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The intensity of colliding bunches in FCC-ee must be tightly 
controlled, with a maximum charge imbalance between 

collision partner bunches of less than 3-5% (D. Shatilov). Laser 
Compton back scattering could be used to adjust and (ne-tune 
the bunch intensity. We discuss a possible implementation and 

suitable laser parameters.
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The intensity of colliding bunches in FCC-ee must be tightly 
controlled, with a maximum charge imbalance between 

collision partner bunches of less than 3-5% (D. Shatilov). Laser 
Compton back scattering could be used to adjust and (ne-tune 
the bunch intensity. We discuss a possible implementation and 

suitable laser parameters.
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Intensity control and diagnostic by Compton scattering
In two worlds lines:
Due to Flip-Flop instability charge of bunches bust be the same (max imbalance 3-5%)
We should find method of control intensity. To do this was proposed Compton scattering. 
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Table 1: Key parameters of the FCC-ee circular e+e� collider (SR: synchrotron radiation; BS: beamstrahlung)

Z W+W� HZ tt
Circumference [km] 97.76
Bending radius [km] 10.76
Free length to IP l⇤ [m] 2.2
SR power / beam [MW] 50
Beam energy [GeV] 45.6 80 120 182.5
Beam current [mA] 1390 147 29 5.4
Bunches / beam 16640 2000 328 48
Bunch population [1011] 1.7 1.5 1.8 2.3
Horizontal emittance "x [nm] 0.27 0.84 0.63 1.46
Vertical emittance "y [pm] 1.0 1.7 1.3 2.9
Arc cell phase advances [deg] 60/60 90/90
Momentum compaction factor ↵p [10�6] 14.8 7.3
Horizontal �⇤x [m] 0.15 0.2 0.3 1.0
Vertical �⇤y [mm] 0.8 1.0 1.0 1.6
Horizontal size at IP �⇤

x [µm] 6.4 13.0 13.7 38.2
Vertical size at IP �⇤

y [nm] 28 41 36 68
Energy spread (SR/BS) �� [%] 0.038/0.132 0.066/0.131 0.099/0.165 0.150/0.192
Bunch length (SR/BS) �z [mm] 3.5/12.1 3.0/6.0 3.15/5.3 1.97/2.54
Piwinski angle (SR/BS) 8.2/28.5 3.5/7.0 3.4/5.8 0.8/1.0
RF frequency [MHz] 400 400 400 400 / 800
RF voltage [GV] 0.1 0.75 2.0 4.0 / 6.9
Synchrotron tune Qs 0.0250 0.0506 0.0358 0.0872
Long. damping time [turns] 1273 236 70.3 20.4
Energy acceptance (DA) [%] ±1.3 ±1.3 ±1.7 �2.8, +2.4
Luminosity / IP [1034/cm�2s�1] 230 28 8.5 1.55
Beam-beam tune shift ⇠x/⇠y 0.004/0.133 0.010/0.113 0.016/0.118 0.099/0.126
Lifetime due to radiative Bhabha scattering [min] 68 59 38 39
Lifetime due to beamstrahlung [min] > 200 > 200 18 18

interlock tests and rf conditioning (5 weeks). These num-
bers assume that pre-installation work and pre-cabling will
be done in advance, i.e. during the previous shutdowns. A
minimum of 12 weeks is recommended for the first three
shutdowns, even if no, or only few, cryo-modules are in-
stalled here. The number of cryomodules to be installed in
each winter shutdown is listed in Table 2, along with the
resulting minimum lengths of the various shutdowns. From
this table, the average length of the winter shutdown would
be about 11 weeks, to be compared with an allocated average
number of 17 weeks.

The successive winter shutdowns o�er an e�ective time
window of about 3 or even 4 months per year for scheduled
work in the tunnel. However, longer periods are needed
between Higgs and top operation to allow for, in particular,
the transverse rearrangement of all (⇠100) cryomodules and
the installation of about 100 new RF cryomodules in the
collider and another ⇠ 100 cryomodules for the booster.
The number of cryomodules to be installed or rearranged
in this final transition from phase 1 to phase 2 significantly
exceeds the amount of work done in a typical LEP winter

Table 2: Minimum lengths of FCC-ee winter shutdowns
based on the number of cryomodules (CMs) to be installed
and a special 12-week margin for the first three years; shut-
down no. 1 refers to the first shutdown after one year of
running on the Z pole.

shutdown no. cryomodules length of shutdown
shutdown 1 – 12 weeks
shutdown 2 – 12 weeks
shutdown 3 10 CM 12 weeks
shutdown 4 26 CM 20 weeks
shutdown 5 21 CM 14 weeks
shutdown 6 42 CM 18 weeks
shutdown 7 30 CM 15 weeks
shutdown 8 30 CM 15 weeks
long shutdown 104 CM 1 year
shutdown 11 39 CM 17 weeks
shutdown 12 – –
shutdown 13 – –
shutdown 14 – –

62th ICFA ABDW on High Luminosity Circular e+e� Colliders eeFACT2018, Hong Kong, China JACoW Publishing
ISBN: 978-3-95450-216-5 doi:10.18429/JACoW-eeFACT2018-WEPAB03
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Technologies-Infrastructure:cryogenics, cooling, environmental protection,. . .

Laser 

⍺0 0. [deg]

Pulse Energy 1 [J]

𝛔x,y 400 [µm]

𝜆 800 [nm]

𝛔t 300 [ps]

Ephot~4𝛾2Elas
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Beam from xsuit z 

Electron beam non norm Emittances:
Emit X = 1.14249e-09
Emit Y = 1.44993e-12
Electron beam normalized Emittances:
Emit X n = 1.01942e-04
Emit Y n = 1.29374e-07

sigma_x = 3.29350e+02 [um]
sigma_y = 2.93216e+01 [um]
mean_energy = 4.55954e+04 [MeV]
std_energy = 6.42976e+01 [MeV]
energy_spread = 1.41018e-03
gamma = 8.92277e+04
delta_gamma = 1.25827e+02
----------------------------------------------------
NMP = 1.00000e+06
N P = 2.43331e+11
zeta = -1.34338e-07

%% laser
angle_deg=0;% in degree
pulseE=1.; %laser pulse energy [J]
sigLrx=400;% given in [mu m] micro meter w0=2*sigLr;
sigLry=400;% given in [mu m] micro meter w0=2*sigLr;
laserwl=800; % laser wavelength [nm] nano meters
sigt=300.; % pulse length [ps]
STOKES=[0 0 1];% linear [0 0 1]; circular [0 1 0]

Sketch of the Compton collision inside a single 10 m long dipole.
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Beam from xsuit z 
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Beam from xsuit z 

Energy acceptance 0.013
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Varying laser focusing at IP

22.11.2022 illya.drebot@mi.infn.it 7



TT BAR

Energy acceptance 0.013
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TT BAR
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undulator 4 m
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Why we so like Compton back scattering? BriXSinO
Compton

IP
X

E0=43 MeV

Ephot=34 keV

The energy angular correlation - tunability



undulator 4 m
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Why we so like Compton back scattering? BriXSinO
Compton
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X

E0=43 MeV

Ephot=34 keV

The energy angular correlation - tunability



Beam from xsuit z 
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Weight=80; Number of real photons in one macrophoton

Beam from xsuit z 
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TT BAR
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Thank you

As conclusion 
• With this working parameters we can reduce 1% of bunch charge at 
100 turns.

• To increase efficiency of collision we need focused bunches at IP

• Find better position for IP (more focused beam)
• Make full tracking simulation using beam after collision
• Find application and users for 25 and 150 GeV photon beam 🖖

To-do
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𝜎!"#$ = 300 𝜇𝑚

𝜎%"#$ = 150 𝜇𝑚

𝜎!"#$ = 150 𝜇𝑚

𝜎%"#$ = 300 𝜇𝑚
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𝜎!"#$ = 300 𝜇𝑚

𝜎%"#$ = 150 𝜇𝑚

𝜎!"#$ = 150 𝜇𝑚

𝜎%"#$ = 300 𝜇𝑚
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Check X Y plane for laser 

Test simulation done with uniform distribution in transvers plane and almost no emittance  

𝜎!"#$ = 50 𝜇𝑚

𝜎%"#$ = 1 𝜇𝑚

𝜎!"#$ = 1 𝜇𝑚

𝜎%"#$ = 50 𝜇𝑚

Difference with realistic beam can be due to big unsymmetry not just in size but also in emittance22.11.2022 illya.drebot@mi.infn.it 19


