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Polarimetry of High Energy Hadron Beams



Bunch Polarization

A bunch of particles Goes in circles, will be
in vacuum travelling back in aboup ¢ O

at almost the speed x e (U

of light
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An experiment in and of itself °

A bunch of particles Goes in circles, will be
in vacuum travelling back in aboup ¢ O

at almost the speed x e (U

of light
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A For the determination of the polarization will have to devise a scattering experiment which idegpémdent.
A We will need a representative sample of scattered particles to make conclusive statements about the polarization.
A Only a fraction of the scattering probability will depend on the spifi:

n o}

A It is convenient to introduce an asymmetyy: , C,



The right frame °

A The momentum and spin direction define a coordinate system.
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A Elastic scattering obeys parity conservation and time invariance.
A The collision is symmetric (in the centefrmass frame), recoil anejectileare indistinguishable.
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A Elastic scattering obeys parity conservation and time invariance.
A The collision is symmetric (in the centefrmass frame), recoil anejectileare indistinguishable.
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Elastia] n Scattering ’

A Example: EDDA @ COSY

A Proton 1
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A Kinematic correlation in elastic scattering A EDDA detector

A A Scintillator hodoscope specifically designed for
OATtOAT oX elasticr)y 1) scattering



Elastia) n Scattering

A Example: EDDA @ COSY
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A Atomic hydrogen target

A Selection of hyperfine state 1 (of 4)

A Magnetic holding field 5 p 1

A Rabi unit for polarization measurement
A Target polarizatiom x 1 b
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Elastic Scattering at RHIC energies

A The beam momentum js T t¢ v ‘TTA.6
A A significant analyzing power exists in the Couldwuizlear Interference region.
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A.Poblague\et al., Phys. Rev. D 79, 094014 (2009)



Elastic Scattering at RHIC energies

A The beam momentum js T t¢ v 'TA.6
A A significant analyzing power exists in the Couldwuizlear Interference region.
A Recoil comes out almost perpendicular to the beam direction.
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A.Poblague\et al., Phys. Rev. D 79, 094014 (2009)
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An Absolute Polarimeter at RHIC / EIC +

A Polarized atomic hydrogen jet target (HJET)

A "O source
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An Absolute Polarimeter at RHIC / EIC e

A Polarized atomic hydrogen jet target (HJET)

A Set of eight HamamatsiY ‘rip detectors

A 12 vertical strips
A o d | pitch
A v i thick
A Uniform dead layer p®1tli




Proton Recoil Measurement

1 (ns)

«  Expected elastic signal
«  Simple toy simulation with bunch lengthl O

k Nonrelativistic:”Y - U

Real measurement
Already includes some basic cuts (I[&Mow 0)
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Time of flight is used for particle
identification



Proton Recoil Measurement
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Time of flight is used for particle
identification

Recoil angle is used for kinematic
correlation in elastic scattering
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Absolute Beam Polarization

beam
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A Suite of Polarimeters

From our list of requirements:
Timedependence (polarization decay)
Bunchby-bunch polarization

Transverse polarization profile of
bunches

Also has to be nosdestructive!

Carbon polarimeters
Fast measurement

1 d0 tTb

Beam polarization profile

Hydrogen jet polarimeter

Polarized target ~ormalization Bunchby-bunch
Polarization decay (time dependence)

Continuous operation
1 G0 v @ bper 8 hours of operation



Fiber Target Polarimeters +

Ultra thin Carbon
ribbon Target
(5 ug/cm?)

|

Si strip detectors
(TOF, Eg)

3

A Ultra-thin ribbon targets:
p 1l op miri
A Target holder inside the beam pipe
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Polarization Decay

Polarization losses during the store are correlated to

A acceleration

A emittance
A profile
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Polarization Profile

Polarization losses during the store are correlated to
A acceleration

A emittance
A profile
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Limitations of the Measurement

A Recoil particles have very low energy.

A significant impact of the inactive detector parts (dead lagé),
especially for the Carbon measurement

A Calibration with -sources
O op Yyolhb
0a0 uv8 PyoAe

A Small angle scattering of recoil inside the target dilutes the
kinematic correlation for elastic scattering.

A Background dilutes the measured asymmetry (increases statistical
uncertainty), but normalized with HIET

A 0 drops above 1 MeV
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Target Lifetime

24

A High energy, high intensity proton beams provide an extreme environment

A Energy loss of beam in the target

A Target is electrostatically attracted to the beam
A Mechanical stress on target
A Material in beam is hard to control

A Induced charge from wake field on target ends
A Change to insulated ladder construction

A Targets have a limited lifetime

Electric field [V/m]
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Local Polarimetry at RHIC *

I I I I I I I i = 01_ % systematic scale uncertainty not shown
A Local polarimetry is primarily for confirming the direction e g x momem & 0T v
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A Observe suppression of asymmetry or change of direction g O ﬁ‘:"i _____________________________________________________
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Physical Review D 88 (2013) 032006



