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Introduc)on
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White report dra:ing:
• A dra: document for the polarimeter is ready, aBached to the indico page, please comment.
• An overleaf version is available upon request
• Baseline locaGon of polarimeter needs to be decided to progress further
• Assumes so far that longitudinal polarizaGon will be measured

Content of today’s presentaGon:
• InvesGgaGons related to the detecGon system for photons
• Short summary about the physics process
• Summary of what needs to be done (assuming at this stage a longitudinal e-beam polarizaGon)
• DetecGon system for photons ?
• Progress on a dedicated MC and fiBer (for offline extracGon)



Compton cross-sec-on
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The Compton cross-sec/on averaged over sca4ered par/cles spins:
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Transverse laser polarisa/on: nuisance parameter to 
minimize and keep under control 

Transverse electron beam polarisa/on: intervenes as an 
asymmetry in the transverse plane

⚠ Assume in the following:
• purely circular laser polarizaAon <>:;6 : transverse polarizaAon of laser will be a systemaAc uncertainty or a 

constrained parameter in the fit
• I also assume for the sensiAviAes studies performed here that <>:;6=1 (or -1)
• I postpone quanAtaAve studies related to imperfect laser polarizaAon to a later stage



A first look at the unpolarized term
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• IniGal electron energy (7 GeV)
• IniGal photon energy (1.2eV at 1030nm)
• Crossing angle of beams
• EmiPed photon energy

Conical emission:
• 98% of photons within 730!rad

laser (Eλ)
"# θ

e- beam $%

energy vs emission angle correlaGon

⚠ Remember:
• Photons (electrons too) are scaPerred in the forward direcGon, in a narrow cone around the electron beam axis
• I further implicitely assume that detecGon of photons require to clear a line of sight of about L=30m 



Detec%on of photons: requirements
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Energy of photons (~1GeV) in a narrow cone DisDnguish each bunch at 250MHz (4ns)

Two interesDng regimes:
• Low scaMering rate: (~1/bunch)

J Data-driven, online calibraDon and linearity control can be considered (edges of 1, 2, 3 
photons)

K Signal only radiaDon dose in detector O(1MGy/year) (1GeV@250MHz)
L Very good knowledge (spectrum shape) of backgrounds is necessary (data driven)

• High scaMering rate: (~10 − 100/bunch) 
L SensiDve to threshold calibraDon, detector linearity
L Very large radiaDon dose O(10MGy/year) or larger
J Background free (background energy deposiDon below thresholds)
L Asymmetry less pronounced (integrated over spectrum)

Concentrate on this strategy



Basic idea of detector
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Basic elements
• a VERY FAST radhard scinBllaBng crystal à BaF2

• Need to filter out the slow component à UV opBcal filters
• InteresBng: Y doping reduces the slow component, but R&D stage 

• a PMT with low transit Bme dispersion à commercially available (hamamatsu for instance)
• Associated electronics
• Next step: validate detecBon scheme



Basic idea of detector
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Basic elements
• a VERY FAST radhard scinBllaBng crystal à BaF2, the only soluBon ?

L Need to filter out the slow component à UV opBcal filters
J InteresBng: Y doping reduces the slow component, but R&D stage 

• a PMT with low transit Bme dispersion à commercially available (hamamatsu for instance)
• Associated electronics
• Next step: validate detecBon scheme

…

2500 bunches à 2500 histograms
About 1000 bins each (or less ?)
12 bits dynamics ?

30Mb (3.75MB) to transfer every minute 

Two opBons
• Embarked ADC and data processing in the accelerator bay w/transfer link to storage, requires clock

(laser also needs it) and bunch idenBficaBon
• Deported electronics ‘à la’ lumi with diamonds sensors ? (expensive high BW cables)



Polariza(on extrac(on
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Offline: fi<er

• Not immediate but can be very precise

• Account for every detail of the experiment à I start by implemenHng this step by step

Online: fast approximate/biased extracHon

• To be invesHgated based on HERA work by C. Pascaud et al. (Orsay group)

HERA



Offline fi(er: ingredients
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Ideally (<me consuming, can be part of a PhD project):
• One should probably use a dedicated generator (CAIN most probably)
• Account for every detail of the detec<on system with a Geant4 reconstruc<on

However the most important aspects of the simula<on are rela<vely simple to implement in a quick Monte Carlo :
• Compton cross-sec<on (polariza<on effects included)
• Detector energy resolu<on
• Finite detector size
• Smearing from the finite electron beam emiXance and dispersion (depends on baseline loca<on)
• Data filled in histograms

All these effects can also be fit in a simple binned chi2 (or ML) with ROOT6 and MINUIT2 library
• To start with: I only fit a scale factor and Pz. 
• I numerically integrate the Compton cross-sec<on over the detector size and bin width accoun<ng for

• detector energy resolu<on
• horizontal point spread due to finite e-beam sizes
• Miscalibra<on (if any)

• I assume that the detector has nominally a square cross-sec<on (despite it may be simpler to implement 
a cylindrical detector in the end)

I first go through a sanity check that everything goes fine when I assume one and only photon is scaterred per 
bunch crossing.

This is obviously work in progress !



Detector/e-beam parameters
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Detector energy resolu<on

Finite detector size
• Detector assumed to be placed at L=30m from Compton IP
• Square sec<on of 25x25 mm2

Electron beam parameters
• Taken at LTL076 (numbers to consolidate)
• Rela<ve energy spread 6.3e-4

Induces a (gaussian) point spread func<on at the detector plane:

• Similarly in y
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A=10% (conserva<ve ?); B=1% (op<mis<c ?); C=pile-up, electronics, 0 for now on
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Result
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Chi2=101
Ndf = 98

6M entries (1minute data taking)
3.5h fit !!! (four numerical integraJons)

Perfectly aligned,  calibrated, known average beam energy, known e-beam phase-space parameters



But…
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The fit is ;me consuming but actually too accurate for the situa;on we may face in data:

I will now try to look at ‘degraded’ fiGers to inves;gate several effects, keeping in mind that we are able to revert 
to an accurate fit of MC data (and that maybe a cylindrical geometry is maybe more appropriate)

HERA

Beam gas + synchrotron radia;on peak may
be the dominant contribu;ons at low energies

Maybe not so important to accurately fit the 
low energy part



Lower energy part of spectrum
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Pull for Pz
10% resolu<on
w/ e-beam smearing
Cylindrical det.

The (deliberately) wrong assump<on about detector geometry mainly biases low
energy con<bu<on that is likely to be dominated by backgrounds and will not 
provide sensi<vity.
à Need a full model with realis<c backgrounds 

Chi2 around 12450



Removing the first 10 bins from fit
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Confirms that the detector geometry and beam spreads do not impact longitudinal 
polarizaAon extracAon on the largest (and most sensAve part) of the spectrum

Chi2 good (10 removed bins)
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Effect of detector energy resolu1on
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Pull for Pz
10% resolu<on

hPz
Entries  1000
Mean   0.02046
Std Dev     1.003

 / ndf 2χ  59.62 / 54
Prob   0.2788
Constant  1.64± 39.02 
Mean      0.03276± 0.01833 
Sigma     0.0274± 0.9708 
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Entries  1000
Mean   0.02046
Std Dev     1.003

 / ndf 2χ  59.62 / 54
Prob   0.2788
Constant  1.64± 39.02 
Mean      0.03276± 0.01833 
Sigma     0.0274± 0.9708 

Pull for Pz
3% resolu<on



Misalignements
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Pull for Pz
3mm misalignment
Or 100urad poin?ng bias

Detection planePoin?ng biasmisalignment

Perfectly aligned e-beam. Axis
L=30m

misaligned e-beam axis

Pull for Pz
2mm misalignment
Or 70urad poin?ng bias

Pull for Pz
1mm misalignment
Or 30urad poin?ng bias

Repeat the previous fit but  with various misalignments, or angular poin?ng biases

Need to ensure the beam points towards the center of the detector within 1mm to avoid
biasing the polarization more than 0.001
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Pull for Pz

Pull for energy scale

Miscalibra)on (10% on scale)



Ongoing improvements
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Extrac:on of polariza:on:
• Upgraded the fit to perform with LUT filled on demand 6s à 0.15s/fit

• Performs well
• O(2500) es:mates in a minute may be done that way on a rela:vely powerful PC

• Mul:-photon contribu:ons included (so far only 2 photon)
• Sta:s:cal precision in a minute with a 5W 515nm laser à 0.9% for every bunch.
• Next steps

• Re-es:mate systema:c uncertain:es
• alignment procedure
• Backgrounds
• E-beam jiYers ?



Next steps
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Waiting for comments on White Report

Continue progressing on extraction of polarization:

R&D:
• Test the concept of a BaF2 detector
• Costing exercice for the laser system



A slightly more detailed look
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!"
!# (%, #) ≅

!")
!# 1 + ,-.-/

Polariza(on dependent term generates a le2-right asymmetry func(on of 01

that reflects also as a func(on of the energy of the emi:ed electron

Green light provides higher sensitivity
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