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Polarimetry: Impact on RHIC-SPINPolarimetry: Impact on RHIC-SPIN

ALL =
1

Pbeam
2

N↑↑ − N↑↓

N↑↑ + N↑↓

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ ⇒ ΔG

AN =
1

Pbeam

N↑ − N↓

N↑ + N↓

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

Physics AsymmetriesSingle Spin Asymmetries

Double Spin Asymmetries

Polarization measurement 
by Elastic pp/pC

Polarized proton Recoil carbon

90º in Lab frame

Carbon target

↓↑
LL NN or  

↓↑
RR NN or  

↓↑ or
Pbeam = −

εN

AN
pC

εN =
NL − NR

NL + NR

Pbeam Required 
Accuracy ~5% 
Pbeam Required 
Accuracy ~5%

  
r 
p p(p

r 
p ) /

r 
p C



AN at Coulomb Nuclear Interference (CNI) RegionAN at Coulomb Nuclear Interference (CNI) Region

AN ≈ C1φ flip
em *φnon− flip

had + C2φnon− flip
em *φ flip

had

∝ σ pC
had∝ (μp −1) ∝αs

t ? Reggen/Pomeron 
exchange

zero hadronic 
spin-flip

With hadronic 
spin-flip (E950)

Phys.Rev.Lett.,89,052302(2002)

pC Analyzing Power

Ebeam = 21.7GeVEbeam = 21.7GeV

(High energy & small t limit)

Ebeam = 100 GeVEbeam = 100 GeV

unpublished

Run04

±9%



RHIC PolarimetersRHIC Polarimeters

BRAHMS & PP2PP (p)

STAR (p)
PHENIX (p)

AGS

LINAC BOOSTER

Pol. Proton Source
500 μA, 400 μs

Spin Rotators
Solenoid Snake

Siberian Snakes

200 MeV Polarimeter

AGS pC CNI PolarimeterAC Dipole

RHIC pC Polarimeters
Absolute Polarimeter (H jet)

RHIC

Siberian Snakes

Cold Snake

Warm Snake
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Gas Jet Elastic  
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vs.

Can measure polarization w/o 
knowing AN

Statistically poor
2 days to accumulate 5% statistics
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Elastic ppElastic pp Elastic pCElastic pC

• Need to normalize AN by
Statistically abundant 
2% statistical precision 
can be achieved in 20
seconds
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Run05 SetupRun05 Setup
JET target

Si detectors (8×5cm)

width = 4.4mm/strip

beam

left right

Left-right pairs

Recoil chamber

2000m/s

80cm



pC Polarimeter SetuppC Polarimeter Setup
Ultra thin Carbon 
ribbon Target
(3.5μ g/cm2)

11

3344

55

66

22

Si strip detectorsSi strip detectors
(TOF, E(TOF, E CC ))

18cm18cm
10mm10mm

2mm pitch 12 strips2mm pitch 12 strips

72 strips in total72 strips in total

Redundancy

Systematic/Consistency Check

Redundancy

Systematic/Consistency Check

Detector port (inner view)Detector port (inner view)

SSDSSD



Target

L

Energy CorrectionEnergy Correction

T = Tdeposit + ΔT(Δx)
(adc×Cα

 

) (effective deadlayer)

(t0 ,Δx) Kinematic Fit(t0,Δx) Kinematic Fit

Tdeposit + ΔT(Δx) =
1
2

M L2

tmeas + t0( )2

~ 30%



Effective DeadLayer



QA
Software Anomaly Checker

Checked all strips (reasonable dead-layer, 
good invariant mass)
Bunch by bunch asymmetry consistency

Longitudinal target position



Polarization Profiles



Consistency within Fill

Strong Correlation with Rate



Blue Polarization Profile

Consistent with no profile
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Yellow Polarization Profile

σp

σL



Hydrogen Gas Jet and Carbon Wire Targets
Gas Jet Target Carbon Wire Target

Beam Cross Section
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FWHM~1.8mmFWHM~1.8mm

Average Pave Peak Ppeak



Peak -> Average Polarization
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Pbeam =
εN

AN
Run 04

Normalization with       jet

平均Pbeam
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Fill By Fill Average with Δprof
ΔPtot = σ sta
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Comparison between pC vs. Jet (Blue)
(60 Bunch Mode)

(120 Bunch Mode)

Duration from the fist measurement[day]
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pC polarization average

Jet Polarization Average

•Compared Average polarizations measured by pC and Jet.
•They are consistent within 1%.



pC vs. Jet (Yellow) 

pC Average polarization are scaled by 0.93. It accounts for 
profile correction to covert from peak to average polarization. 
As a consequence, pC and jet polarizations agree within 1%.



Jet Normalization

60 bunch 120 bunch

P pC P p p

P pC P p p

Normalization factors are estimated by averaging over two 
periods. Blue and yellow obtained normzliations of 1~ 2%.



Jet Normalization Summary

Blue

Yellow

AN
Run05 = AN

Run 04 • S ± Δσ sta ± σ sys
jet ± Δ prof( )

AN
Run05 = AN

Run 04 • 1.01± 0.03± 0.02 + 0.04( )

AN
Run05 = AN

Run 04 • 1.02 ± 0.03 ± 0.02 ± 0.05( )

S ~ 1 Consistent with Run04
S ~ S Consistent Blue & Yellow Polarimeters

ΔAN = 5.9%

ΔAN = 6.2%



Systematic Error Summary
ΔPfill /Pfill

Blue Yellow

Global ΔAN
gl 5.9 6.2

ΔPfill
sta ΔPfill

sta ΔPfill
sta

Energy Correction σdl 1.5 1.7

ΔCprof 4.3 5.7

σprof (R) 0.0 σprof (R)

ΔP
fill

tot /Pfill = ΔAN ± ΔPsta ± σ dl ± ΔCprof ± σ prof (R)

%9~ Subject to be vanished with combining fills.



Run04 & Run05 Systematic Errors
Run04 (Yellow) Run05(Yellow)

Total 16.6 % 6.2%

Jet Normalization 8.5% 3.6%
Dead-Layer 9.8% negligible

Ran Jet for both Blue and Yellow Beam
Various Modifications in ADC vs. ToF fitting

Online/Offline 9.3% 0%
Full event mode analysis

Polarization Profile 0 % 5%
Strong Profile in Run05



Conclusion

Beam polarizations for Run05 at RHIC are 
precisely measured.
Achieved 6% precision of the polarization 
measurement (factor 2 ~ 3 smaller than 
Run04).
Uncertainties are dominated by the 
polarization profile error for Run05.



Backup Slides



Systematic Uncertainties for 
Fill Average Polarization 



Energy Calibration
Fitting Error < 0.01%

~50keV/ch
ADC [ch]

11

3344

55

66

22

α

241Am

5.486 MeV (85%)
5.443 MeV (12%)

Eα



Energy Correction History (blue)

Radiation Damage Effect



Energy Correction Projection (Blue)

ΔP P ~ 1.5%



Sin(phi) fit chi2 (blue)



Fill By Fill Summary
ΔPfill /Pfill

Blue Yellow

Global ΔAN
gl 5.9 6.2

ΔPfill
sta ΔPfill

sta ΔPfill
sta

Energy Correction σdl 1.5 1.7

ΔCprof 4.3 5.7

σprof (R) 0.0 σprof (R)

ΔP
fill

tot /Pfill = ΔPsta ± σ dl ± ΔCprof ± σ prof (R)



Fill By Fill Average



Universal Rate vs. Polarization (Yellow)

P = L
σ L

σ P

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
2

σ L

σ P

= 0.38

Reject Data Universal Rate < 0.5

Fill#
7002(2hour)
7045(~3)
7294(~4)

Fill#
7002(2hour)
7045(~3)
7294(~4)



Rate Distribution for given target (Yellow)



Universal Rate vs Polarization (Blue)
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Rate vs. Polarization Correlation (Blue)

Universal Rate = Ratei /Rmean



Rate Distribution for given target (blue)



Measurement Rates 



Rate vs Polarization Profile
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Three Polarization Profiles
Rate -> xpos -> Polarization



Yellow 7151



Data Quality at Edge of Profile



3 Profile Data Sets from Run05

7133.106 ~ 7133.115

7151.107 ~ 7151.119

7151.007 ~ 7151.019



Problematic Strip Statistics

M-E Corr

GausFit χ2

Position

Width

WFD issue



Energy Correction History (Yellow)



DeadLayer vs. Pol Dependence 
(Blue)



Strip by Strip Consistency

χ2 Distribution of sin(φ) fit
Well Distributed around 1
Evidence of Consistent Polarization Measurements 
by individual strips
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