2005 DNS Global Fit

g
Global Fits

New DSS FF which include
Global Fits

Δ)( uux Δ+Δ
New DSS FF which include 
RHIC and HERMESvuxΔ)( uux Δ+Δ RHIC and HERMES 

l i d d tunpolarized data

2008 DSSV Global Fitpolarized RHIC data 2008 DSSV Global Fitpolarized RHIC data 

vdxΔ)( ddx Δ+Δ more SIDIS data

Δ ΔduxΔ xΔd xΔu xΔduxΔ xΔd xΔd 

Δ ΔxΔs xΔgx g
ti d ti d di t ib tianti-u and anti-d distributions 

small but not well constrainedsmall, but not well constrained 
(positive? negative? nodes?)(positive? negative? nodes?)
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h C C llid
vv

The RHIC Colliderpp vv+The RHIC          Colliderpp+

Absolute Polarimeter (H jet)
Siberian Snakes

RHIC pC PolarimetersAbsolute Polarimeter (H jet)
Siberian Snakes

PHENIX (p) Spin flipper

STAR (p)STAR (p)
Spin Rotators

(l i di l l i i )
Spin Rotators

(longitudinal polarization)
Spin Rotators

(longitudinal polarization)
Solenoid Partial Siberian Snake

(longitudinal polarization)

LINACLINAC
BOOSTER

i iPol. H- Source Helical Partial 
Sib i S kAGS200 MeV Polarimeter
Siberian Snake

200 MeV Polarimeter

AGS Polarimeters

Strong AGS Snake
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The PHENIX ExperimentThe PHENIX Experiment
Philosophy (initial design):

+/+/
Philosophy (initial design):

ee+/+/-- High rate capability & granularityHigh rate capability & granularityHigh rate capability & granularityHigh rate capability & granularity
G d l ti & ti l IDG d l ti & ti l IDGood mass resolution & particle IDGood mass resolution & particle ID
S ifi tS ifi tSacrifice acceptanceSacrifice acceptance

μ+/ μ -μ / μ
Muon Tracking DetectorMuon Tracking Detector
Muon IdentifierMuon Identifier

Rapidity: 1 2 < η <2 2 (2 4)Rapidity: 1.2 < η <2.2 (2.4)
Δφ = 2 πΔφ = 2 π

Rapidity: |η| < 0 35Rapidity:  |η| < 0.35
Δφ = 2 * (π/2)Δφ = 2 * (π/2)

π0/γ/η μμ+/+/--π0/γ/η
El i C l i

μμ
Electromagnetic Calorimeter

π+/π-/
Drift ChamberDrift Chamber
Ring Imaging Cherenkov CounterRing Imaging Cherenkov Counter 

e+/e-e+/e-

HBD
RPCs

HBD
RPCs
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d i iW Production BasicsW Production Basics

νSince W is maximally parity violating large measured
/μνSince W is maximally parity violating large measured 

Δu and Δd require large asymmetries e/μνΔu and Δd require large asymmetries.

+++ ++ e/μ+W e/μWW
uuuu No Fragmentation!uuuu No Fragmentation!u u u u 

+→Wdu →Wdu
−→Wud dddd→Wud dddddddd

)(d)Δ ()) ((dΔ↓↑ )(xd)Δu(x))u(x(xdΔσσAW 2121 −∝−=
↓↑

+

))u(x(xd)(xd)u(x
AL +

∝
+

=
↓↑ ))u(x(xd)(xd)u(xσσ 2121 ++ ↓↑

Si il i f W t t Δῡ d ΔdSimilar expression for W- to get Δῡ and Δd…
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W’ i th PHENIX A tW’s in the PHENIX AcceptanceW s in the PHENIX Acceptance

PHENIX Central Arms PHENIX Muon ArmsPHENIX Central Arms PHENIX Muon Arms

C t l A d t M W’ !Central Arms are ready to Measure W’s!

Muon Arms require a bit of work butMuon Arms require a bit of work, but 
ill b d f th t 500G Vwill be ready for the next 500GeV run
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’ i h C l +/+/W’s in the PHENIX Central Arms ee+/+/--W s in the PHENIX Central Arms

pp π+X350 pp → π+X   
pp π-X

35.0<η
pp → π-X

W+X
GeVs 500=

pp → W+X
W X Rapidity:  |η| < 0.35pp → W-X p y |η|

↓↑ ↓↑ −σσ 300 pb-1

↓↑
= σσAL

p
70 pb-1

↓↑ +σσ
AL 70 pb

+σσ
+eLACentral −eLACentralPions: NLO pQCD Calculation eL  A Central eL  A CentralPions: NLO pQCD Calculation 

from W Vogelsangfrom W. Vogelsang

W: RHICBOS (Nadolsky, Yuan )

Assumes 70% polarizationp

N b k d d t tNo background or detector 
resolution included
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W’s in the PHENIX Muon ArmsW s in the PHENIX Muon Arms
A bit of development necessaryA bit of development necessary…

Design Luminosityg y
√s = 500 GeV σ=60mb√s = 500 GeV  σ=60mb

L = 1 6 x1032/cm2/sL = 1.6 x1032/cm2/s PYTHIA

T t l X t 9 6 MHTotal X-sec rate＝9.6 MHz

DAQ LIMITDAQ LIMIT
W signal=1-2 kHz （for μ W signal 1 2 kHz （for μ 

）arm）

Required RFRequired RFq
10 00010,000

BUT
Need Momentum Selectivity in

BUT
Need Momentum Selectivity in 
th LVL 1 T iMuID LL1 (current trigger) the LVL-1 TriggerMuID LL1 (current trigger)

RF 200 500
gg

RF=200 ~ 500
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RPC
The PHENIX Muon Trigger

RPC
The PHENIX Muon Trigger

Rapidity: 1.2 < η <2.2 (2.4)p y η ( )

μμ+/+/--μμ

RPCRPCs

B

U d d T i C fi tiMUID Upgraded Trigger ConfigurationMUID                 
(only existing trigger) Highly segmented Muon New Resistive Plate(only existing trigger)

Tracker.  Currently being 
New Resistive Plate 

Chambers add better
No momentum instrumented with triggering 

Chambers add better 
timing less background

selectivity!
gg g

electronics
timing, less background 

sensitivitysensitivity
Muon Tracker FEEs are currently being installed and RPCs are now in production (!!)Muon Tracker FEEs are currently being installed, and RPCs are now in production (!!)
See talk by Yoshinori Fukao Wednesday 10:00 in the ‘Future Facilities’ session
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W’ i th PHENIX M A //W’s in the PHENIX Muon Arms μμ+/+/--W s in the PHENIX Muon Arms μμ

RPCs

PYTHIA 300 b 1PYTHIA 300 pb-1

1300 pb-1p

WW 
signalsignal 

full reconstruction Backgrounds•full reconstruction, Backgrounds 
i l d d 70% l i iincluded, 70% polarization

•Signal from RHICBOS (Nadolsky,Signal from RHICBOS (Nadolsky, 
Yuan )Yuan )
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Transversely Polarized ProtonsTransversely Polarized Protonss s y o d o o s

ν
σσ

e/μν
RightLeft σσ

A
−

=++ e/μ+ N σσ
A

+
=e/μ+W

RightLeft σσ +W

uuuuuuuu
W Asymmetries (can’t be measured)W Asymmetries (can t be measured)

dddddddddddd
Fairly large predicted asymmetriesFairly large predicted asymmetries 
f fl i f k Sifor flavor separation of quark Sivers 
function!

W e Asymmetries (can be measured !!)W → e Asymmetries (can be measured !!)

Z Kang J W QiuSivers Function Z. Kang, J.W. Qiu
Xi 0903 36291

Sivers Function
arXiv:0903.3629

)ˆˆ()(1)()( ×Δ+≡ kpSkxfkxfSkxf N vv
)(),(

2
),(),,(

/// ⊥⊥⊥⊥ ×⋅Δ+≡ ↑↑ kpSkxfkxfSkxf
hqhqhq 2 /// hqhqhq
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The work has already begunThe work has already beguno s dy gu

2009 RHIC p+p run at G V5002009 RHIC p+p run at GeVs 500=

PHENIX d d 10 b 1PHENIX recorded ~10 pb-1

Special streams of data wereSpecial streams of data were 
d d i kl dproduced very quickly and are 

already being analyzed to sort out y g y
issues related to the higher energyissues related to the higher energy 
and luminosityand luminosity.

Stay Tuned!Stay Tuned!
Event Display of a Candidate W eventEvent Display of a Candidate W event
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ν

Summary WW μSummary WW μ,e
du,,

• W measurements at RHIC provide complimentary d• W measurements at RHIC provide complimentary 
t t SIDIS d t

du,
measurements to SIDIS data

M t l d ibl i th PHENIX• Measurements are already possible in the PHENIX 
central arms and analysis has started on 2009 RHIC y
datadata

• Upgrades are being tested and installed in the• Upgrades are being tested and installed in the 
PHENIX t b d f th t 500PHENIX muon arms to be ready for the next 500 
GeV run

• W bosons provide exciting possibilities for other p g p
flavour separated measurements!flavour separated measurements!
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B kB kBackupBackupBackupBackuppp
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P b t St d P l i d P t St tProbes to Study Polarized Proton StructureProbes to Study Polarized Proton Structure

**γγ**ee-- γγ**ee-- XXγγee γγee XX

dd ddu,d,su,d,s u,d,su,d,su,d,su,d,s u,d,su,d,s

polarized DIS polarized SIDISpolarized DIS polarized SIDIS

XXXX
dd u d s gu d s g

l i du,d,s,gu,d,s,g u,d,s,gu,d,s,g
polarized pp u,d,s,gu,d,s,g p pp
scatteringdd scatteringu,d,s,gu,d,s,gu,d,s,gu,d,s,g
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St t f L it di ll P l i d P tStructure of a Longitudinally Polarized Protong y

Th P tThe Past
The PresentThe Present         

( d f t )(and near future)
The Future

Naïve parton model:p
11 Gl l i d (ΔG)( )vv du Δ+Δ= 11 ⇒ Gluons are polarized (ΔG)( )vv22 ⇒ Sea quarks are polarized: F l t d i ti1989 EMC (CERN):

q p
11

For complete description1989 EMC (CERN):
ΔΣ 0 12±0 09±0 14 ( ) Gqq Δ+Δ+Δ= 11 include parton orbital ΔΣ=0.12±0.09±0.14 ( )qq

22
p

angular momentum L :2005 COMPASS: angular momentum LZ:

ΔΣ =0 33±0 03 ± 0 05 ( ) LGΔΔΔ11ΔΣ =0.33±0.03 ± 0.05
dd ΔΔΔΔΔΔΔ

( ) ZLGqq +Δ+Δ+Δ=
22  sdusdu Δ+Δ+Δ+Δ+Δ+Δ=ΔΣ 22

⇒ Spin Crisis (Precise knowledge of Lz will ⇒ Spin Crisis
require theoretical development…)
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Current Status of Structure FunctionsCurrent Status of Structure Functions

Unpolarized Longitudinally Polarized Transversely Polarized

Another talk…
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DSS F t ti F tiDSS F t ti F tiDSS Fragmentation FunctionsDSS Fragmentation FunctionsDSS Fragmentation FunctionsDSS Fragmentation Functions
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How has RHIC contributed?How has RHIC contributed?
PHENIX π0’s and STAR jets
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PHENIX π0’s and STAR jets 
id h i i ΔG
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provide the main constraint on ΔG 
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NLO clearly works at RHIC!NLO clearly works at RHIC!
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