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ILC baseline positron source

Helical undulator (100 m long) producesHelical undulator (100 m long) produces 
~10 MeV circularly polarized photons from 150 GeV electrons 

Positrons of collected from a thin target. 
Positron polarization depends on:os t o po a at o depe ds o :

Photon polarization spectrum (tight collimation increases polarization)
Target material and thickness
Positron capture phase spacep p p

Positron longitudinal polarization of ~30% can be expected from the baseline ILC

Fully implemented positron source polarization of 40 – 70% is expected.
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Collimate photons from undulator increases circular polarization of photons hitting target.
Increase length of helical undulator to ~200 m to restore positron beam intensity. 

Result is higher positron polarization.



σ RL cross section e- beam is completely right-handed polarized (P e- = +1)
e+ beam is completely left-handed polarized  (P e+ = -1)
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Annihilation diagrams

Standard Model only J = 1 is possible.y p

New Physics models:
may contribute to J = 1 
may allow the production of scalar particles, 

J = 0 would be allowed
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Exchange diagrams

T- and u- channel diagrams:
The helicity of the incoming beam is directly coupled to the helicity of the final particle 
and is completely independent of the helicity of the second incoming particle.
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Cross section enhanced or reduced
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Uncertainty in zero positron polarization

(- 0.02 +- 0.07%) at SLC
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Use of effective polarization and left-right asymmetry
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Effective polarization 
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Errors reduced

Errors Pe+ and Pe fully correlatedErrors Pe+ and Pe- fully correlated
e.g. depolarization effects from 
Bremsstrahlung
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Utilization of 30% positron polarizationUtilization of 30% positron polarization 
at the beginning of ILC
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Polarized positron sourcep

Capture for highest positron polarization with desired positron intensity

Transport polarization efficiently to positron damping ring
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Measure positron polarization before positron damping ring with Mott or Moeller polarimeter



Spin transport of positron polarization

Helicity flip on a pulse train to pulse train basis is important: 
Differences in intensity and polarization between the two positron beam helicity statesDifferences in intensity and polarization between the two positron beam helicity states 
should stay within a tolerance limit of +-1% after the damping ring. 

Fast kickers will be needed to direct the beam to the second linac-to-ring line with the opposite 
solenoidal B-field.
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solenoidal B field.
Inverting helicity periodically (eg weekly)  in spin rotation system after damping ring can be used 
to reduce systematic errors further.



Measure positron polarization

Positron extraction line polarimeter
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Positron Beam Delivery System upstream Compton polarimeter
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RequirementsRequirements

Physics measurements will benefit from 30% positron polarization created in a source 
with a 100m long helical undulator The following issues are necessary to make use ofwith a 100m long helical undulator. The following issues are necessary to make use of 
this polarization. They should be available from the beginning or at least as soon as 
possible after the start of ILC operation:

• Spin rotators before and after the damping ring.

• Two parallel spin rotation beam lines in the linac-to-ring transfer line before theTwo parallel spin rotation beam lines in the linac to ring transfer line before the 
damping ring.

Helicity Flipping:
Fast kickers will be needed to direct the beam to the second linac-to-ring line g
with the opposite solenoidal B-field.

• Positron polarimeters in the positron beam delivery system and the positron extraction 
line are mandatory.

• Positron polarimeter before the positron damping ring may be desired.
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