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The context

@ Given an energy deposit at a point inside a LArTPC, how much light will arrive at a
detector (and how is the photon arrival time distribution)?
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The context

Given an energy deposit at a point inside a LArTPC, how much light will arrive at a
detector (and how is the photon arrival time distribution)?

Full Geant 4 simulations tend to be slow.
Lookup libraries can be too large for large detectors.
The Radiative Transfer Equation (RTE) is high dimensional and might be slow.

Simplifications of the RTE, like the diffusion equation, might not capture the physical
reality.
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A working approach

Garcia-Gamez, Green and Szelc studied this in Predicting transport effects of scintillation light
signals in large-scale liquid argon detectors.
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A working approach

Garcia-Gamez, Green and Szelc studied this in Predicting transport effects of scintillation light
signals in large-scale liquid argon detectors. For the photon count at a detector, they compare
the compare the Geant4 solution with an ideal geometrical prediction
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Relativistic diffusion

@ P-A. Lemieux, M. U. Vera, and D. J. Durian propose a Hyperbolic PDE for photon
propagation in scattering and absorbing media in Diffusing-light spectroscopies beyond
the diffusion limit: The role of ballistic transport and anisotropic scattering.
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@ Their proposal is based on the explicit derivation of the equation for the 1d case and
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Relativistic diffusion

@ P-A. Lemieux, M. U. Vera, and D. J. Durian propose a Hyperbolic PDE for photon
propagation in scattering and absorbing media in Diffusing-light spectroscopies beyond
the diffusion limit: The role of ballistic transport and anisotropic scattering.

@ Their proposal is based on the explicit derivation of the equation for the 1d case and
adjustments for the 3d case to have the correct limiting behavior.

@ They found a Telegrapher's equation for the photon density :
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Pulse solution without boundaries

R. C. Tautz and |. Lerche calculated an analytical solution to a similar equation in Application

of the three-dimensional telegraph equation to cosmic-ray transport, from which we could
derive a solution to our problem.
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R. C. Tautz and |. Lerche calculated an analytical solution to a similar equation in Application

of the three-dimensional telegraph equation to cosmic-ray transport, from which we could
derive a solution to our problem.
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Pulse solution without boundaries

R. C. Tautz and |. Lerche calculated an analytical solution to a similar equation in Application

of the three-dimensional telegraph equation to cosmic-ray transport, from which we could
derive a solution to our problem.
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where Iy and /1 are modified Bessel functions of the first kind.
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Propagation of radiation

Photon density distribution inside the detector for times 1.1, 2.1, 3.1, 4.1, 5.1, 6.1, 7.1, 8.1,
9.1 and 10.1 ns
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Boundary effects and photon flow

The photon density does not give a direct way to calculate photon directions.

| consider flow on the boundary (where the detectors are) to be proportional to the fraction of
the volume of the sphere that is inside the detector. Then reduce the photon density inside the
detector using a mirror image of the emission point outside the detector.
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Propagation of radiation

Photon density distribution inside the detector for times 1.1, 2.1, 3.1, 4.1, 5.1, 6.1, 7.1, 8.1,
9.1 and 10.1 ns
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Total flow by distance

The number of photons through a detector (9.3 x 9.3 cm?) in the middle of the LArTPC
(absorbing box 365 x 1200 x 1400 cm3) with source in front of it at distances dcm (86.4; 160;
240; 320; 400). Comparison with MC (thanks to Vitor).

Variation in distance from emission points

107 4 10° 5 1 86.8cm
[ 160cm
10° 4 10° 4 1 240cm
1 320cm
10 4 g 10° [ 400cm
‘6
10° 4 & o
s
107 ] T 102
- 10!
T T T T lOD

T T T
50 100 150 200 250 300 0 50 100 150 200 250 300
time(ns)

Marcio Adames (UTFPR) Light Propagation August 27, 2024



Photons crossing the detector per nanosec

The number of photons through a detector (9.3 x 9.3 cm?) from a source in the middle of one
side 80cm away, with detector on the wall displaced by Ocm, 100cm, 200cm, ..., 600cm.
Comparison with MC (thanks to Lorena).

Variation of the angle from the detector to the emission point
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Comparison of the total number of photons collected

Distance |[Monte Carlo (MC) [Total Flow (TF) [MC/TF |Angle Monte Carlo (MC) [Total Flow (TF) MC/TF
86.4 1781035 1679980.2 1.06 51.3 480119 392953.6 1.22
160 417092 411190.4 1.01 68.2 107890 105181.6 1.03
240 157487 165655.9 0.95 75.1] 32888 31557.4 1.04
320 70605 80408.1 0.88 78.7 11624 20003.2] 0.58
400 34349 43188.8 0.8 80.9 4454 11758 0.38
82.4 1678 6795.6 0.25
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Thank you for your attention!
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