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“True” spectra
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Selection 
• detid == 3000/3001 
• pdg ==11/-11 
• Parent pdg ==22 
• Parent == primary 
• Primary pdg ==22 
• |vtx x,y |<25 mm 
• |vtx z - 6.5 m |< 100 um 
• vtx z  > 6.5m -100um && 

vtx z  < 9m

• Electrons/positrons generated 
in target by primary photon 
and which are hitting Lanex 
screens 

• Consider air before the magnet 
as a target too

JETI40, 16.5 GeV, 50 um



Reconstructed spectra
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Not normalised



True vs Reconstructed

Spectra were normalised on 
integral in E range of [2.5; 3]

NO Beam 
Pipe Kapton, 
200 um
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True vs Reconstructed
Beam Pipe 5 cm 

W, 10 um

Beam Pipe 4.2 cm 
+chamber 

W, 10 um
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Summary

The performance of FDS setup was compared with pipe, with pipe 
and chamber and without beam pipe from the target to Gamma 
spectrometer detectors 

Beam pipe with chamber and target provide more clean signal 
formation
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Back up



Forward detector system with beam pipe 
and short chamber
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Ee = 4, 3, 2, 0.5 GeV



e-e+

Deposited energy in Lanex, 
Beam pipe+chamber, ~4500 bx 
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Reconstructed spectra

e-e+
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NO Beam 
Pipe Kapton, 
200 um



Reconstruction
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NO Beam 
Pipe Kapton, 
200 um
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W, 10 um
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W, 10 um
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Ee = 4, 3, 2, 1 GeV
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Vertex Z

7m 8m 9m 10m 11m



Energy vs position

e-e+



Energy vs position
Beam Pipe 5 cm 

W, 10 um

NO Beam Pipe 
Kapton, 200 um
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𝛄 𝛄

e-e-

Electron Energy-position correlation is cleaner in case of beam pipe and  photons distribution shows that they were 
produced after the electron direction was defined.

Beam Pipe 4.2 cm +chamber 

W, 10 um



NO Beam Pipe 
Kapton, 200 um
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Beam Pipe 5 cm 

W, 10 um

Particles in electron arm

4.2 GeV

125 mm 

Beam Pipe 4.2 cm +chamber 

W, 10 um



18



Photon spectra reconstruction using 
Bethe-Heitler pair spectrum

The classical Bethe-Heitler formula  (H.Bethe, W.Heitler, Proc.Roy.Soc.A146 (34)83)
energies involved are large 
compared with mc2

E𝛄=17.5 GeV

E+

𝚽(E+, E0=E𝛄)

𝛔(E𝛄, Ee) = 𝚽(E𝛄,Ee)*Na Na - Number of atoms
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N(Ee)=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

Photon spectra g(E𝛄) can be reconstructed by fitting 

Where N(Ee) positron/electron spectra 
measured in detector after the conversion.

Since 𝛔(E𝛄, Ee) depends on number of scatters Na  

defined by the thickness of the target  
the approach can be tested by using the thickness as fit 
parameter

Used Bethe-Heitler class from Geant4, with corrections and extended 
for various effects (the screening, the pair creation in  the field of 
atomic electrons, correction to the Born approximation, the LPM 
suppression mechanism, etc.) to calculate differential cross-section E𝛄, GeVEe, GeV



Kinematic edges with accurate pair spectrum
f(Ee)=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

∫𝛔(E𝛄, Ee)g(E𝛄,p1,p2)dE𝛄

N(Ee)

The single-particle   
spectrum obtained 

in GEANT4 is 
compared to a 

model spectrum 
calculated by 

convolving the trial 
photon spectrum 
with the Bethe-

Heitler cross section

g(E𝛄, pi)

fitting allows finding the kinematic edges 
quite well GeV

g(E𝛄)

Ni, 10 𝛍m 
ξ 0.26

ξ 0.26 
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Direct electron-Beam Laser interaction
e+nω→e+𝛄 

I measure HICS energy spectrum. 

• Use low X0 target (~1e-6 X0) for gamma to electrons/positrons conversions 

followed by spectrometer;  

• determine kinematic edges; 

• detailed shape.  

II measure absolute number of photons on event-by-event basis.  

• Spectra normalisation; 

• Be sensitive to angular distribution of HICS photons (if possible) 

 

Tasks at hand:
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PDS - Photon Detector systemIntro

IP
Target

Collimators

Magnet

PDS spectrometer
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10 GeV e- 

1.4 T
Kapton, 
200 um

LANEX 1 m +
Cherenkov

FDS setup with pipe
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W, 10 um
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Material        X0,(cm) Z A Z/A

Kapton        28.57 0.51264

Tungsten 0.35 74 183 0.4044

Kapton :Polyimide film [C22H10N2O5]n 

5cm

2cm



Energy vs position
Beam Pipe 5 cm 

W, 10 um

NO Beam Pipe 
Kapton, 200 um
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𝛄 𝛄

e-e-

Electron Energy-position correlation is cleaner in case of beam pipe and  photons distribution shows that they were 
produced after the electron direction was defined.



Material        X0,(cm) Thickness        Frac>on  X0

Air        3.04E+04 350 1.15 %

Kapton        28.57 2.00E-02 0.07 %

Tungsten 0.35 1.00E-03 0.3%

NO Beam Pipe 
Kapton, 200 um
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Beam Pipe 5 cm 

W, 10 um

Particles in electron arm

4.2 GeV

125 mm 

The first kinematic edge at 4.2GeV is clearly better 
observed in detector for the case with the pipe. 



S/B ratio: Electron arm of Lanex Spectrometer, x-distributions

Beam Pipe 5 cm 
Kapton, 200 um

Beam Pipe 5 cm 

W, 10 um

NO Beam Pipe 
Kapton, 200 um

27

600− 400− 200− 0 200 400 600
x [mm]

0

10

20

30

40

50

60

70

80

dN
/d

E 
pe

r B
X

backg dump e- : 189
backg magnet e- : 0
backg behind e- : 94
backg other e- : 1448
backg dump e+ : 1165
backg magnet e+ : 220
backg behind e+ : 220
backg other e+ : 6958
sum_signal target+air : 13215
data : 23528

LUXE CDR

600− 400− 200− 0 200 400 600
x [mm]

0

50

100

150

200

250

dN
/d

E 
pe

r B
X

backg dump e- : 390
backg magnet e- : 8
backg behind e- : 38
backg other e- : 1725
backg dump e+ : 1680
backg magnet e+ : 488
backg behind e+ : 518
backg other e+ : 9945
sum_signal target+air : 59475
data : 74265

LUXE CDR



Reconstruction
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Spectra reconstruction for the Lanex case, No pipe



Spectra reconstruction for the Lanex case, No pipe
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Deposited energy in Lanex, electron arm, Beam pipe, ~4500 bx 
bx



Spectra reconstruction for the 
Lanex in case of the Beam Pipe



Finite Impulses Response Filter (FIR)
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Reconstruction with FIR

filt_N=15; filt_sigma=4.0 
('Original edge: ', 2.755891934630679) 
('Original kink: ', 4.568762203709245)

filt_N=10; filt_sigma=2.0 
('Original edge: ', 2.6514306254367064) 
('Original kink: ', 4.356332863456975)
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filt_N=20; filt_sigma=5.0 
('Original edge: ', 2.7631578276888287) 
('Original kink: ', 4.528586513722061) 


