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FORWARD PHOTONS



LAYOUT FOR THE LUXE EXPERIMENT 
Photons produced at IP1 proceed down their own beamline through the converter foil and the tracking spectrometer

• The data from the two arms of the 
spectrometer are analyzed independently 

• The reconstructed s ing le -part ic le 
momentum spectra is compared to a 
model spectrum calculated by convolving 
the simulated photon spectrum with the 
Bethe-Heitler pair spectrum
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LAYOUT FOR THE E-144 EXPERIMENT 
Photons produced at IP1 proceed down their own beamline through the converter foil and the tracking spectrometer

e-/e+ tracks were reconstructed using the 3 
back planes of CCD's. All triplets of points from 
the back CCD planes of a given arm were tested 
to see if they  fit a line intercepting a region near 
the center of the spectrometer magnet. This set 
of candidate tracks included many “fake" tracks 
f rom thermal noise, and combinator ic 
background of points from different particles.

No attempt was made to use the CCDs in the front plane of the spectrometer in this 
mode, since the high number of hits led to significant ambiguity in the projection 
from the back planes to the front.

CCD image sensors: pixel size 22.5*22.5 um 
[EEV, 1242*1152]. �3



THE CLASSICAL BETHE-HEITLER PAIR SPECTRUM
The classical Bethe-Heitler formula is currently used:
H.Bethe, W.Heitler, Proc.Roy.Soc.A146 (34)83

energies involved are large compared with mc2

E+

The idea - to check if any photon 
spectrum could  be restored if we 
have the classical BH distribution 

and characteristic  shapes of 
photon spectrumE𝛄=17.5 GeV
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TESTING: EXPONENTIAL

𝛄
BH

Ee=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

∫𝛔(E𝛄, Ee)g(E𝛄,p1,p2)dE𝛄 
fitting allows finding the parameters with high precision  

f(Ee)g(E𝛄)
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TESTING: COMPTON-LIKE

𝛄 Ee=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

∫𝛔(E𝛄, Ee)g(E𝛄,p1,p2)dE𝛄 
fitting allows finding the parameters quite well : 

f(Ee)g(E𝛄)
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PHOTON SPECTRA VS LASER INTENSITIES

• plot from Anthony

1e-11

1e-10

1e-09

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

 0  1  2  3  4  5  6  7  8

phase 0 luxe params
flat laser pulse different intensities

P
ro

ba
bi

lit
y

photon energy (GeV)

xi=0.1
xi=0.5
xi=1.0
xi=1.5

�7



FORWARD PHOTONS IN GEANT4

target: Tungsten, 0.35 um 
1e8 photons



TESTING: COMPTON-LIKE
Ee=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

∫𝛔(E𝛄, Ee)g(E𝛄,p1,p2)dE𝛄 
fitting allows finding the parameters quite well : 

f(Ee)g(E𝛄)
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WHAT’S NEXT

• 1st  draft of code for modeling arbitrary spectrum of primary 
particles in Geant 4 

• test if we could fit and find other parameters describing the 
process: target material (Z), its thickness, number of kinematic 
edges of photon spectra. 

• To use Bethe-Heitler formula, corrected and extended for various 
effects (the screening, correction to the Born approximation, the 
LPM suppression mechanism, etc.)



BACK UP



TESTING: COMPTON-LIKE

𝛄

Ee=∫𝛔(E𝛄, Ee)g(E𝛄)dE𝛄

∫𝛔(E𝛄, Ee)g(E𝛄,p1,p2)dE𝛄 
fitting allows finding the parameters quite well : 

f(Ee)

g(E𝛄)

positron spectrum

GeV


