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Introduction

• SuperKEKB collider: 
 Description 
 Upgrade 

• Compton polarimeter:
 Compton Cross section
 Compton Longitudinal and transverse polarimetry
• Sensitivity studies of a photon detector 
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What is SuperKEKB?
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7 GeV

4 GeV

Nano-beam scheme: 
10μm x ×50nm y ×250μm(z) 
“Crab crossing” shape at the IP 

• Asymmetric electron-positron collider of 3 Km 
circumference in Tsukuba, Japan

• Collision occurs at 10.58GeV in CMS 
• Designed to run mainly at the Upsilon (4S) 

resonance that is a b"b bound state



What is SuperKEKB?
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• Integrated luminosity goal: 50 𝑎𝑏!"
• Already collected ~ 0.43 𝑎𝑏!"(~ Babar ~ 0.5 Belle)
• Data taking restarts on Jan 29th 2024 !!! J
• High luminosity → precision measurements 



Project: Upgrade SuperKEKB with polarized electrons 

• Why?

Ø Possible exploration of the electroweak and dark sectors

Ø Unique measurements of Standard Model quantities with sensitivity to potential New Physics

• How?

• With required elements for the upgrade: 
• Injector 
• Spin rotator
• Polarimeter 
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e- spin vector around ring 

IP



Compton back-scattering

• Initial electron energy (7 GeV)
• Initial photon energy (2.4eV at 515nm)
• Crossing angle of beams
• Emitted photon energy

laser (Eλ)

𝜃! θ

e- beam 𝐸𝑒

scattered 
photons (𝐸")
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Compton back-scattering

The Compton cross-section averaged over scattered particles spins:

𝑦 =
𝐸"
𝐸#

𝑥 =
2𝐸#Eλ

𝑚$ 1 + cos 𝜃!

Differential cross-

section

Electron beam polarization independent Electron beam polarization dependent

𝑑𝜎
𝑑𝑦𝑑𝜑!"#

𝑥, 𝑦 =
𝑑𝜎$
𝑑𝑦

𝑥, 𝑦 +
𝑑𝜎%
𝑑𝑦

𝑥, 𝑦 cos 2 𝜑!"# − 𝜑&'# 𝒫&'#&() +
𝑑𝜎∥
𝑑𝑦

𝑥, 𝑦 𝒫&'#+(,+(𝑃-𝑓- 𝑥, 𝑦 cos 𝜑!"# − 𝜑.&.+ + 𝑃/𝑓0(𝑥, 𝑦))

Transverse laser polarisation: nuisance parameter to 
minimize and keep under control 

Transverse electron beam polarisation: intervenes as an 
asymmetry in the transverse plane
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Transverse distribution of photons

Conical emission:
• 98% of photons within 730𝜇rad
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Longitudinal Compton polarimetry

𝑑𝜎
𝑑𝑦

(𝑥, 𝑦) ≅
𝑑𝜎!
𝑑𝑦

1 + 𝒫"𝜆𝐴#$

Polarization dependent term generates a left-right asymmetry function of 𝐸"
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laser

e- beam

scattered 
photons

𝐵𝑎𝐹1 Crystal 
PMT

1mm 

Pb 

Electronics 

10cm 



Toy-MC sensitivity studies
Simulate electron-laser interaction →	extract longitudinal polarization of electrons 
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Electron beam parameters Laser beam parameters 

Parameters of Compton interaction and the detector



Statistical sensitivity

• For 1 min, there’s 2.2% error on the 
extraction of 𝑃'

• For 25 min, there’s 0.5% error on the 
extraction of 𝑃'	
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Signal + background Toy-MC
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Table of systematics
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Summary

• Extensive studies based on toy MC have been made

• Systematic uncertainties have been estimated

• JINST publication

• R&D 𝐵𝑎𝐹( detector + realistic GEANT simulation ß 
French funding applied (hardware + manpower)
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Backup
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Backgrounds
• Bremsstrahlung radiation
• Synchrotron radiation
• Compton on blackbody radiation

Main Contribution 

1921/12/2023 Sensitivity studies for a 
Compton polarimeter at SuperKEKB

L
e- bunch

P

Bremsstrahlung Luminosity

𝐿78#9 = 𝛽	𝑁#
𝐿	𝑃
𝑘:𝑇

	

L=30m
P<10;<𝑃𝑎
T=300K
𝑁#=10nC

uniformly distributed gas 
particles in the beam pipe



Mechanical system integration
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Cross Angle Horizontal : 10 deg
Cross Angle Vertical : 4 deg
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SuperKEKB laser concept

• Laser placed in accelerator bay below beam line
• Pulsed 250MHz green laser with a couple of Watts
• Automatic beam alignment and stabilization
• Currently working on real-time laser polarimetry based on 

photo-elastic modulation (on-going at IJCLab)
• Laser must be sync-ed to accelerator RF

Insertable mirror for polarization 
calibration
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Insertable mirror
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Basic idea of detector

Basic elements
• a VERY FAST radhard scintillating crystal à BaF2

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

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

𝐵𝑎𝐹1 Crystal PMT

1mm 

Pb 
(or other?)

Electronics 

10cm 
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Location
Best candidate location to install polarimeter is before BLA2LE
Beam sizes and spin projection in z:

BLA2LE BLX2LE.2 BLY1LE.1/2

55% of 
the IP Sz

99% of 
the IP Sz 85% of 

the IP Sz
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BLA2LE/BLX2LE.2

“yellow fence”

BLA2LE

Laser/e-beam
interaction 
point

Photon 
detection

Electron 
detection
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Basic idea of detector

Basic elements
• a VERY FAST radhard scintillating crystal à BaF2, the only solution ?

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

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

…

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

30Mb (3.75MB) to transfer every minute 

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

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

Offline: fitter
• Not immediate but can be very precise
• Account for every detail of the experiment à I start by implementing this step by step

Online: fast approximate/biased extraction
• To be investigated based on HERA work by C. Pascaud et al. (Orsay group)

HERA
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Synchrotron radiation

𝐸= =
3
2𝛾

> 𝑐
𝜌	~	5𝑘𝑒𝑉“Critical energy” of synchrotron radiation:

𝜌: radius of curvature ~ 146 m

Solution: put a ~1 mm (or more) lead plate in front of the detector to get rid of synchrotron 
radiation

𝑁?@?	BCD= 𝐸E ≥ 𝐸! =
3𝜋
2 𝛼𝛾Γ(

1
2 ,
𝐸!
𝐸=

)
𝐿
2𝜋𝜌

           𝐸!~200keV

Total number of synchrotron radiation 
photons 𝐸!	: 

1𝑔	𝑐𝑚;$

Density of lead: 11.34𝑔	𝑐𝑚;>

Jackson Book, Classical Electrodynam
ics
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Bremstrahlung

Z: mean atomic number of the residual gas 
nucleus , taken as 2.2 or 7

Bremsstrahlung radiation :

The cross section averaged over scattered particles spins : 

e + g         e + g + γ

Detector energy resolution has 
no effect except for small energies
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Toy-MC sensitivity studies

We have a fit that can extract the longitudinal electron polarization, the miscalibration 
energy scale, the energy resolution and the scales for the Compton contributions 
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