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Samples and Experiment

SIC-1 30 x 30 x 130 1/13/2014  All faces
SIC-2 30 x 30 x 130 1/13/2014  All faces
SIC-3 30 x 30 x 130 1/13/2014  All faces
SIC-4 30 x 30 x 130 1/13/2014  All faces
SIC-5 30 x 30 x 130 1/13/2014  All faces
SIC-6 30 x 30 x 130 1/13/2014  All faces
SIC-7 30 x 30 x 130 1/13/2014  All faces
SIC-8 30 x 30 x 130 1/13/2014  All faces
SIC-9 30 x 30 x 130 1/13/2014  All faces
SIC-10 30 x 30 x 130 1/13/2014  All faces

SIC-11 Hexagon 18.6x 130  1/13/2014  All faces
SIC-12  Hexagon 18.6x 130  1/13/2014  All faces

* Properties measured at room temperature: LT , LO, LRU and Decay;
« Crystal ID is marked at the A end (coupling end for better uniformity);
 Decay time was measured at the 15t point to the A end coupled to PMT.
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Optical and Scintillation Specification

1. All faces shall be optically polished with a roughness
Ra < 0.02 ym.

2. The longitudinal transmittance (130 mm path length)
shall be > 75% at 420 nm.

3. The energy resolution shall be <12.5% (FWHM) at
511 keV, measured with a 2°Na source and a large
area photomultiplier tube (Hamamatsu R1306 or
equivalent) coupled to the crystal with optical grease.

4. The decay time constant for the scintillation light shall
be 50 ns or less.
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Longitudinal Transmittance (LT)

All crystals approach theoretical limit, indicating good optical quality
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Longitudinal Transmittance (LT)
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All crystals approach theoretical limit, indicating good optical quality
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Hexagonal crystal SIC-12 has the lowest LT, but meets 75% specification
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Pulse Height Spectra & FWHM: SIC-1

A: Average ER = 11.0 %

B: Average ER = 10.5 %
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Pulse Height Spectra & FWHM: SIC-2
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Pulse Height Spectra & FWHM: SIC-3
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A: Average ER =11.4 %

Pulse Height Spectra & FWHM: SIC-4

B: Average ER = 11.1%
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Pulse Height Spectra & FWHM: SIC-5

A: Average ER = 12.3% B: Average ER = 11.6%
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PHS & FWHM of SIC-6

A: Average ER = 10.5% B: Average ER = 11.2%
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PHS & FWHM of SIC-7
A: Average ER = 12.5%
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Crystal SIC-7 has the B end coupling missing 12.5% specification
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PHS & FWHM of SIC-8

A: Average ER = 12.2%

B: Average ER = 11.5%
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PHS & FWHM of SIC-9

A: Average ER = 11.9% B: Average ER = 11.4%
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PHS & FWHM of SIC-10

A: Average ER = 11.7% B: Average ER = 11.1%
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PHS & FWHM of SIC-11

A: Average ER = 10.5%

LYSO Mu2E SIC-11 Hexagon 18.6x130 mm¥Point 1
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B: Average ER = 11.4%
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Pulse Height Spectra & FWHM: SIC-12

A: Average ER =12.6 %

Channel Number
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eq=o1, Net peak= E.R= 12.8%
L L 1 I. I /\ L L 1 I L L L
_ _ Point 4
Ped=97, Net peak= 451 /\ E R= 12 5%
| | L R
Point 5
Ped=97, Net peak= 454 /-\ ER= 12 6%
I I . I 1 L 1
Ped=97, Net k=459 Conte
ed=9/, Net peak= E.R=11.7%
] ] /\ |
Point 7
Ped=97, Net peak= 469 /\ ER=115%
1 ' il I I I L I 1 1
0 200 400 600 800 1000

B: Average ER = 12.2 %

léYES% l\é/l2E ?Ig, 12 Hexagon 18.6x130 mm® Point 1
nd Couple _
PMT:R1306, Gate = 200 ns /\ E.R=12.5%
Ped=97, |N§_Q@K 477, |
Point 2
Ped=97, Net peak= 455 /\ E R= 12 3%
| R — | —— f . | ] " " L
Point 3
Ped=97, Net peak= 440 /\ E R= 12 4%
| | 3 L | | L 1 1
~ _ Point 4
Ped—97, Net peak— 429 /\ E R=11.8%
| I L Lo
Point 5
Ped—97, Net peak— 423 /\ ER: 1200/c
I I I I 1 1 L
Point 6
Ped=97, Net peak= 423 /\ ER=11.9%
L | e L
Point 7
Ped=97, Net peak= 429 /\ E R=12.5%
L L | 1 L | L 1 | i 1 1 | 1 1 1
0 200 400 600 800 1000

Channel Number

Hexagonal crystal SIC-12 has the A end coupling missing 12.5% specification

2/5/2014

Caltech HEP Crvstal Laboratorv
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Light Output and Response Uniformity

O0&rmsofl4d&1.1/1.0 & 0.6 % observed with the A end coupling

1.1

1.1

T T T R . T T T S T T T —E—— III|"'|"'|"'I3'"I"'II

| LYsO MUZE SIC-1 30x30x130 mm® A End couplecll | LYS(? Mu2E SIC_—2 30x30x130 mm A End coupled
PMT:R1306, HV=-1000V o5l CMT:R1306, HV=-1000V

1.05} Na-22, Coincidence Trigger . Na-22, Coincidence Trigger

0.951 8= (1.4%1.0)% 095k 8=(1.0£1.0)%
’ = [}
RMS=1.1% RMS=0.6 %

[ Average L.O. = 2637 p.e./MeV (200 ns) 09 Average L.O. =2744 pe/MeV (200ns)
9 e e
T T T I T T T I T T T I T T T BEnd Coupled

PR S T
I BEnId couplec;

Normalized Light Output
Normalized Light Output

0.95F ©=(-4.1£1.0)% ~ 095kL 6=(-8.5£1.0)%

RMS=2.5 % | RMS=4.6%
[ Average L.O. = 2531 p.e./MeV (200 ns) 1 09 Average L.O. = 2607 p.e/MeV (200ns) | .
0.9 —— '2'0' . '4'0' : '6'0' : '8'0' —0 '150' ~0 20 40 60 80 100 120

Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

2/5/2014 Caltech HEP Crvstal Laboratorv
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Light Output and Response Uniformity

0 &rms of 2.0 & 1.5/-0.1 & 0.6 % observed with the A end coupling

1.1

T T T I T T T I T T T I T T T T T T T T T T 1.1 T T T T T T T T T T T T T T T T T T T
| LYSO Mu2E SIC-3 30x30x130 mm® A End coupled | LYSO Mu2E SIC-4 30x30x130 mm® A End coupled
PMT-R1306, HV=-1000V PMT-R1306, HV=-1000V
- Na-22, Coincidence Trigger 7] 1.05F Na-22, Coincidence Trigger

b ————

1.05

—_

S 5

g 7 =

- _ =] = 0

So9s| 8=(20:1.0)% i S o095} 8= (0.11.0)% ]

= | RMS=1.5% = | RMS=0.6 %

()] Average L.O. = 2521 p.e./MeV (200 ns) =] Average L.O. = 2379 p.e./MeV (200 ns)

R e o o e o e R o e e N e ey 0.9 ~A——————————— 1

| | | | | 1 I I | 1 1

o B End coupled o B End coupled

@ o)

N N i |

< 1051 + . T 108

£ - ] £

— _

o o

z M_ z

095k 8=(-3.1£1.0)% - 095} 8=(-25+1.0)% i
RMS=2.1 % | RMS=16 %
Average L O. = 2529 p.e /MeV (200 ns) | gL verage 1O = 2402 pe/MevV(@0ns) | L 1
09— 20 20 0 8 10 120 ~0 20 40 60 80 100 120

Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

2/5/2014 Caltech HEP Crvstal Laboratorv



Light Output and Response Uniformity

0 & rms of -0.3 & 0.5/3.2 & 2.0 % observed with the A end coupling

1.1 : : 1.1

T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T T T
LYSO Mu2E SIC-5 30x30x130 mm® A End coupled | LYSO Mu2E SIC-6 3030130 mm® A End coupled|
[ PMT:R1306, HV=-1000V 1 PMT:R1306, HV=-1000V
1051 Na-22, Coincidence Trigger 7 105 Na-22, Coincidence Trigger
et 1 B + %’ % H + + — 45' 1 B + -
-}
a | a | ]
- S _
8 095} 8=(-0.3+1.0)% ] O 095 6=(3.2£1.0)% |
= | RMS=05% = | RMS=20%
) Average L.O. = 2375 p.e./MeV (200 ns) | D L Average L.O. = 2439 pe ey OO NS 1
. O s N AN AL BN R R B
e LB 3 Fpst o 3 | £ End coupled|
o} & +
N =105} -
© ©
£ £
S o L
> pa
0.95 L S = (-23i1 .0)1% 095} 0= (-60i1 .0)‘%
’ RMS=16 % 7] | RMS=3.6 %
[ Average L.O. = 2390 p.e/MeV (200ns) | 1 09 Average L.O. =2454 p.e/MeV (200ns) |
0.90 —— >0 —— 20 —1 50 Lt 30 L—L '100' L '120' 0 20 40 60 80 100 120

Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

2/5/2014 Caltech HEP Crvstal Laboratorv



Light Output and Response Uniformity

0 &rmsof 0.9 & 1.4/-0.1 & 0.8 % observed with the A end coupling

1.1

1.05F

| LYSO Mu2E SIC-7 30x30x130 mm®
PMT:R1306, HV=-1000V

Na-22, Coincidence Trigger

I A End cbulpléd_

—_
1

+_
A Ik I S

&= (0.9+1.0)%
RMS=1.4 %

[ Averagle L.O. = 2|406 p.e./IIVIeV (200I ns)

Normalized Light Output

095

& = (-5.5+1.0)%
RMS=3.1 %

[ Averagle L.O.= 2|269 p.e./IIVIeV (200I ns) :

PR I T L
EIB End coulpled_

09
0

20 40 60 80

100 120

Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

Caltech HEP Crvstal Laboratorv

2/5/2014

Normalized Light Output

1.1

1.05

—

[ PMT:R1306, HV=-1000V
[~ Na-22, Coincidence Trigger

LYSO Mu2E SIC-8 30x30x130 mm® A End coupled

o
o]
&

B T

§=(-0.141.0)%
RMS=0.8 %

o
©

—

o

(&)}
1

095}

0.9

[ Averagle LO. = 2|542 p.e./lMeV (200I ns)

[ Averagle LO. = 2|660 p.e./IMeV (200I ns)

| 1
EIS End coulpled_

§=(-2.0£1.0)%
RMS=1.4 %

0

20 40 60 80 To0 120
Distance from the end coupled to PMT (mm)



Light Output and Response Uniformity

O0&rmsofl9&1.1/2.5 & 1.4 % observed with the A end coupling

1.1

1.1

N LS L S AL L U L L S
| LYSO Mu2E SIC-9 30x30x130 mm® A End coupled| - ;\KASTC_)RT%GE 355130 55530”30 mm" A End coupled
PMT:R1306, HV=-1000V o5k oo YR
~ Na-22, Coincidence Trigger . Na-22, Coincidence Trigger

095k 6=(1.9£1.0)% .
| RMS=1.1%
Averagle L.O.= 2|436 p.e.fIMeV (200I ns)

1.05

—

095k 0=(25+1.0)% .
| RMS=14 %
Averagle L.O.= 2|302 p.e./lMeV (20[]I ns)
e o o o o o e e

PR T L
BI End coulpled_

| IR T L
EIS End coulpled_

Normalized Light Output
Normalized Light Output

095} o= (-67i1 .0)0/0 095 6= (-90i1 .U)OAJ

| RMS=3.7 % | RMS=5.0 %
Averagle LO.= 2|458 p.e.fINIeV (200I ns) | | Averagle L.O.= 2|234 p.e./IMeV (200I ns) | |
0'90 20 40 60 80 100 120 0'90 20 40 60 80 100 120
Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

2/5/2014 Caltech HEP Crvstal Laboratorv



Light Output and Response Uniformity

O0&rmsof-2.0&1.8&0.7 & 1.5 % observed with the A end coupling

1.1

1.1

| 1LYSO Mu2E SIC-11 Hexagon 18.6x130 mmA End coupled | LYSO Mu2E SIC-12 Hexagon 18.6x130 mmA End coupled
PMT:R1306, HV=-1000V PMT-R1306, HV=-1000V

1.05F Na-2¥, Coincidence Trigger 1 105 Na-22, Coincidence Trigger

-
1

1w_*+++++-_

095k 0=(-2.0+1.0)% 095L 0=(0.7£1.0)%
| RMS=1.8 % | RMS=1.5%
Averagle LO. = 2|184 p.e./lMeV (200I ns) Averagle LO. = 2|140 p.e./lMeV (200I ns)

| L | I 1
EIB End coulpled_ + ! I I I EIS End coulpled_

Normalized Light Output
Normalized Light Output

095 8= (-85+1.0)% 095k 8=(-7.2+1.0)%

| RMS=5.0 % RMS=4.6 %
Averagle L.O.= 2|234 p.e./IMeV (200I ns) L Averagle LO. = 2|055 p_e_/IIVIeV (200I ns) |
%9 20 40 60 80 100 120 0% 0 &0 80 100 120
Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

LRU is not good with the B end coupling to the PMT

2/5/2014 Caltech HEP Crvstal Laboratorv

23



Decay Kinetics

Decay time of (50 to 58) ns observed

I ' 1 '
4000 |- LYSO M2E SIC-1 30x30x130 mmé .
PMT:R1306, HV=-1000V, Tyvek Wrapped
— © - — V(-Ur)
> 2000 LO= A0+A1(1-e ) ]
[0} A, A, T
=
= 0 2756 53
Q) D 1 | j L
o 4000 LYSO M2E SIC- 2 30><30><‘I 30 mm .
_:’ PMT:R1306, HV=-1000V, Tyvek Wrapped
> © <
= 2000} L.O=Ag+A (1) .
@) A, A, T
% 0 2858 58 .
- 4008 5o MoE S10 b 30:307130 ]
PMT:R1306, HV=-1000V, Tyvek Wrapped
2000 T LO=AzA, (1) i
A, A, T
0 2621 51
1 L 1 L
0 0 500 1000
Time (ns)
2/5/2014

1500

4000

2000

P
o
o
o

Light Output (p.e./MeV)

2000

LYSO Mu2E SIC-4 30x30x130 mm>
PMT:R1306, HV=-1000V, Tyvek Wrapped

L.O = Ay*A,(1-e™7)

A A T

0 1

0 2493 51
. | L

LYSO Mu2E SIC-5 30x30x130 mm®
PMT:R1306, HV=-1000V, Tyvek Wrapped

o= A+A,(1- PCT

A A T

0 1

0 2459 51

LYSO Mu2E SIC6 30x30x130 mm?
PMT:R1306, HV=-1000V, Tyvek Wrapped

L.O = A *+A,(1-e™7)

A, A, T
L 0 2512, 50
0 500 1000
Time (ns)

Plan to measure decay time with other method

Caltech HEP Crvstal Laboratorv
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Decay Kinetics

Decay time of (41 to 54) ns observed

. . , 4000 — . . . .
2000  LYSO Mu2E SIC-7 30x30x130 mm® i LYSO Mu2E SIC-10 30x30x130 mm®
PMT:R1306, HV=-1000V, Tyvek Wrapped PMT:R1306, HV=-1000V, Tyvek Wrapped
; 2000 - © LO = A0+A1(1_é‘(-Ut]) ] > 2000 |- LO= A +A (1 UT)) -
(o) (4] AO A1 T
= A, A, T S
E 0 2522 51 3 0 2311 90
| - ) 4000 —4 : - ; +
& 4008 F1 LYSO Mu2E sIC-8 30X30X130 E = ! LYS(? Mu2E 8IC‘_11 Hexagon 18.6%130 mm
= PMT:R1306, HV=-1000V, Tyvek Wrapped = PMT:R1306, HV=-1000V, Tyvek Wrapped
> ™ " -
% 2000 [- L.O = Ag+A, (1) - % 2000 |- L.O = A+A,(1- ”ﬂ) ]
O A, A, T @) Ay A1 t
= 0 2669 54 = 0 2339 47
. I ; l . l@)] ; l . I .
2 O VS0 e sids 0ot s0 R = 400 VSO MIUZE SI0-12 Hexagon 18.6%130 mm®
PMT:R1306, HV=-1000V, Tyvek Wrapped PMT:R1306, HV=-1000V, Tyvek Wrapped
2000 L.O = A+A,(1-e"7) . 2000 | oo A+A (- v, =
A, A, T A, A1 T
D | 0 2500, 53 | | 0 | 2221 . 41 |
0 500 1000 1500 03 500 7000 1500
Time (ns) Time (ns)

Plan to measure decay time with other method

2/5/2014 Caltech HEP Crvstal Laboratorv 25



A 11.0 2637 1.4 1.1
sic-1 30 x 30 x 130 81.7 396.8 61.9 53
B 10.5 2531 4.1 2.5
A 11.1 2744 1.0 0.6
sic-2 30 x 30 x 130 83.0 395.3 64.2 58
B 12.2 2607 -85 4.6
A 10,5 2521 2.0 15
sic-3 30 x 30 x 130 81.8 396.4 62.4 51
B 11.5 2529 3.1 2.1
A 11.4 2379 0.1 0.6
sic-4 30 x 30 x 130 82.2 395.1 63.9 51
B 11.1 2402 25 1.6
A 12.3 2375 03 05
sic-5 30 x 30 x 130 82.3 395.2 63.8 51
B 11.6 2390 2.3 1.6
A 10.5 2439 3.2 2.0
SIC-6 30 x 30 x 130 80.3 395.4 62.5 50
B 11.2 2454 6.0 3.6
A 125 2406 0.9 1.4
sic-7 30 x 30 x 130 82.1 394.8 64.1 51
B 12.8 2269 55 3.1
A 12.2 2542 0.1 0.8
sic-8 30 x 30 x 130 82.7 394.7 64.8 54
B 11.5 2660 2.0 1.4
A 11.9 2436 1.9 1.1
sIc-9 30 x 30 x 130 82.4 394.7 64.2 53
B 11.4 2458 6.7 3.7
A 11.7 2302 2.5 1.4
SIC-10 30 x 30 x 130 81.4 395.4 62.6 50
B 11.1 2234 9.0 5.0
Average 81.6 395.4 62.3 11.1 2466 A:1.2 A:1.1 51.5
rms/Ave 0.3% 0.3% 0.8% 0.6% 12% B:-5.0 B: 2.9 4%
A 10.5 2184 2.0 1.8
sic-11 gegfgl%% 79.8 395.5 62.1 47
: B 11.4 2234 -85 5.0
A 12.6 2140 0.7 15
sic-12 l'gegfgl%% 79.3 396.0 61.2 41
: B 12.2 2055 7.2 46
Average 79.6 395.8 61.7 11.4 2153 A:-0.7 A:1.7 44
rms/Ave 0.4% 0.1% 1% 32% 4% B:-7.9 B:4.8 10%

2/5/2014

Poor LO & FWHM of two hexagonal crystals seem caused by poor transmittance

Overall good performance. To be understood: decay time of longer than 50 ns
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