
Laser Compton scattering 
in the collider

Illya Drebot



What is Compton Back Scattering?
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Why we CBS need it in the FCC?

Beam diagnostic (Polarimetry)

Beam intensity control

Gamma source



28.11.2024 illya.drebot@mi.infn.it 6

FCC POLARIMETER

Number of scattering 
particle 103-104 per one shot

Courtesy Robert Kieffer
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Beam intensity control

Why we need?
Asymmetry in the bunch current leads to Flip-flop instability. To avoid this bunches at IP must be bunches should be 

tightly controlled, with a maximum charge imbalance between collision partner bunches of less than 3−5%.

How to realise it?
Compton Back Scattering (CBS) 

Laser parameters
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Beam intensity control

Loss map

Courtesy Giacomo Broggi

Possible location of CBS IPBeam ps after CBSBeam ps before CBS

IP CBS
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Spectrums

tt
E= 180 GeV
Ephmax=149 GeV

ZH 
E= 120 GeV
Ephmax=89 GeV

Z
E= 45 GeV
Ephmax=24 GeV

W 
E= 80 GeV
Ephmax=52 GeV

For 50 mJ with rep rate 3.7 kHz
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Booster as light source
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Booster as light source



Laser & Fabry-Perot cavity

e- beam

Laser input

Laser and FP cavity

Laser wavelength 1030 nm

Laser and FP cavity Frep 33  MHz

Pulse energy 15 mJ

FP waist 70 mm

Laser pulse length 1 ps

Laser and Fabry-Perot cavity 
accumulate photons. 
It give us possibility to collide photons 
with pulse energy of 15 mJ
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Elas=1.2 eV
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(3e8*1120/90.7e3)/1e6=3.7 MHz

33MHz/3.7MHz=8.9

Total # of photons 1.59e4*3.7 MHz=5.8e10

Booster as light source
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Experiment proposal at Facility for Advanced Accelerator 
Experimental Tests

Courtesy Spencer Gessner

Leverage the E320 infrastructure at 
FACET-II to provide an R&D platform 
for:

● Bunch-to-bunch laser intensity 
control.

● Halo collimation.
● Diagnostics to demonstrate 

collimation and control of high 
energy beams.

FACET-II is the only User Facility in the 
world that combines 10 GeV beams 
with high-power lasers to 
accommodate this type of R&D.
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https://cernbox.cern.ch/s/4k86vWKIqMD23np

Thank you 

Please find here spectrums and photons distribution 
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Beam intensity control

Loss map

Courtesy Giacomo Broggi

Possible location of CBS IP

Possible location of CBS IP

Beam ps after CBSBeam ps before CBS
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Beam intensity control
Why we need?
Asymmetry in the bunch current leads to Flip-flop instability. To avoid this bunches at IP must be bunches should be 

tightly controlled, with a maximum charge imbalance between collision partner bunches of less than 3−5%.



Laser & Fabry-Perot cavity

e- beam

Laser input

Laser and FP cavity

Laser wavelength 1030 nm

Laser and FP cavity Frep 96  MHz

Pulse energy 2.7 mJ

FP waist 40 mm

Laser pulse length 1 ps

Laser and Fabry-Perot cavity 
accumulate photons. 
It give us possibility to collide 
photons with pulse energy of 3 mJ
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Elas=1.2 eV

BriXSinO Fabry-Perot cavity
BriXSinO TDR:  https://marix.mi.infn.it/brixsino-docs/
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Booster as light source

(3e8*1120/90.7e3)/1e6=3.7 MHz

96MHz/3.7MHz=25.9

Total # of photons 2.22e3*3.7 MHz=8.2e9



What is Compton Back Scattering?
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1-bcosq

Frequency-angle correlation

Total acceptance

Ymax=qmax= 1

qmax= 1/

E=14 GeV-> 𝛄 = 2.7e+04
Θmax=37 µrad 
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3 possible 

Based on linear accelerators Based on storage rings

Advantage: 
• Small emittance 2-3 mmrad
• Possibility to focus beam at 5-10 μm
• Hight flexibility in tuning
Disadvantage
• Low repetition rate 100 Hz

Projects:
STAR2 
SMART*LIGHT

Projects:
MuCLS
HIGS
ThomX
NESTOR

Advantage: 
• Hight repetition rate 17.8 MHz

Disadvantage
• Bigger emittance 60 mmrad
• Bigger transvers size at IP ~70 μm

Rep rate ~100 MHz

Projects:
BriXSinO
Cbeta
BerlinPro

Based on ERL  
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