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The detailed article (arXiv:2208.00585)
has been submitted to JINST and is under review now

September 20, 2022 2 / 16

https://arxiv.org/abs/2208.00585


x-z layout

      L1    
            

  

      L
2

x

z

backscattered photons

la
se

r b
e

a
m

scattered electrons with min.  energy

Δθ

θ0

electron-laser
interaction point

electron beam

z

X
2

X
1

X
0

x

electron beam

magnet

ε0 – beam e- energy
h̄ω0 – laser γ energy

θ0 =
mc2
ε0

[∫
B⊥dl

mc/e

]
mc
e ≃ 1.7 · 10−3[T m]

α ≃ π collision :

∆θ =
4h̄ω0

mc2

[∫
B⊥dl

mc/e

]
ε0 =

(mc2)2
4h̄ω0

∆θ

θ0
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Inverse Compton Scattering

γ =
ε0

mc2

κ = 4γ
h̄ω0

mc2 sin2 α

2

u ≡ h̄ω
ε

∈ [0, κ]

If κ ≪ γ :

ε0, ε, h̄ω ≫ h̄ω0

u =
θe
θγ

=
ε0 − ε

ε

scattered photon: recoil electron:

Energy: h̄ω =
ε0u
1 + u , ε =

ε0
1 + u .

Edge energy: h̄ωmax =
ε0κ

1 + κ
, εmin =

ε0
1 + κ

.

Scattering angle: θγ =
1

γ

√
κ/u − 1, θe =

u
γ

√
κ/u − 1.

Angle from bend: θ0, uθ0.
Maximum bend: θ0, ∆θ = κθ0.

Azimuthal angle: φ, φ+ π.

Horizontal angle: ηx = θγ cosφ− θ0, θx = uθ0 − θe cosφ.
Vertical angle: ηy = θγ sinφ , θy = − θe sinφ.
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θe vs θγ vs u/κ (3D)

θR = max(θe) =
2h̄ω0

mc2

for green light θR
is about 10 urad
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Bending of recoil electrons (3D)

-θR
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θRθx
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u = 0

u=κ/2

u = κ

θ0 = 0

min(θx) = −θR

max(θx) = +θR
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u = 0
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θ0 = 3 / γ [rad]

min(θx) = θR
(
γθ0 −

√
1 + (γθ0)2
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√
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)
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x-y layout & detectors
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Compton x-section
1

r2e
dσ0

du dφ =
1

κ(1 + u)3
[
1 + (1 + u)2 − 4

u
κ

(
1− u

κ

)
(1 + u)

]
1

r2e
dσξ1,2
du dφ =

4

κ(1 + u)2
u
κ

(
1− u

κ

)
[ξ1 cos(2φ) + ξ2 sin(2φ)]

1

r2e
dσx,y
du dφ =

−2 ξ3
(1 + u)3

u
κ

√
u
κ

(
1− u

κ

)
[ζx cos(φ) + ζy sin(φ)]

1

r2e
dσz

du dφ =
ξ3 ζz

(1 + u)3
u
κ
(u + 2)

(
1− 2

u
κ

)

σ0 =
2πr2e
κ

[(
1− 4

κ
− 8

κ2

)
log(1 + κ) +

1

2

(
1− 1

(1 + κ)2

)
+

8

κ

]
σz = ξ3 ζz

2πr2e
κ

[(
1 +

2

κ

)
log(1 + κ)− 1

2

(
4 +

(
κ

1 + κ

)2
)]
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X-section: recoil e− inside the ellipse
1

r2e
dσ0
dxdy

∣∣∣∣
±
=

1 + (1 + u±)
2 − (1 + u±)(1−∆2

±)

2(1 + u±)3
√
1− x2 − y2

,

1

r2e
dσξ1
dxdy

∣∣∣∣
±
= ξ1

δ2± − y2

2(1 + u±)2
√
1− x2 − y2

,

1

r2e
dσξ2
dxdy

∣∣∣∣
±
= ξ2

−δ±y
(1 + u±)2

√
1− x2 − y2

,

1

r2e
dσx
dxdy

∣∣∣∣
±
= ξ3ζx

−u±δ±

2(1 + u±)3
√
1− x2 − y2

,

1

r2e
dσy
dxdy

∣∣∣∣
±
= ξ3ζy

u±y
2(1 + u±)3

√
1− x2 − y2

,

1

r2e
dσz
dxdy

∣∣∣∣
±
= ξ3ζz

−u±(u± + 2)∆±

2(1 + u±)3
√
1− x2 − y2

.

Function:

f(x, y) = 1/ρ; ρ =
√

1− x2 − y2

Antiderivative:

F(x, y) = x atan2(y, ρ)+

+y atan2(x, ρ)− atan2(xy, ρ)

Integral over pixel:

I(x0, y0, x1, y1) = F(x0, y0)+

+F(x1, y1)− F(x0, y1)− F(x1, y0)
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MC simulations parameters

Table: Simulation parameters.

ε0 = 45.6 GeV γ = 89237 ϵx = 270 pm rad βx = 100 m L1 = 117 m
λ0 = 532 nm κ = 1.6279 ϵy = 1 pm rad βy = 20 m L2 = 100 m
ω0 = 2.331 eV ϑ0 = 190.44 θ0 = 2.1341 mrad Dx = 25 mm σγ/γ = 0.001

Table: Detectors: geometry, number of pixels, size of pixels.

Detector Size (X × Y) Npix (X × Y) Pixel size (X × Y)
Photons 10× 10 mm 100× 100 100× 100 um
Electrons 400× 4 mm 1600× 80 250× 50 um
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Fitting the distributions.
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Polarimeter
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Energy Spectrometer
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Beam size monitor
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Toggling ξ3 = ±1 example.
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Summary

Thank you for your attention!
Questions are welcome...
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