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Physics Objectives and Facilities 2 of 18
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e Two operational detectors STAR and PHENIX

e Measure transverse and longitudinal spin
asymmetries
e Understand gluon polarization in the
proton spin structure
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AY. ~ 15% — quark contribution
Ag =7 — gluon contribution
L., =7 — orbital motion
e Study quark-gluon plasma
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PHENIX

e Relativistic Heavy lon Collider (RHIC) operational
since 2000

e Provides polarized proton beams
e Wide range of energies 24 GeV to 250 GeV
e Also unpolarized heavy ion beams

Au-Au, d-Au, Cu-Cu
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RHIC and AGS Polarimeters 3 of 18

RHIC H-jet Polarimeter
l RHIC p-Carbon Polarimeter
2 d

Siberian Snakes
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Siberian Snakes
Spin Rotators

Solenoid Snake
p LINAC  BOOSTER

e Hydrogen jet (H-jet) polarimeter provides
absolute polarization

e Four p-Carbon polarimeters provide:
e Beam polarization profile
e Polarization decay in store
e Bunch and store polarization for the
experiments

AC Dipole AGS p-Carbon Polarimeter

S
Pol. Proton Source
500 uA, 400 us /

200 MeV Polarimeter

Polarimeter at Alternatig Gradient Synchrotron (AGS) is similar to RHIC
p-Carbon polarimeter

e PHENIX and STAR local polarimeters monitor spin direction at collision points
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Measuring Beam Polarization 4 of 18

e The kinematics of elastic scattering is fully defined by the recoil products

e The momentum transfer t = (pi, — Pout)® = —2M Eji,
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e |n the experiment we measure asymmetry ¢

N — Npg NT — N¥
p— 5‘:
NL‘I—NR’ ]\TT—I-]\T¢

E

e Measured polarization P = ¢/An(t),
where An(t) is the analyzing power
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Analyzing power Ay is
defined by the interference
between the electromagnetic
and strong amplitudes
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Hydrogen Jet Polarimeter 5 of 18
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e The polarized jet target is vertical s

e Target polarization cycles 1/ — /|

every 500/50/500 seconds
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Hydrogen Jet Polarimeter: Kinematics 6 of 18

e Both beams separated by ~ 4 mm intersect the
hydrogen jet target

@ The beam and the target are both protons:

Etarget

® Pt Is measured by a Breit-Rabi polarimeter

e After correction for molecular contamination in the

jet
e Elastic events are easily identified Prarget = 92 £ 2%
. . . .'?100_
from non-relativistic equation g o
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p-Carbon Polarimeters

: : : Ultra thin Carbon
e [wo polarimeters in each ring fibbon Tariet

. . 2
e The readout system is multiplexed between (5 ngient)

the two pairs

e Each polarimet | : tical and si Si strip detectors
acn polarimeter empioys SIX vertiCal and SiX (TOF, E,.)

horizontal ultra thin carbon targets
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p-Carbon Polarimeters: Targets 8 of 18

e Typical target size is 2.5cm X S5um x 30nm
e Targets are made by vacuum evaporation-condensation onto glass substrate

e Two stepping motors are used to move the assembly and to rotate the targets into the beam
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p-Carbon Polarimeters: Detector Calibration 9 of 18

12 strips 2 x 10 mm
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e Detectors calibrated with o source o
(**Am, 5.5 MeV) <
e The a signal is attenuated by 5 to fit the carbon § ' ™ ™ ™ ™ sngiituae, anc
. e 10—
dynamic range : E ]
e The s do not probe the surface of the detector £ o~ T
where the carbon ions stop =
Unaccounted energy losses = ‘E
. 1" 0
“effective dead-layer e
10 20 30 40 50 60 70

Channel
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p-Carbon Polarimeters: Kinematics 10 of 18
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e Calibration parameters the time offset ¢; and the effective dead layer
thickness xp, extracted from the non-relativistic equation:

Me L2
En Floss = — X :
eas T Lloss 9 (tmeas T t0)2

where Floss = Eioss(Emeas, TpL) IS an energy loss parameterization for carbon
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p-Carbon Polarimeters: Monitoring Stability 11 of 18

e Detector stability is monitored by looking at how parameters evolve in time

e Non-statistical fluctuations can be associated with machine development
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e Based on the reconstructed kinematics we measure beam polarization
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Solving Problems: Event Pile-up 12 of 18
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e In 2010 the system was upgraded to address the rate problems
e Faster current sensitive preamplifiers replaced charge sensitive ones
e The effective signal width decreased from few 10's ns to ~ 10 ns
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Solving Problems: t; Time Offset 13 of 18

e To monitor the time offset ¢y additional scintillators were installed
e The PMT gain is adjusted to match prompt MIPs

| =
Mean 129.1 Entries 62459
RMS 50.35 Mean 27.89
5000 — @ RMS 4726
C 2000 — .
- g Underflow 0
L ] Overflow 0
4000 L Integral 5.062e+04
- 10000, 221 ndf 2.0266+04 | 65
L Prob 0
F [ Constant 7797 +59.3
3000 - BR08 = Mea 27.61+0.01
- r Sigma 2159+ 0.013
B 6000
2000 r
B 4000
1000 E
I 2000
OT\I‘II\I\\I‘II\I\\I‘\\\I\\I‘\\\‘\\\‘\\\‘\ =
40 60 80 100 120 140 160 180 200 220 0

TDC

35

Vi ty; ns

34

33

32

31

30

29

28

27

26

L o [ i
15310 15320 15330 15340 15350 15360 15370 15380 15390
Measurement
15363.301 @ Wed Jun_1 20:35:03 2011 bv dsmirnov. v1.5.3

e Final conclusion is to be made on the benefits for the future use
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Beam Polarization Profile
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e Precise target position is not necessary if the beam is

assumed to have a gaussian profile

x can be either time or distance
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e The intensity and polarization can be related as
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Beam Polarization Profile
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e Special ramp-up/ramp-down study confirmed the widening of the polarization profile

TIPP11 — June 10, 2011

Dmitri Smirnov


http://plexoos.com/dmitri_smirnov

Overview of RHIC Polarimeters 16 of 18

H-jet Polarimeter

p-Carbon Polarimeters

Target

Calibration

Event Rate

Operation

Role

Polarized atomic hydrogen
gas Jet target

Self-calibrating due to
known target polarization

~ 20 Hz
Stat. uncertainty ~ 8% in
6—8 hour fill

Continuous throughout a
store

e Average beam
polarization

e Calibration for other
polarimeters

Ultra thin carbon ribbon

Normalized to H-jet due to lack of
direct energy scale calibration

~ 2 MHz
Stat. uncertainty ~ 2% per
measurement

Few minutes every few hours

e Fast online feedback
e Beam profile
e Bunch by bunch polarization

e Store by store polarization for the
experiments
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e pp elastic scattering in CNI region is well suit for polarimetry in wide beam
energy range

e RHIC polarimeters are non-destructive, unique, and compliment each other
e Upgrade for Run 2011 eliminated some problems

e The benefit from the promt monitors is under investigation
e Polarimeters provide feedback for the accelerator team:

e Beam emittance

e Horizontal and vertical beam polarization profiles
e Polarization loss in transfer

e Beam polarization decay

e Currently all polarization measurements rely on the H-jet polarimeter

e Desired redundancy in polarization measurement can be achieved if
p-Carbon polarimeters are calibrated by other means

e An ongoing effort aims to better understand the systematic effects in polarization
measurements
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