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RHIC Polarimeter Requirements

• Must provide fast (minutes) and reliable measurements
• Tool to tune snakes and possibly spin rotators at various 

energies, from injection @ 24 GeV to 250 GeV
• Device must fit in Q3 to Q4 (~35 m) warm straight of RHIC
• Disturbance to the RHIC beam must be minimal
• Provide absolute polarization measurement for experiments
• RHIC Spin Program requires ∆Pbeam / Pbeam < 0.05
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RHIC polarized proton accelerator complex

BRAHMS & PP2PP 

STAR

PHENIX

AGS

LINAC
BOOSTER

Pol. H- Source

Spin Rotators
(longitudinal polarization)

Siberian Snakes

200 MeV Polarimeter AGS Internal Polarimeter

Rf Dipole

RHIC pC PolarimetersAbsolute Polarimeter (H↑ jet))

AGS pC Polarimeters

PHOBOS

Spin Rotators
(longitudinal polarization)

Spin flipper

Siberian Snakes

Warm Helical Partial Snake

Strong AGS Partial Snake
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Basic Designs
Strategy: A fast relative polarimeter calibrated with a polarized 
jet target

• Four target holders to provide 
redundancy in the case of ribbon 
breakage.

• Two axes for polarization profile 
measurement in both plane;  also more 
targets to use

• 45 degree detectors to measure both 
vertical and radial components of 
polarization. 

• Taping structure to reduce impedance 
impact.



Haixin Huang6

Carbon Target
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• Thickness ~5 µg/cm2 (25 nm, only 
∼1 00 atomic layers)

• Width 5—15 µm with 25 mm length

• Dimension ratio is 1 : 200 : 2000000

• The target can survive the bright 
RHIC proton beams. 

• Small effect on the stored beam 
lifetime, allows tens of 
measurements in a single store

• Advanced technique developed at 
Indiana University and transferred to 
BNL now

120 bunch

60 bunch
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Elastic pC Scattering at Low t
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Carbon

polarized
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scattered
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target

t = (pout – pin)2 < 0
≈ Tkin × 2 MC

0.005 < |t| < 0.05 (GeV/c)2
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1. AN from interference of spin non-flip and spin flip amplitudes
⇒ spin dependence is from em spin-flip amplitude
⇒ hadronic spin flip is possible, so AN must be calibrated by 

experiment (jet) 

2. Polarimetry
− almost “calculable”
− small AN ~ 1 − 2 % ⇒requires large statistics > 107

− large cross section
− weak beam momentum dependence (p > 20 GeV/c) if any
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DetectorDetector Setup + DAQSetup + DAQ

Ultra thin Carbon 
ribbon Target
(5µg/cm2)

11

3344

55

66

22

SiSi strip detectorsstrip detectors
(TOF, E(TOF, ECC))

1515cmcm

Thin dead layer for low  energy Thin dead layer for low  energy 
carbon spectroscopy carbon spectroscopy 

Wave Form Digitizer (WFD)Wave Form Digitizer (WFD)
20M events / 20sec
- Pulse Height    - Bunch ID
- TOF                 - Integral (Q)

Select carbons at onSelect carbons at on--board LUTboard LUT
ScalerScaler datadata
Asymmetry calculationAsymmetry calculation
Online results (toOnline results (to experiments)experiments)

Event by event dataEvent by event data

~50ns
~100mV

BunchBunch Next BunchNext Bunch
(213ns)(213ns)

Shaped Si Signal

offline

online

all Si strips
parallel to the beam

Beam

Recoil carbon 
distribution

12 x 6 strips (10mm x 2mm pitch)
Stored in onStored in on--board memoryboard memory
Used for offline detailed studyUsed for offline detailed study
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Recoil carbon PID Recoil carbon PID àà Asymmetry calculationAsymmetry calculation

Asymmetry calculationAsymmetry calculationParticle ID (banana cut)Particle ID (banana cut)
Clear separation from backgrounds using Clear separation from backgrounds using 
TOF measurementTOF measurement

3 σ Mass cut

Ti
m

e 
of

 F
lig

ht
 (n

s)

Energy (keV)   

Invariant Mass

MMCC ~ 11.17~ 11.17 GeVGeV
σσ MM ~ 1.5~ 1.5 GeVGeV

carboncarbon

alphaalpha

promptsprompts
With alternating spin pattern (+,-,+,-)
square-root formula

Pbeam=ε N /ANnonnon--relativistic kinematicsrelativistic kinematics
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PPolarization Measurements during RHIC Fillolarization Measurements during RHIC Fill

24GeV 100GeV

24GeV 100GeV

In BLUE RINGIn BLUE RING

In YELLOW RINGIn YELLOW RING

Online ResultsOnline Results
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Physics asymmetryPhysics asymmetry

False asymmetry False asymmetry 
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Cross (Forbidden)Cross (Forbidden)

15M events /points
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Raw Asymmetry vs. Raw Asymmetry vs. tt

XX--9090

XX--4545

XX--averageaverage

Regular calibration measurementsRegular calibration measurements

Cross asymmetryCross asymmetry

Radial asymmetryRadial asymmetry

False asymmetry ~0

good agreement btw X90 vs. X45

0.020.01 -t (GeV/c)2

Measurements taken with running JetMeasurements taken with running Jet--target in parallel target in parallel 
very clean asymmetry valuesvery clean asymmetry values
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Beam Polarization Profiles

Capability of polarization profile measurement was demonstrated.
Polarization profiles are flat in the middle part of the beam profiles, which is most important to 
experimenters. 
The polarization drop at the edges of beam could have two possible sources: inherited from AGS due to 
the way we correct intrinsic resonances (AC dipole); large amplitude particles have stronger resonance 
strength. Every polarization measurement will have this profile info (target scan through beam)

BLUE H scanBLUE H scan

BLUE V scanBLUE V scan

Yellow H scanYellow H scan

Yellow V scanYellow V scan

3mm 3mm

3mm3mm

Polarization Polarization 
Beam IntensityBeam Intensity

H Scan H Scan ----horizontal horizontal 
scan with vertical scan with vertical 
targettarget

V Scan V Scan –– vertical vertical 
scan with scan with 
horizontal targethorizontal target
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Ramp measurements

As  demonstrated,  the polarimeters can measure polarization along the ramp. 
Ramp measurement can provide location of possible polarization loss along the ramp. It is 
a very important tool in machine tuning, especially when exploring 250GeV acceleration.
It is important to have better orbit control on the ramp or target tracking the beam to 
separate polarization loss from polarization profile issues.

Beam Energy

Event rate

May 12May 12thth fill 5332fill 5332
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Spin Precession Measurements
Use AC dipole to excite spin precession
Measure vertical polarization component
Measure radial component using complete time stamp from each event 

revolution number
bunch crossing number

Ratio of vertical over radial component measures difference of drive 
tune and spin tune 
Some data were taken in last run and are under analysis

VERTICALVERTICAL

RADIALRADIAL
spin flip ~ a few sec.spin flip ~ a few sec.

Beam
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Polarized Jet
• RHIC absolute polarimeter

to calibrate pC polarimeters to < 5%

• Polarized Hydrogen Gas Jet Target
thickness 1.3*1012 p/cm2

polarization 92.4 ± 1.8%
FWHM      6 mm

• Silicon recoil detectors

• Measure AN
pp in pp elastic scattering in the 

CNI region to ∆ AN < 10-3 accuracy
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Success of Polarized Jet Commissioning Run
• In RUN 4 the jet was installed and took data with beam energies 

of 100 and 24 GeV respectively. 
• At 100 GeV, the analyzing power AN in pp elastic scattering in 

the Coulomb Nuclear Interference region was measured.  The 
average analyzing power over t interval of 10-3 and 10-2 (GeV/c)2 

was measured to 2% statistical accuracy. 
• From the jet online data the beam polarization over the same 

period was measured to be 0.37 +/- 0.02. Over the same period 
the Blue beam p-Carbon polarimeter reported a beam polarization 
of 0.38. No systematic error included.
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Asymmetry flips sign at every G γ = N and intrinsic res.
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Improvements to RHIC Polarimeters
•• Add more electronics to separate the readout of polarimeter in tAdd more electronics to separate the readout of polarimeter in two wo 

rings: rings: capable of ramp measurement for the two rings the same timecapable of ramp measurement for the two rings the same time
•• New application  to control the polarimeter (New application  to control the polarimeter (for non expertsfor non experts))
•• Measure polarization with target scanning through beam: Measure polarization with target scanning through beam: get get 

polarization profile in the same runpolarization profile in the same run
•• Fast DAQ readout (Fast DAQ readout (ramp/event moderamp/event mode))
•• Install coolers for Install coolers for SiSi detectors (detectors (extend extend SiSi detector life timedetector life time))
•• Expand Expand SiSi detector distance from beam by 3detector distance from beam by 3--5cm5cm
•• New FE boards and new preamp chips, new shaper boards and New FE boards and new preamp chips, new shaper boards and 

attenuator boardsattenuator boards
•• Computer controllable Power Supply/ Bias SupplyComputer controllable Power Supply/ Bias Supply
•• More detectors to increase acceptance (More detectors to increase acceptance (to compensate for limited target to compensate for limited target 

and and SiSi detector life timedetector life time)?)?
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Induced current free silicon design

The improvement in AGS CNI was 
a great success

Every second wire is ground line, 
from edge to edge.
Wide range of –t is available
Able to open the time window to 
very close to the beam crossing 

To apply this to RHIC
new vacuum feedthroughs
new detector mounts (ceramics)
R&D on the glue for the vacuum
new RF shields
add coolers 
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Summary
RHIC CNI polarimeters are reliable and stable.
Absolute calibration (of p+C) with the jet data at 24 and 100 GeV has 
started. Online (without considering systematic errors) results show 
that the AN we have used is about correct.
Separate readout of the polarimeters in two rings will enhance the 
performance of the polarimeters (ramp measurement in two rings at 
the same time)
Various changes in the detector front end electronics and vacuum
feed-through will address the induced current issue and the lifetime of 
the Si detector. 
New application is essential for the smooth operation of the 
polarimeter.  
The separated readout will be ready by the start of next run while the 
new front-end  electronics and fast readout will be ready in the middle 
of the run.
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Backup Slides
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AGS CNI Polarimeter

• Only 90 degree detectors installed.
•pC AN (–t)  dependence  are different 
at different AGS beam energies.

recoil Carbon energy (keV)

momentum transfer –t (GeV2/c2)

p = 3.9 GeV

p = 21.7 GeV

p = 9.7 GeV

pre
lim

ina
ry

CNI peak
~ 4 %

〈 PB 〉 ~ 73 %

〈 PB 〉 ~ 65 %

〈 PB 〉 ~ 47 %

p = 6.5 GeV

A
N

(%
)

〈 PB 〉 ~ 60 %

statistical errors only

60cm

Ultra thin Carbon ribbon 
Target

(5 cm long, 
3.5µg/cm2 ,600µm)

beam
view

Si strip detectors
(TOF, EC)
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Detector Distance Extension

1515cm (current design)cm (current design)

20cm (extended design)20cm (extended design)

300300keVkeV EEkinetickinetic thresholdthreshold

106106nsecnsec next bunchnext bunch

Extends 3-5cm from target
No induced currents assumed
Increase timing resolution
Reduce RF noise in the shaper 
boards

Faster signals
faster preamps, shaping
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“ONLINE” measured asymmetries
ONLINE   ≡ statistical errors only

no background corrections
no dead layer corrections
no systematic studies
no false asymmetries studies
no run selection

data divided into 3 p energy energy bins

“Target”:
average over
beam 
polarization

“Beam”:
average over
target
polarization

an example: 750 < EREC < 1750 keV

ett

beam
ettbeam PP

arg
arg ε

ε⋅−= 〈 Pbeam 〉 =  37 % ± 2 %
〈 Pbeam (pC CNI) 〉 = 38 %

No major surprises ?
(statistical errors only !)

blue beam with alternating bunch 
polarizations: ↑ ↓ ↑ ↓ ↑ ↓ …

good uniformity from run to run
(stable JET polarization)
JET polarization reversed
each ~ 5 min.1 run ~ 1 hour
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n 
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