Ingredients of smulation

. YAP crysta

 Total internal reflection
Lens

» Refraction at refractive index change (semi-spherical)

* Lossdueto refraction out of crystal < :
Sapphire

* Photon loss due to absorption v window

» Photon loss due to reflections (R < 1)

« HPD quantum efficiency | “——photocathode

« HPD point spread function
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Total interna reflection
qc =asn(n,/n)

/ = L &inqdad =2 (- cosq)
» T 2 e
n j n =194 ® g, =59

® e = 24.25% per side

n, =1 (air)

Nice surprise !
Light transport efficiency through rectangular crystal bar (n=1.94)
Simulation: e = 40.4% per side, i.e. 80.8% total.

Almost too niceto betrue! Check !
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theta emission (rad)
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only photons outside circles are propagated by total internal reflection
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phi emission (rad)

PET — HPD
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e=1-

4pd*

2P

=0.8074



Plot only photons which got

lost in crysta

(I yvap=%¥)
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last in crystal, theta — phi
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Dimensions: X, = 3.2 mm, y, = 3.2 mm, z. = 100 mm

crystal mesk area.
YAP between
YAP CrySd . Cry§a| S
sapphire lens, End polished
half spherical as sphere
window

L L7 L2 =
i e i

Ve YV YV YV

( YV

pad size matches crystal increased pad size
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lens pad size| dyingow | RMS, | Npe(total) | Nye(central) | Fraction
(mm) | (mm) | (mm)

no lens 35 1.8 1.624 | 1097 662 0.603
no lens 4.0 1.8 1.624 | 1101 751 0.682
slgpphi re lens 3.5 1.8 2.03 654 315 0.481
(R=2.26 mm)

Sapphire lens 35 1.8 1.11 600 463 0.772
(R=6 mm)

“YAPIlens’ 3.5 1.8 1.10 596 465 0.780
(R=6 mm)

“YAPlens’ 3.5 1.8 1.09 597 468 0.784
(R=7mm)

“YAPlens’ masked 35 1.8 0.95 536 458 0.854
(R=6 mm)

“YAPlens’ masked 4.0 1.8 0.95 536 492 0.917
(R=6 mm)

“YAP lens’ masked 4.0 1.3 0.90 536 511 0.953
(R=6 mm)

RMS (ideal, without lens) = 3.2 mm / sgrt(12) = 0.923 mm
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Z scan
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