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Light collection in crystal: trapping vs
scattering

ZEMAX toolkit for simulation of light collection

Validation of ZEMAX modelling: determination
of absolute light output of CaMoO,

Shape and light collection: optimization of
geometry of scintillation detectors



Light trapping and escape

Trapped ray

Escaped ray

Escape cone

Snell’s law: o, = asin(1/n)

Number of detector hits

Light collection fraction:n = Total number of rays
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Effect of light scattering

/ Scattered & escaped ray

Trapped ray

Escaped ray

Escape cone

Scattering brakes symmetry of permanent reflections
modes allowing light escape crystal

+ effect of surface (diffuse reflection and scattering)
No analytical solution for light collection n =2
Goto Simulation



Simulation of light collection in ZEMAX

Simulates photon propagation in non-sequential
mode (after energy deposition stage):

Input : i)wavelength, ii) material’s characteristics, (refraction,
absorption and scattering), iii) experiment geometry
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Reflection

Generation —> Absorption

Scattering
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Output : i) fraction of detected energy = light collection efficiency
i) energy distribution in detector plane(s)




User interface of ZEMAX

#] zEMax-EE - 29846 aMo04-CubeScint +Grease. ZMX [_[=]x]
File Editors System Andlysis Tools Reports Macros Extensions Window Help C t d t t bI
el e 5 S B ] G| 1 I 15 50 o B 1 v e B 10 - . -OMPONENTS aNdA geEOMeETLry table
REIE
it Solves Emors Detectors Datsbass Tools YView Help
Object Type Tilt About Z Haterial H1 Half Width | ¥1 Half Width Z Length Y2 Half Width | ¥2 Half Vidth | Front X angle | Front ¥ Angle | Rear X Anale | Rear ¥ kngle | Far 1U(u1ﬂ
T[Rectangul . 0.000 CAND04 £ 000 5 000 10.000 5 000 £ 000 0000 0000 0000 7.000
2| Source Vo 0000 E g 100000 1000 i i FREEE] 4 999 4 999
3| Rectangul 0000 EK7 14 000 14 000 1 000 14 000 14 000 0 000 0 000 0000 0000
1| Fectangul 0000 SILICH 5 000 5 000 0 050 5 000 5 000 0 000 0 000 0000 0 000
5[ Cylinder 0000 HIRROF] T4 000 10 100 14000
&[Detsctor 00 100 100 i 1 i E 0 000

Material Properties o

TOow Text Zoom

Trdete Sethngs PAnt Window Te

GLASS: CAMODY GLASS: CAMOOY

Ray-tracing screen
ff Z: nsC 3D Layout

Update Settings Print  ‘window Text Zoom

INDEX OF REFRRCTION

TRANSMISSION THROUCH 25,00 MM

] = sen  om am  am  am
WALELENGTH IN &0 WRAVELENGTH TH s

INOEX OF REFRACTION V3 WAWELENGTH TNTERNAL TRANSHISEION Us . WAVELENCTH
HOM FUG 24 3BL3 VO ALG Z6 2813

TEMPERATLRE: 20, PBOP OECREES CELSIUS TRANSMESSTON THROUGH 25,B8 MM

FRESSIRE ' |.0DB@ ATHOSPHERES

TAODY - CUESSLINT YCREAGE ZNL CINTICREREE .THX|
CONFIGURRTION L dF 1 TION 1 DF 1

“ 3D model Detector view

Spin

DETECTOR IMAGE: INCOHERENT IRRADIANCE

NOW_FUG 34 ZRL3
DETECTOR: &, MSCG_SURFACE 1:
SIIE 23.000 W X 78.809 H MOLLIMETERS, PIMELS G0 U X 1B@ H, TOTAL HITS = 172459
PEAK TRRFOIANCE I7SE-001 HRTTSA
AL FOUER. 343E-001 WRTTS

distart| | (@ @ (0] > || 4 zemax-ee- z9s46 | @‘ %0 1343



Validation: Light collection of CaMoO,

experiment with AIR ga
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Validation: Light collection of CaMoO,

Light collection efficiency %
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Optimization of cryogenic scintillation
detector

Features of cryogenic experiment:

* space limited experiment (maximise “scientific
payload”)

* no touching, no coupling

* large crystal volume and aspect ratio H/S

* enhanced light trapping and self absorption
* manufacturability and maintainability

Q. Can light collection be improved through optimisation of
experiment geometry?



Model geometry

Scintillator

Reflector 7

Vertical Crs.Sec. View (H )

£ _

/< Horizontal

Crs.Sec. View (H,)

7
Detector View (n)

Light hit fraction: H =
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Hexagonal shape = escape
0=60.5° o=45°




Effect of reflector shape
(tapered conical reflector 1:1.5)

Scintillator o
peflector| O Shape  In,%

Hexagon 42.5
Dodecahedron 39.9
Cylinder 37.6
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Effect of shape on light collection
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Summary

ZEMAX proves to be efficient and competitive
tool for reliable simulation of light collection of
scintillation detectors.

Absolute light yield of CaMo0O4 scintillator is
determined to be 7.5 ph/keV

Improvement in light collection of is possible by
a) changing cylindrical geometry of scintillator
crystal for multifaceted prism b) changing
reflector from cylindrical to truncated cone

Envisaged improvement of light collection is from
31.3% to 42.5% (or one third)



