
9th April 2008, Zeuthen Common session PS + E/P Meeting

Low-Energy Polarimetry

Summary from Positron Source Meeting
A. Schälicke

1



9 April 2008, Zeuthen Common session PS + E/P Meeting

Motivation
Purpose of a Low-Energy Polarimeter?
• used during commisioning
• Optimisation of positron source performance
• few percent precision
• complementary to measurement at IP
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• positions at different beam energy possible
• poor beam properties before DR provide a challenge
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Bhabha polarimeter

• scattering of positrons in thin magnetised iron foil
• relatively simple setup
• non-destructive
• asymmetry of a few percent
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Bhabha polarimeter

• Target
– thin iron foil
–  critical Temperature 1043 K
–  equilibrium temperature ~500K
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Bhabha polarimeter

• Backgrounds:
– Bremsstrahlung
–  Multiple scattering
–  Beam halo
–  Beam loss

• possible mitigation
–  Shielding

• Detector
–  20cm x 20cm
–  Material Si?
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Compton polarimeter

• after the damping ring
–at energy of 5 GeV

• as complementary to IP
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Setup

γ (k1, ζ) + e+ (k2, s)→ γ (p1) + e+ (p2)

z
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x

laser
laser

! e+

S

Default Parameters
Positron energy: E0 = 5 GeV

Positron spin: #S = (0 , 0 , s3)

Laser energy: ω0 = 2.33 eV
Crossing angle: α = 1800

This setup aims at measurement of final state photons.
We want to measure the asymmetry in the energy depositions in a
calorimeter, which is proportional to the positron beam polarisation.

Gideon Alexander(a), Pavel Starovoitov(b) ((a)Tel Aviv University (b)NC PHEP, Minsk)Compton Polarimetry ILC Positron Source 4 / 17

P.Starovoitov/G.Alexander

• setup
–multi photon mode
–calorimeter measurement

• options
– pulsed/cw laser
– crossing angle
– longitudinal or transverse polarisation
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Compton polarimeter
• Crossing angle options

– head on
–  perpendicular

• (possibility to share
 laser-wire infrastructure?)
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Asymmetry vs crossing angle

Longitudinal positron beam polarisation
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Differential cross section asymmetry as a function of the polar angle of a final

photon. Two different value of crossing angle between incident positron and laser

beams are presented.
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Luminosity and cross section vs crossing angle
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The relative luminosity(left) and relative total cross section(right) as a function of

the crossing angle between incident positron and laser beams.

Gideon Alexander(a), Pavel Starovoitov(b) ((a)Tel Aviv University (b)NC PHEP, Minsk)Compton Polarimetry ILC Positron Source 8 / 17

Luminosity and cross section vs crossing angle
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The relative luminosity(left) and relative total cross section(right) as a function of

the crossing angle between incident positron and laser beams.
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Asymmetry due to transverse positron beam polarisation
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Compton polarimeter
• Transverse polarisation

– asymmety
– available before

 spin rotators

• Features
– lumi and xsec 

 same as for longitudinal polarisation
– very small asymmetry
– complicated detector requirement 
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Compton polarimeter
• CW laser

– low event rate (single photon mode)
– larger asymmetry available

• Pulsed laser
– high event rate (multi photon mode)
– faster measurement possible
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Measurement error

Here we select a polarimeter calorimeter with an energy resolution of the form:
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The relative error of asymmetry measurement as a function of the measurement

time for a 5 GeV positron beam and laser energies ω0 of 1.165, 2.33 and 4.66 eV
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Measurement error
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The relative error of asymmetry measurement as a function of the measurement

time for a 5 GeV positron beam and laser energies ω0 of 1.165, 2.33 and 4.66 eV
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E166 Experiment

• Lepol Prototype experiment difficult
– no polarised positron beam

 with anticipated properties
 available

• E166 Experiment
– demonstrated production 

 of polarised positrons
– polarisation measurement

 (for positrons) performed
– collected valuable experience 
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Summary
• Low-Energy polarimeter provides valuable 

diagnostics
• Bhabha very attractive candidate
• additional Compton polarimeter after DR possible 

(perhaps sharing Laser-wire infrastructure)
• E166 provides valuable experience for dealing with 

low-energy polarimetry (results now final)

• Addition design study needed
– realistic backgrounds
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