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

Gamma source

Beam intensity control

Beam diagnostic (Polarimetry)

28.11.2024 illya.drebot@mi.infn.it 5



FCC POLARIMETER

(—\ FCC 13 june / FCC week Robert Kieffer 2

il off sesit e The FCC Compton polarimeter

particle 103-10% per one shot

Y
(E‘_lectron beorﬁj}

» Centre of mass energy calibration is obtained from

the resonant depolarization scans (RDP) on pilots. SEattered photond
» Direct energy measurement by pattern position Ve G
» Precise longitudinal polarization measurement on L

physics bunches (expected to be zero at 10). o

\{:\,__‘ i

* Free spin precession (looks challenging). _vocuum pipe

Implementation needs

» Dedicated powerful laser and adapted hutch

» Laser Compton interaction chamber LIP

» Spectrometer magnet stuffed with Hall sensors
Compton electron/photon extraction line chamber —— .
Particle sensors (silicon pixels detectors) 8 x 10 mm2 350 x 2 mm?
Polarizing wigglers to speedup polarization buildup.
RF kickers to apply resonant depolarization.

From N.Muchnoi

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? '9\( g PO ——
Compton Back Scattering (CBS) P

Specificatons THALE S

Repetition rafe (kHz) ‘ 11010

Energy per pulse (mJ) after 10 10 50
compression

Pulse duration FWHM (fs) Down to 25

Pulse fo pulse energy
stability (% rms)

Ti:sapphire laser pulse
A=800 nm




Beam intensity control

beam-laser IP
Niot=2.14e+11 Nsc5=0.00e+00

Nout of acceptance = 0.00e+00 in % = 0.00e+00

Nior = 2.14e+11 Nseat=2.96e+06
Nout of acceptance = 2.88e+06 in % = 1.34e-03 l betatron collimation off-momentum collimation
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Beam ps before CBS Beam ps after CBS Possible location of CBS IP

Injection

PL IPA into booster RA[Experiment site) Azimuth = -10.2°

|SSS = 1400 m Injection into collider

: / Beam dump
mem=  Collimator Technical skto oot st

— Cold Booster RF

m— Warm

booster

PJ
(Optional (Optional

Experiment Experiment

site) site)
T T T T T T T T

10000 20000 30000 40000 50000 60000 70000 80000 90000
S [m]

beam-laser IP

Technical site f Technical site
PH PF

Collider RF

Loss map b —

collimation

Courtesy Giacomo Broggi




For 50 mJ with rep rate 3.7 kHz

#pn = 3.01e+06 #pn = 1.64e+06
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Booster as light source

(" rce 2nd FCC Htaly & France Workshop 05/11/2024 Antoine CHANCE FCC booster design

Proposal of to use the booster as a light source

Courtesy: Sara Casalbuoni
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for study of FCC-00 to POCw0 bovete = 4 Light Source N e st UL | OO W, Sare Cabened. 7 OB 00 B
FCC-ee booster as photon source

J ) Usx3 Uyx94 FCC-ee booster operated as photon source
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Booster as light source

(N rce 2nd FCC Htaly & France Workshop 05/11/2024 Antoine CHANCE

FCC booster design

Proposal of to use the booster as a light source

Courtesy: Sara Casalbuoni
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Laser and FP cavity

Laser wavelength
Laser and FP cavity Frep
Pulse energy

FP waist

Laser pulse length

1030 nm  E_=1.2 eV
33 MHz

15mJ
70 um

1ps

Laser and Fabry-Perot cavity
accumulate photons.

It give us possibility to collide photons
with pulse energy of 15 mJ
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Booster as light source v

#,n = 1.59e+04
(3e8*1120/90.7€3)/1e6=3.7 MHz

33MHz/3.7MHz=8.9

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

| Number and BW vs theta
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Booster as light source

#,n = 1.59e+04
(3e8*1120/90.7€3)/1e6=3.7 MHz

33MHz/3.7MHz=8.9

Total # of photons 1.59e4*3.7 MHz=5.8e10
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Experiment proposal at @FACET-II ™"z e

Microscope
Objective (MO) / Laser beam dump

Leverage the E320 infrastructure at ot e - s S

FACET-II to provide an R&D platform S U e
for: Collisonangle 150"

0.1-0.3 J
~ 50fs

Bunch-to-bunch laser intensity
control.

Halo collimation.

Diagnostics to demonstrate
collimation and control of high
energy beams.

Electro-Optical Alignment Target - )
Sampling (EOS) Holder Elliptical mirror

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.

Courtesy Spencer Gessner



Thank you

Please find here spectrums and photons distribution

https://cernbox.cern.ch/s/4k86vWKIgMD23np
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Beam intensity control

l betatron collimation off-momentum collimation

Niot = 2.14e+11 Nscat=0.00e+00
Nout of acceptance = 0.00e+00 in % = 0.00e+00

Niot = 2.14€+11 Nscat=2.96€+06
Nout of acceptance = 2.88€+06 in % = 1.34e-03

Energy [GeV]
Energy [GeV]

. I
Ti:sapphire laser pulse ! ! !
A=800 nm ! —— acceptance
-0.03 —0.02 —0.01 0.00

-0.03 -0.02 —0.01 0.00 0.0 0.02
4

Beam ps after CBS

Injection

into booster Azimuth = -10.2*

| SSS = 1400 m Injection into collider

Technical site Beam dump
P

LAy LSS=2160m TEB(:hnlca\ site

Booster RF

20000 40000 60000 80000
s [m]

~
Arc length = 9616.586'm booster

— 100 x 100 pm
SSS =1400 m
PJ

(Optional ’ (Optional
Experiment Experiment
site) site)

beam-laser IP
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Technical s;l:: Y LSS = 2160 m LSS =2160 m [ ‘;ichmcal site

Collider RF SSS = 1400 m collimation

PG (Experiment site)

Possible location of CBS IP

Courtesy Giacomo Broggi
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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%.

Niot =2.14e+11 Nsc3t=2.96e+06

Ntot = 2.14e+11 Nscat=0.00e+00
Noutof acceptance = 0.00e+00 in % = 0.00E+OO Noutofacceptance = 2.888+06 in % = 1.348-03
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Laser and FP cavity

Laser wavelength
Laser and FP cavity Frep
Pulse energy

FP waist

Laser pulse length

1030 nm
96 MHz
2.7 mJ
40 um

E,.=1.2 eV

1ps

.......

Laser and Fabry-Perot cavity
accumulate photons.

It give us possibility to collide
pho‘rons with pulse energy of 3 mJ

BI'IX‘II'IO Fabry-Perot cavity
BriXSinO TDR:



Booster as light source V.

collimated in 6 =2
BW=0.661 #,,=2.22e+03 (3e8*1120/90.7e3)/1e6=3.7 MHz

96MHz/3.7MHz=25.9
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Total # of photons 2.22e3*3.7 MHz=8.2e9
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What is Compton Back Scattering?
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Based on linear accelerators
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Projects:
STAR2
SMART*LIGHT

Advantage:

* Small emittance 2-3 mmrad

e Possibility to focus beam at 5-10 um
e Hight flexibility in tuning
Disadvantage

Low repetition rate 100 Hz

3 possible

Based on ERL

Projects:
BriXSinO
Cbeta

BerlinPro

Parameter
Energy (MeV) 20-45
Bunch charge (pC) 50 - 200
Repetition rate (MHz) 100
Average Current (mA) <5

Beam power @ dump (W) 400
€n,z.y (Mm mrad) 1.0
energy spread (%) < 0.2
Bunch separation (us) >1
Beam energy fluctuation (%) | < 0.2
Pointing jitter (um) 50.
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Based on storage rings
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Projects:

MuCLS
HIGS
ThomX

» [0

Advantage:

e Hight repetition rate 17.8 MHz

Disadvantage
* Bigger emittance 60 mmrad
* Bigger transvers size at IP ~70 um
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