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Physics requirements
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Beam-based measurements in real time, including 
beams energy with resonant depolarization

High reproductibility of measurements for various sqrt(s) is critically needed 

Extract as much information as possible from 
physics experiments themselves 

(crossing angle, luminosity, sqrt(s) spread)

24/7 operable measurement of depolarization

Required accuracy of <1ppm



Physics requirements cont’d
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High accuracy longitudinal polarization measurement is needed
→ Naturally small at IPs but with what accuracy ?

→ Measure it !



Compton polarimeter layout
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Laser (𝜔0)

New concept (N. Yu Muchnoi) to measure all polarization parameters → 3D polarimeter

about 100m
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The Compton cross-section averaged over scattered particles spins:

𝑦 =
𝐸𝛾

𝐸0
𝑥 =

2𝐸0𝜔0

𝑚2 1 + cos𝛼

Electron beam polarization independent Electron beam polarization dependent

𝑑𝜎

𝑑𝑦𝑑𝜑𝑜𝑏𝑠
𝑥, 𝑦 =

𝑑𝜎0
𝑑𝑦

𝑥, 𝑦 +
𝑑𝜎⊥
𝑑𝑦

𝑥, 𝑦 cos 2 𝜑𝑜𝑏𝑠 − 𝜑𝑙𝑎𝑠 𝒫𝐿
𝑙𝑎𝑠 +

𝑑𝜎∥
𝑑𝑦

𝑥, 𝑦 𝒫𝐶
𝑙𝑎𝑠(𝑃𝑇𝑓𝑇 𝑥, 𝑦 cos 𝜑𝑜𝑏𝑠 − 𝜑𝑒𝑙𝑒𝑐 + 𝑃𝑧𝑓𝑧(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

⚠️ But small opening angle of scattered particles:
• Electrons → spectrometer
• Photons → difficult to measure asymmetric distribution of a narrow spot → long lever arm needed



Integration
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Polarimeter integrated close to experiments IP
1/beam/IP
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Demanding operational constraints 
→ laser room in the parallel technical gallery 

→ 24/7 access to the laser system and related electronics

Oide

e-beam size at Compton IP :
~500µm (horizontal)



Laser integration
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Some constraints
• Small crossing angles are preferred (cross-section, beam 

jitters) few mrad typically
• Beams crossing plane neither horizontal nor vertical
• beam impedance
• beam induced currents in metallic parts  avoid
• mechanical stability
• ease of maintenance works

SuperKEKB upgrade concept

Box with rough temperature control

Box with rough temperature control
laser

Polarisation & 
beam shaping

Position, pointing control and monitoring
Polarisation independent intensity monitoring
Optical spectrum monitoring possible

Polarisation monitoring
Duplicated at injection
Add Position and pointing monitoring
R&D needed to reach required perf.

24/7 operable laser system, with full monitoring, remote control



Some laser systems
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Laser param. 1 pilot 1 pilot v2 All colliding
bunches (at Z)

Repetition rate 3 kHz 3 kHz 30 kHz

Pulse energy 1 mJ 1 mJ 10x0.05mJ

Pulse duration 3 ns 30 ps (**) 30 ps

Average power 3 W 3 W 15 W (***)

Scattering rate 3x105/s (*) 3x105/s (****) 4x107/s (****)

Scattering rate per bunch 3x105/s (*) 3x105/s 4x105/s

Nikolai’s baseline (Q-switch Nd-YAG)

(*) crossing angle ~ 2mrad
(**) related to optical bandwidth constrains resolution of ‘direct’ energy measurement from polarimeter
(***) Can be increased to typically ~100W (nowadays) but requires operational validation
(****) not limited by Piwinski contribution → can be several degrees without affecting rate

Same oscillator may be used but two different amplification schemes

adaptable

Versatile Yb system



Transverse distributions
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Realistic detector specifications (still) to be drawn 

Based on measurement of scattered particles transverse distributions (pixelized detectors)
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Beam energy may be extracted
too! → redundancy with RDP

All components extracted with
~0.001 precision in few seconds

With the constraints of being tolerant to radiations



Conclusion & prospects
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High accuracy and precision beam energy 
measurement with pilots

High accuracy colliding bunches polarization 
monitoring

24/7 operable Compton polarimeters (1/beam/IP)

Versatile laser 
system

Real time laser 
polarization 
monitoring

Ability to access 
lasers during 
operations

Pixel detectors 
designIndustrial/robust 

lasers

Laser beam 
transport

Magnet design

Assessment of 
systematic 

uncertainties



Scattering rates
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𝑛 = 𝜎𝐶
ℰ

𝐸𝜆

𝑄

𝑞

ℱ

2𝜋𝜎𝑦𝜎𝑥

Laser-beam single pulse energy

Photon rate

Compton cross-section Electron bunch charge 
(25nC for colliding bunches, 
1.5nC for pilots)

Geometrical factor

• ℱ−1 = 1 +
𝜎𝑧

𝜎𝑥
tan

𝜃0

2

2

• 𝜃0~2𝑚𝑟𝑎𝑑

Laser photon energy
(2.4eV for 0.5µm wavelengths)

Transverse beam sizes:

• 𝜎𝑥,𝑦,𝑧 = 𝜎𝑥,𝑦,𝑧,𝑙𝑎𝑠𝑒𝑟
2 + 𝜎𝑥,𝑦,𝑧,𝑒−

2

• 𝜎𝑥,𝑙𝑎𝑠𝑒𝑟 = 𝜎𝑦,𝑙𝑎𝑠𝑒𝑟=1000µm

• 𝜎𝑥,𝑒− = 500µm, 𝜎𝑦,𝑒−=10µm, 𝜎𝑧,𝑒−~10mm



QED corrections
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QED corrections<0.001 @ 45 GeV
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Involved processes e𝛾→ e𝛾, e𝛾→eee, e𝛾→ e𝛾𝛾

Scattered electron energy

𝑑𝜎

𝑑𝐸′
(𝐸′) ≅

𝑑𝜎0
𝑑𝐸′

1 + 𝛿 1 + 𝒫𝑧𝒫𝐶,𝑙𝑎𝑠 𝐴 + 𝛥𝐴

Need to be eventually included in simulations…



The Compton process
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Compton x-section
~0.3b (Ee~45GeV)

Kinematic edge



Laser helicity asymmetries
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Reproductible and well known laser helicity flip is required 
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