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Introduction
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Ø Tapered LYSO crystals of different shapes are used to form calorimeter

Ø Longitudinal energy uniformity and energy resolution of tapered LYSO crystals 

will be introduced in this talk 

From Omar’s slides



R&D contract with SICCAS
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Ø The calorimeter consists of  8 individual elements (in total 311 crystals )

Ø UW + ETH + SJTU ordered 3 pieces (one Pent and two Hex-A, form an array)

From David’s slides

*SICCAS: Shanghai Institute of Ceramics, Chinese Academy of Sciences

217 m
m



Pent and Hex-A LYSO crystal
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Ø Pent and Hex-A are produced using different processes

Ø One surface (face 0) is roughened with a roughness of a few micrometers, the rest 

surfaces are treated with mirror polishing

217 mm Pent LYSO crystal

217 mm

Face 0

Face 1

Face 2

Face 3
Face 4
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From Omar’s slides



LYSO crystal minor defects
Hex-A1 Hex-A2

4
Ø Received on January 1st   



Test setup 1/2
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𝛾

Movable source (Th232)

Collimator

LYSO crystalPMT
(R11410, 3-inch)

Optical grease (EJ-550)

Ø Energy uniformity scan with movable source

Ø Rotate LYSO+PMT to scan all faces

3D printed housing

ESR film (light reflector)



Test setup 2/2
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Collimator
Th232 source

PMT (R11410, 3-inch)

Rail

Crystal housing

LYSO crystal with ESR film

Optical grease



Example spectrum
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Ø Fit the 2.6 MeV peak from Tl-208 using a Gaussian + exponential decay function

Ø Light output at 2.6 MeV: Gaussian mean

Ø Energy resolution at 2.6 MeV: Gaussian sigma/mean

Single escape peak

Full absorption peak



Crystal surface treatment
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Ø 210 mm Pent crystal for R&D is used to optimize surface treatment strategy

Ø After surface treatment (a surface with a roughness of a few micrometers), energy uniformity 

is getting better, although even without treatment uniformity is good
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Energy uniformity of Pent
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Distance from PMT [cm]

Ø Energy uniformity of each face is better than ±1%

Ø Without renormalization of difference faces, RMS of 2.6 MeV light output ~ 0.13%
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Hex-A1 217
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Hex-A2 217
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Energy uniformity of Hex-A

Ø Energy uniformity of each face is better than ±1%

Ø Without renormalization of difference faces, RMS of 2.6 MeV light output ~ 0.47% and 0.52%

Ø Deviation of different faces could come from PMT Gain variation (need further investigation)

• 3-inch PMT nearly covers the large end of LYSO crystal

• To avoid saturation, a low gain is applied. PMT gain is difficult to calibrate, it is set to a constant value

Preliminary PreliminaryLi
gh

t o
ut

pu
t (

PE
) @

2.
6 

M
eV



8

Distance from PMT [cm]

En
er

gy
 re

so
lu

tio
n

@
2.

6 
M

eV

Energy resolution of Pent @2.6 MeV

Ø Energy resolution of all faces are consistent

Ø Energy resolution is better than 2.5% @ 2.6 MeV
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Hex-A1 217
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Energy resolution of Hex-A @2.6 MeV

Ø For each crystal, energy resolution of all faces are consistent

Ø Energy resolution of Hex-A1 / A2 is better than 3.5% / 3.0% @ 2.6 MeV

Preliminary Preliminary



Summary
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Ø Preliminary tests are made on one Pent and two Hex-A LYSO crystals 

Ø Energy uniformity:

• Both Pent and Hex-A are better than ±1%

Ø Energy resolution @ 2.6 MeV:

• Pent is better than 2.5% 

• Hex-A1 / A2 is better than 3.5% / 3.0%

Ø The differences between Pent and Hex-A might come from different crystal volume and 

production processes (further investigation is needed)



Comments from SICCAS
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Ø There is still room for improvement with various crystal preparation techniques available 

for optimization, minor defects can be further controlled, and surface conditions can be 

further refined

Ø In short, we are confident that we can do even better



Thank you!
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