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ÅIntroduction: A Polarized Electron-Ion Collider

ÅI. Polarized Particle beams

ÅII. Proton Polarimetry

ÅIII. Electron Polarimetry

ÅConclusions
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Polarimetry of High Energy Hadron Beams



Bunch Polarization 4

A bunch of particles 
in vacuum travelling 
at almost the speed 
of light

Goes in circles, will be 
back in about ρσʈÓ
(χψË(Ú).
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An experiment in and of itself 5

A bunch of particles 
in vacuum travelling 
at almost the speed 
of light

Goes in circles, will be 
back in about ρσʈÓ
(χψË(Ú).

?

Å For the determination of the polarization will have to devise a scattering experiment which is spin-dependent.

ÅWe will need a representative sample of scattered particles to make conclusive statements about the polarization.

Å Only a fraction of the scattering probability will depend on the spin: „ᴻȢ „ „

Å It is convenient to introduce an asymmetry: ‭ „ᴻ „ᴽ ς„
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The right frame 6

Å The momentum and spin direction define a coordinate system.

Longitudinal ╛

Normal ╝

Sideways ╢
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.ƻƻǘǎǘǊŀǇǇƛƴƎΧ 7

Å Elastic scattering obeys parity conservation and time invariance.

Å The collision is symmetric (in the center-of-mass frame), recoil and ejectileare indistinguishable.

­ 44=256 possible Observables (25 independent parameters)
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.ƻƻǘǎǘǊŀǇǇƛƴƎΧ 8

Å Elastic scattering obeys parity conservation and time invariance.

Å The collision is symmetric (in the center-of-mass frame), recoil and ejectileare indistinguishable.
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Elastic ὴ ὴScattering 9

ÅExample: EDDA @ COSY

Å Kinematic correlation in elastic scattering

• • “

ÔÁÎÎÁÔẗ‮‮ ρȾ‎

Å EDDA detector

Å Scintillator hodoscope specifically designed for 
elastic ὴ ὴscattering



Elastic ὴ ὴScattering 10

ÅExample: EDDA @ COSY

Å Atomic hydrogen target

Å Selection of hyperfine state 1 (of 4)

Å Magnetic holding field "ȟȟ ρπ'

Å Rabi unit for polarization measurement

Å Target polarization ὗ χπϷ



Elastic Scattering at RHIC energies 11

ÅThe beam momentum is ρππςυπ'Å6.

ÅA significant analyzing power exists in the Coulomb-Nuclear Interference region.

•ίȟὸ ‗‗ •‗‗
A. Poblaguevet al., Phys. Rev. D 79, 094014 (2009)
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Elastic Scattering at RHIC energies 12

ÅThe beam momentum is ρππςυπ'Å6.

ÅA significant analyzing power exists in the Coulomb-Nuclear Interference region.

ÅRecoil comes out almost perpendicular to the beam direction.

A. Poblaguevet al., Phys. Rev. D 79, 094014 (2009)
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An Absolute Polarimeter at RHIC / EIC 13

Å Polarized atomic hydrogen jet target (HJET)
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ÅὌ source

Å Dissociator

Å RF unit

Å Holding field

Å Detectors



An Absolute Polarimeter at RHIC / EIC 14

Å Polarized atomic hydrogen jet target (HJET)

Å Set of eight Hamamatsu ὛὭstrip detectors

Å 12 vertical strips

ÅσȢχυÍÍpitch

ÅυππʈÍthick

Å Uniform dead layer ρȢυʈÍ



Proton Recoil Measurement 15

Expected elastic signal 

Simple toy simulation with bunch length σÎÓ

Real measurement

Already includes some basic cuts (low Ὁ, low ὸ)

Non-relativistic: Ὕ άὺ Time of flight is used for particle 
identification



Proton Recoil Measurement 16

Time of flight is used for particle 
identification

Recoil angle is used for kinematic 
correlation in elastic scattering



Absolute Beam Polarization 17
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Carbon polarimeters

Fast measurement

ὖȾὖ‏ τϷ

Beam polarization profile

Bunch-by-bunch

Polarization decay (time dependence)

Hydrogen jet polarimeter

Polarized target

Continuous operation

ὖȾὖ‏ υ φϷper 8 hours of operation

normalization

A Suite of Polarimeters 18

From our list of requirements:

Time-dependence (polarization decay)

Bunch-by-bunch polarization

Transverse polarization profile of 
bunches

Also has to be non-destructive!



Fiber Target Polarimeters 19

Å Ultra-thin ribbon targets:

ρπ‘ÍὼρππÎÍ

Å Target holder inside the beam pipe



Polarization Decay 20
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Polarization losses during the store are correlated to

Å acceleration
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Å profile
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Polarization Decay 21
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Polarization losses during the store are correlated to

Å acceleration
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Å profile
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Important for experiments:
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Polarization Profile 22
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Polarization losses during the store are correlated to

Å acceleration

Å emittance

Å profile
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Limitations of the Measurement 23

Å Recoil particles have very low energy.

Å significant impact of the inactive detector parts (dead layer ɝὉ), 
especially for the Carbon measurement

Å Calibration with ‌-sources

ὋὨὉ σȢρψσ-Å6

ὃάὉ υȢτψφ-Å6

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

Å Background dilutes the measured asymmetry (increases statistical 
uncertainty), but normalized with HJET

Å ὃ drops above 1 MeV

ὧɇὃ Ὁ Ὁ ЎὉ

Dead layer
ᾀ πȢςυπȢυ‘Í



Target Lifetime 24

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

Å Energy loss of beam in the target

Å Target is electrostatically attracted to the beam

Å Mechanical stress on target

Å Material in beam is hard to control

Å Induced charge from wake field on target ends

Å Change to insulated ladder construction

Å Targets have a limited lifetime Simulation by J. Kewisch, BNL



Local Polarimetry at RHIC 25

Å Local polarimetry is primarily for confirming the direction 
of the polarization vector at the experiment.

Å Observe suppression of asymmetry or change of direction

Å Very forward going production of neutrons in ὴ ὴ
collisions

Å First established at RHIC-IP12, standard method for RHIC 
experiments 

ὼ ςὴȾί

Physical Review D 88 (2013) 032006


