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Upstream Polarimeter Overview
O   general requirements (as we see them)
O   Compton polarimetry basics
O   laser performance
O   chicane issues (lots of them)
O   rates & errors
O   conclusions
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IR2

BDS Polarimeter Discussion
Peter Schüler
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energy range
O   baseline:   200-500 GeV CM
O   beyond baseline:  1 TeV and GigaZ
O   baseline should at least be upgrade compatible

precision
O   dP/P ~ 0.25% systematics limited
O   50 μrad directional alignment 
O   measure each bunch, if possible, to dP/P ~ 3%

for fast feedback and detection of variations within the train
O   d (PL – PR) < 10-4  relativ for GigaZ (req‘s excellent statistics)
O   backgrounds must be low to very low

other aspects 
O   measurements should be robust and redundant (many     

independent channels) and very reliable

IR1

I2

general requirements
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Compton polarimetry basics I :  Kinematics
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- 1 < P < + 1

- 1 < λ < + 1

Compton polarimetry basics II :
cross sections,
spin asymmetry,
scattering angles

ϑe
max =  2 ωo / m
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Compton polarimetry basics III:  
luminosity for pulsed lasers

fb = bunch crossings per sec
Ne, Nγ =  no. of  e, γ per bunch
g  =  geometry factor
σxγ , σyγ =  transverse laser beam size
σzγ =  c σtγ =  laser pulse length
θo =  laser crossing angle

⇒ effectiveness of laser degrades with increasing pulse length & crossing angle
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regen. multi-stage Nd:YLF ampl.
(built by Max-Born-Inst.)
operates at nominal pulse &
bunch pattern of  TESLA 

Laser for TTF/Flash injector gun

σt =  8 ps

S. Schreiber et al.
NIM A 445 (2000) 427
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Laser parameters
for TESLA TDR (2001), we assumed TTF/Flash-style laser
of variable wavelength:

green
IR
UV

will employ similar laser for ILC chicane polarimeter,
but can operate with green line at all ILC beam energies  
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Tesla  design V. Gharibyan, N. Meyners, K.P. Schüler,
www.desy.de/~lcnotes/notes.html, LC-DET-2001-047

• minimal space & no special magnets   
• need to change laser wavelength 

to UV for z-pole running
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Chicane Design

• essential for downstream polarimetry (separates Compton 
electrons from low-energy disrupted beam background), 
but adventageous also for upstream polarimetry

• requires ~ 60 meters length
• constant field settings ∫ B dl over wide range of energies
• good acceptance of Compton spectrum at all energies

without changing laser wavelength
• laser crossing (Compton IP) at mid-chicane
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fixed-field chicane:   general layout
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Chicane properties (see talk of W. Oliver, 
MDI workshop, SLAC, Jan. 2005)

x x

Xmax =  4 ω0 pT L / m²    position of Compton edge is independent 
of beam energy

Xmax =  17.8 cm    for  ω0 = 2.33 eV, PT = 0.2092 GeV/c, L = 23.90 m
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movable laser beam
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Vacuum Chamber Overview

chambers are tapered to minimize wake fields
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… that was our design until the MPS collimator arrived – now what?!
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Vacuum Chamber Detail

laser beam crossing requires ~ 1 m long insertion/exit slots along z 
wake field effects:  have been studied and were found to be harmless          

(Igor Zagorodnov)

… however, the MPS collimtor has now reshuffled the deck!
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standard fixed-field configuration:  250 GeV
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fixed-field configuration:  100 GeV
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standard fixed-field configuration:  45.6 GeV
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fixed-field configuration:  500 GeV

Problem with insufficient beam clearence of laser wire photon detector!
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fixed-field configuration:  500 GeV
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Possible alternative:  electron detection (but requires modified vacuum ch.) 
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Now, what about scaled-field operation?
O  motivation comes from MPS energy collimator (+-10%) which 

could then operate with fixed offset and fixed jaw positions
O  but what offset (=dispersion) do we scale and over what range

in energy? 

Emittance Growth:
E0 dispersion        dεx/εx

(GeV)         (mm)

250                 20              0.1%
500                 20             10.3%
250                 10                0%
500                 10               0.2%

20 mm dispersion at 500 GeV leads to unacceptable emittance growth.
Therefore, if scaled operation for all energies is the goal, one has to settle 
for 10 mm. Or one operates with 20mm up to 250 GeV, and at 10 mm 
for higher energies!

simulation results
from Mark Woodley
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scaled-field configuration:  100 GeV @ 20 mm

Scaled field operation: reduced hodoscope coverage at lower beam energy
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scaled-field configuration:  46.5 GeV @ 20 mm

Scaled field operation:  really bad for GigaZ !!!
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scaled-field configuration:  45.6 GeV @ 10 mm

Scaled field operation: nothing at all at GigaZ !!!
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Electron Detector

• design similar to gas Cerenkov employed in SLD Compton polarimeter
• C4F10 gas (~10 MeV threshold)
• detector will be immune against low-energy and diffuse background (syn. rad.)
• do not need explicit preradiator, due to high intrinsic event flux (less cross talk)
• 20 channels, 10 mm wide each, will cover a large fraction of the Compton spctr.
• Emax / E0 =  85%; 50%; 33%  at E0 =  45.6; 250; 500 GeV  (with xmin = 20 mm)  
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some simulation results  

Statistics for one bunch train

100 GeV
fixed field
50 mm disp.

100 GeV
scaled field
10 mm disp.
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some simulation results  

asymmetry vs. hodoscope channel no.
comparison of fixed-field vs. scaled-field
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original vs new chicane layout
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new upstream polarimeter chicane

• constant integrated strength dipoles (0.097 Tesla) for all beam energies
• dispersion of 20 mm at 250 GeV ( only 10 mm @ 500 GeV)
• combination of polarimetry with laser wire emittance diagnostic & MPS E-collimator

saves ~100 m of beam line space, but creates several nasty issues:
• insufficient beam clearance for laser wire photon detector:  < 5 mm @ 500 GeV

(this problem disappears, if the laser wire folks can switch to electron detection!!!)
• wake field effects from inserted structures
• serious vacuum chamber engineering issues:

- collimator  destroys tapered vacuum chamber concept 
- collimator position & aperture depend on beam energy 
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summary & conclusion
- combination of chicanes for polarimetry, laser wire emittance    

diagnostics & MPS energy collimation saves ~100 m of beam line,  
but creates  serious problems, which have not yet been resolved  

- compared fixed vs scaled field operation: we find scaled field      
operation very inferior at low beam energies (100 GeV) and  
totally useless at 45.6 GeV

- laser wire photon detector may work, except at 500 GeV, where 
it lacks sufficient beam clearence; also background issues need
further study

- electron detection may be a viable alternative for laser wire 
diagnostics at 500 GeV, but would require vacuum chamber   
modifications

- there are serious and unresolved vacuum and engineering  
problems associated with the MPS energy collimator 
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