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Crystal Samples and Experiment

SiC-11
SIC-12
SHE-13

sic-14
sic-15
SIC-16

SIC-17
SIC-18 !
SIC-197~
SIC-20

SIC-1,20 4/25/2014 30x 30 x 250 Six surfaces

Properties measured: light output, decay kinetics
and light response uniformity for Tyvek and other wrappings
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Effect of Crystal Wrapping (I)

The highest LO is observed with 8 layer Teflon wrapping
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Effect of Crystal Wrapping (l)

'MuZe BaF, SIC-1 30x30x250 mm”
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i ,L/ ? T T
<800 |- -
()
= Adding Al foil helps
©e00 ML VWM if Teflon layers is
= T less than 8.
= i l
_9.400 ~ [// @ 3xTeflon Film: 117 615 6467
= . l
O 3% m 3xTeflon Film: 119 701 643
- J®  +2xAl Foil 1
< 200 5& 5xTeflon Film: 123 736 6327
o T
— I % 5xTeflon Film: 123 775 641 7
[ +2xAl Foll |
OF  oB8xTeflon Film: 167 837 6397
8xTeflon Film: 165 839 640 -
. F2xAl Fpil A R
0 1000 2000 3000 4000
Time (ns)

9/22/2014 Caltech HEP Crvstal Laboratorv



Summary: Wrapping Test for SIC-1

Fast LO LO: 50 ns RMS 6-50 ns Rg 50 ns Slow LO LO: 2.5 us RMS 8:-25pus | Rg2.5ps
(p-e. /MeV (p.e./MeV) | 50 ns (%) (%/X,) (%) (p.e./MeV) | (p.e./MeV) | 2.5 ps (%) (%/X,) (%)

Al Foil (4) -2.0 -44.8 563 579 8.5 -0.3 -25.9
Al Mylar (2) 129 148 10.7 -0.9 -30.4 597 644 5.6 0 -17.3
ESR (2) 119 130 11.0 -1.4 -30.2 467 525 5.0 -0.4 -15.1
Teflon (3) 117 117 21.0 -0.5 -63.5 615 567 12.9 1.2 -43.6
Teflon (3) 119 125 20.4 -0.8 -61.9 701 645 12.2 0.3 -39.0
+Al Foil (2)
Teflon (5) 123 135 18.3 -0.9 -53.5 736 706 9.7 0.3 -32.0
Teflon (5) 123 135 17.9 -1.1 -52.8 775 741 13.0 -1.2 -37.6
+Al Foil (2)
Teflon (8) 167 172 20.7 -2.0 -58.2 837 788 13.0 -1.2 -37.9
Teflon (8) 165 178 20.6 -2.2 -58.6 839 788 13.1 -1.3 -36.8
+Al Foil (2)
Teflon 118 125 18.2 -1.1 -53.1 614 574 12.1 0.5 -39.4
Plate
Tyvek (2) 119 130 14.4 -1.6 -39.8 591 586 9.4 -0.1 -29.6

Two layers of Aluminized Mylar seem providing the best uniformity
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Reflectance Measurements

Al Foil AlMylar ESR Steel Foil Tyvek Teflon  Teflon  Teflon
3 layers 5 layers 8 layers

= 7 N\ i A~
\ :
4 2 Ii= a Is 1le e 2a 23 2a

L= 20 2%

= = 10 L

Thickness
Sample ID (um)
Al Fol 15 Properties measured
Al Mylar 10 at room temperature:
ESR 65
Steel Foil 2 Reflectance as a
Tyvek 150 function of wavelength
Teflon x3 25%3
Teflon x5 25x5
Teflon x8 25x%8
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Setup for Reflectance Measurement

Hitachi U3210 UV/Vis Spectrophotometer Large Sample Compartment

Mirror

Reference beam %

PMT at the bottom window

Integrating sphere

Measurement beam

Film sample of 15 mm in diameter
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Systematlc Uncertamtles
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) 6 .
~: Up to 15% with
of A shorter than
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Normalized Reflectance

BaSO, is the coating material used in the integrating sphere
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LO versus Reflectance for BaF, SIC-1

Positive correlations observed
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Radiation Damage in Various Reflectors

Aluminum folil is the best reflector up to 100 Mrad
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Radiation Damage in Wrapping Materials

Al foil is radiation hard up to 100 Mrad for BaF,
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Light Response Uniformity

Crystals wrapped with two

m layers of Tyvek (2 x 150 um)

One end coupled to
BaF, __ 12 E—— qvt MCA
< Na =
= LeCroy 3001 PC

Crystal

\

Hamamatsu R2059 PMT
With DC-200 grease coupling

NN

Gate generator y y )
LeCroy 2323A 4 N

50 ns and 2.5 us gate
Coincidence trigger from
a Na-22 source

Discriminator

A\
* [ e

Yeua( 1-0)

Light output and FWHM energy resolution -

X mid

(see report dated 6/25/14) are measured
at seven points along the crystal
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No Difference between Coupling Ends

SIC1: No difference with alternative ends coupled to the PMT
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Intrinsic scintillation production is uniform
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LRU and LO of No0.1-10 (Tyvek)
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Normalized Light Output

9/22/2014
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CMS Uniformity Specification

D. Graham & C. Seez, CMS Note 1996-002

Optimum slope in
rear 100mm is 8% rise
Can

tolerate

almost any
slope at
front

Slope < 0.3%/X,
where most of the
energy is

Heam
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Front Slope and Back Rise
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Front Slope & Back Rise: N0.1-10 (Tyvek)

- Mu2e BaF, SIC-1 30x30x250 mm” RS
15L "R2059, Grease, Tyvek wrapped 7
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Front Slope & Back Rise: N0.1-10 (Tyvek)

F T MUZe BdF, S1E01 7 30%30:4250 mhm® T T T
1.5 PMT:R2059, Grease, 1yvek wrapped 7
1 - —}
 Back Rise = (:29. 3:26)7% o—o— ]
05F & = (-0.1£0.4)%/X RMS=9.4 s
- Average [ O =586 p.e./MeV (Gate= 2500 L1
- ' MU2e BAF. SIC 2 3030350 mhm” !
5 151 PMT:R205%, Grease, Tyvek wrapped ]
3 ]
-+ 1F —
= m -
O 05} & = (-0.4+0.4)%/X -
i . Average [[O 5607 p. a/MeV (Gate 2500 OSh +
5 . .[ MuZeBdF, SIC-3 505300350 rim” ILRARE
2151 PMT:R205%, G rease, Tyvek wrapped §
o
O]
N
©
€ 15 P
o 4L i
zZ Back Rise = (-35.0+2.6)% = ]
05 &= ( -0.010. )%/X? RVMS=1O.8 % 1
e 30 ]
1.9 PM R205?9 Grease Tyvek wrapped 7
1 - —}
 Back Rise = (:330:26)% ¢—e— ]
05 & = (-0.2+0.4)%/X RMS=10 .
 Average [.O, 5578 p.e./MeV. (Gate gsoo ns). ,
0 25 50 75 100 125 150 175 200 225 250
Distance from the end coupled to PMT (mm)
9/22/2014

Normalized Light Output

30x30X250 mm” T T

530502

Mu2e | 1
- PMT: R205?9, Grease Tyvek wrapped ]
[ Back Rise = (32 5+2.6)% ¢—o— g
- OF .310.4)%/X RMS=10.4 % .

A\reraqe L, O = 554 p.e./MeV. (Gate 2500 ns). e
Mdze BdF. SIC-8 30><30>3250 mm” !

O5§ Grease, Tyvek wrapped y
[ Back Rise = (-32 2+2.6)% e g
- O = (-0.5+0.4)%/X RMS=10.5 % .

A\reraqe L0, 5 57B.p..IMeV (Gate=2500 0S)-+

Mu‘Ze BdF §1€76 505304250 M |
PMT:R2059, Grease, Tyvek wrapped 7

- Back Rlse = -43 O+2 7)%
- O 4+0.4)% RMS=14.9 % =
A\reraqe L, O =| 1& peMeV (Gate= 4500ns),
MuZe BaF ., S O B0X 30350 M !
- PIVIT R205© ease, Tyvek wrapped g

| Back Rise = (-31.4+2.6)% ]
-0.3+0,4)%/X RMS i

6
A\reraqe L.O. 5578 p.e./MeV (Gate 2500 ns) oo
0 25 50 75 100 125 150

Distance from the end coupled to PMT (mm)
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175 200 225 250
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Summary of Light Output

Consistent with LO obtained by fitting decay kinetics

7 . 8 .
MuZe BaF2 I\Eﬂr:erll:s 1182.3 Muze Ban 3 hE:‘Jr:sT:S 5612.2
SIC 30x30x250 mm® RMS 7.377 , SIC 30x30x250 mm RMS 38.45
— = 0

8 FRMS/Mean = 6.2% RMS/Mean = 6.8%
6 -

5 -

90 ns 2.5 us

5 -

4 -
4 -

3 L
3 -

2 -
2 -

SI%—Q SI?-Q
14 N B
\ T
Lt R L Q T ‘.
95 100 105 110 115 120 125 130 135 400 450 500 550 600 650
LO of 50 ns Gate (p.e./MeV) LO of 2500 ns Gate (p.e./MeV)
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Correlations between Slow & Fast Components

Positive correlations observed

95 660 T T
: 1 3 s40 [ Mu2e BaF., SIC.30x30x250.mm’
94 |--Mu2e Bal, SIC.30x30x250. mm - <
I ] —~ 620 CC.20.76 :
§ 93: CC=094 : %600_ _+_ -+- 7777777 7:
- B _*_+' ] = i + ]
c i ] = i . ]
o | +{#’ I s |
@) - & e ] 3560' '“' *‘ ]
e ol * ' - o | . e ‘
g - T | © 540f *+ *
O aof ] O
2z + + ] ® 520 *
o) i ]
5 8ot O 500
— o
© e + &3 480
5o 5
[ 460
= 87| + @)
W f — 440
86; 420t *
76 78 80 82 84 86 88 90 92 94 90 95 100 105 110 115 120 125 130 135 140
EWLT of Fast Component (%) LO of 50 ns Gate (p.e./MeV)
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e

Correlations between ER and LO

Negative correlations observed

IMu2§e Ba

54

[ CC = 0.86

F, SIC 30x30x25(

52

50

46

48 | — 5

.....................

44

ER of 50 ns Gate (%)

42

PO NS W WS W S S

3 - ]
) mm 25 EMu2e. BaF,.S1C.. 30x30x250.mm. J
g FCCE 0.9 b E
S X ]
e o3 R S A S S —— -
T = ;
(D 22_ SRRSO SURRP SRS SO N -
""" ] 2 [ ; i ; ; : ; P
C 21 bbb e SR S SO S
o o : : : : : : E
2
VL] s s m S SR S e e -
g B H 1
o f - Ty ]
4}._._ Hi 19: s :“%r ..... ?
R wh.
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% ----- —- 1? -_ ........... -.....;\.:..‘ .............. ..-.\..;\. .......... __
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90
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100

LO of 50 ns Gate (p.e./MeV)

105 110

115

120

125

130 135 140

Caltech HEP Crvstal Laboratorv
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LO of 2500 ns Gate (p.e./MeV)

650
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Summary of RMS of LO Measured @ 7 Points

14/9% observed for 50 ns/2.5 ys gate

MuZ2e BaF2

I SIC 30x30x250 mm?

s RMS/Mean = 18.4%

Mean
RMS

Entries

20
13.60
2.505

SIC-9
4

9/22/2014

10

12

14

RMS of 50 ns Gate (%)

16

N
18

20

22

7

RMS of 2500 ns Gate (%)

Caltech HEP Crvstal Laboratorv

Entries 20

Mu2e BaFZ Mean 9.255

3 RMS 2.053
- SIC 30x30x250 mm
| RMS/Mean = 22.2%

SIC-9

J
8I 10 I 1|2I I I1|4I I 1|6I
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Summary of Light Response Uniformity

22/14% negative slope observed for 50 ns/2.5 us gate

Entries 20 Entries 20

Muze BaF2 Mean 22.30 Mu2e BaF2 Mean 14.07

5 LRMS 3.605 5 RMS 3.079

" SIC 30x30x250 mm I SIC 30x30x250 mm

6 6
51+ 5
4+ 4t
3 3
2 5|
1+ 1+

D.l.. Syl 1 e NN Olllll | A R n L1

15 75 30 325 35 8 18 20 22 24
LRU of 50 ns Gate (%) LRU of 2500 ns Gate (%)

A conseguence of UV absorption

9/22/2014 Caltech HEP Crvstal Laboratorv
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Summary of Front Slope (Tyvek)

1.4% & 0.2% per X, observed for fast & slow components

8 Entries 20
Mu2e BaF, Mean 1414
3 RMS 0.4882
I SIC 30x30x250 mm
s
5 -
50 ns
4 L
3 -
2 L
SIC-15 SIC-9
b
1 - e e e
-3 -2.5 -2 -1.5 -1 -0.5 0

9/22/2014

Front Slope of 50 ns Gate (%/X,)

Mu2e BaF,
SIC 30x30x250 mm?®

Entries

Mean
RMS

NN

20
-0.2346
0.3880

Simulation i1s needed to understand the conseguence

Caltech HEP Crvstal Laboratorv

1

26



Summary of Back Rise (Tyvek)

38% and 28% observed for fast and slow components

8 Entries 20 8 Entries 20
MuZ2e BaF2 Mean -38.36 MuZ2e BaF, Mean 28.12
3 RMS 6.529 -k 3 RMS 5.788
I SIC 30x30x250 mm SIC 30x30x250 mm
6 6
5 5
4~ 41
90 ns 2.5 us
3k 3r
ot 2r
SIC-9
SIC-9 1
) N
r NN
0 1111 '\l\ \\..l\:\.l | \| AN PR AR S N\ -
0= L NN NN SO YNSNINNNNGNE -50 -45 -40 -35 -30 -25 -20 -15
-60 -50 -45 -40 -3 -30 -25

i 0
Back Rise of 50 ns Gate (%) Back Rise of 2500 ns Gate (%)

Simulation is needed to understand the consequence
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Summary

= Crystal SIC-1 was measured with different wrappings:

= Light output of BaF, crystals depends on crystal wrapping. Eight
layers of PTFE Teflon film (8 x 25 um) show the best light output,
followed by two layers of aluminized Mylar (2 x 10 um), four layers
of Al foil (4 x 15 pym) and two layers of Tyvek paper (2 x 150 ym
1056D). Additional Al foil helps if Teflon layers are less than 8.

» Positive correlations are observed between the BaF, light output
and the measured reflectance of wrapping materials.

= Al foll is radiation hard up to 100 Mrad.

= Light response uniformity was measured for all twenty

9/22/2014

BaF, crystals wrapped with two layers of Tyvek paper:
= No change of LRU when the crystal end coupled to PMT is altered.

= An overall negative slope of 22% &14% (rms of 14% & 9%) was
observed for 50 ns & 2.5 ys gate, indicating absorption dominance
of the UV light.

= An alternative fit with two segments shows 1.4%/X, & 0.2%/X, slope
In the front 13 cm and 38% & 28% rise in the back 12 cm for 50 ns &
2.5 Us gate.

Caltech HEP Crvstal Laboratorv

28



Normalized Light Output

9/22/2014

No Difference between Coupling Ends

1.5

1.4

13

1.2
1.1

1
0.9

08

0.7

0.6

14
1.3
1.2
1.1

1
0.9

08

0.7
0.6

SIC2: No difference with alternative ends coupled to the PMT

'MuZ2e BaF, SIC-2 30x30x250 mm® '
PMT:RZOS?Q, Coincidence Trigger 7
Grease, Tyvek wrapped A end coupled

0=(-22.4+1.1)%
| Average L.O. =128 p.e./MeV (Gate=50 ns)
e e I

B end coupled

0=(-23.3t1.1)%
| Average L.O. =131 p.e./MeV (Gate=50 ns)
e b Ly

Lo 1000
175 200 225 250

0 25 50 75 100 125 150
Distance from the end coupled to PMT (mm)

Normalized Light Output

14

1.3

12

1.1

1

0.9

0.8

0.7 p—++

1.3

1.2

1.1

1

0.9

0.8

0.7 ==

L L L LN AL NN B UL B
Mu2e BaF, SIC-2 30x30x250 mm®

PMT:R20529, Coincidence Trigger .
Gregse, Tyvek wrapped A end coupled

|

5= (-15.6+1.1)%

Average L.O. =607 p.e./MeV (Gate=2500 ns)

d=(-15.6%1.1)%
Average L.O. =593 p.e./MeV (Gate=2500 ns)

Lo b b e
0 25 50 75 100 125

Distance from the end coupled to PMT (mm)

Caltech HEP Crvstal Laboratorv

150 175 200 225 250
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Mu2e BaF, SIC-3 30x30x250 mm®
14 PMT:R205?9, Coincidence Trigger
13k Gresse, Tyvek wrapped A end coupled
1.2
1.1
= 50 ns
;
e
S 0.9
O
= 00 5= (-25.061.1)%
D2 07 Average L.O. = 117 p.e./MeV (Gate=50 ns)
- A B T B T N N R B I
0.6 =
5
O 14 °
N 13l B end coupled
< 1
£ 12
3 11
]
0.9
081 §=(-27.3:1.1)%
07T Average L.O. = 117 p.e./MeV (Gate=50 ns)
oo ey
0'60 25 50 75 100 125 150 175 200 225 250
Distance from the end coupled to PMT (mm)
9/22/2014

No Difference between Coupling Ends

SIC3: No difference with alternative ends coupled to the PMT

Normalized Light Output

14

1.3

12

1.1

1

0.9

0.8

0.7 P+

1.3

1.2

1.1

1

0.9

0.8

8= (-17.5+1.1)%

[ Average L.O. = 564 p.e./MeV (Gate=2500 ns) ]

e e
0'70 25 50 75 100 125 150 175 200 225 250

L B L AL AL B
Mu2e BaF, SIC-3 30x30x250 mm?®
B PMT:R20529, Coincidence Trigger .
Gregse, Tyvek wrapped

A end coupled

|

5= (-16.5+1.1)%

Average L.O. = 564 p.e./MeV (Gate=2500 ns)

'Y B end coupled

Distance from the end coupled to PMT (mm)

Caltech HEP Crvstal Laboratorv
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[ Mu2e BaF, SIC-11 30x30x250 mm” "' ']
sr PMI:R205?9, Grease, Tyvek wrapped 7
1 _M
| 0 =(-22.2%1.1)% .
0.5 A\{QFE{QQ I“Qr = :1,19: W*QIMEV '('G?‘ie:ﬁsq .r':s:)I ettt
- Mu2e BaF, SIC-12° 30x30x250 mm” ' ' '
g_ 151 PMT:R20579, Grease, Tyvek wrapped 7
= —M
@) L 5 =(-20.8£1.1)% g
= 05k :Al,\;er,qgel I‘O - :133:91‘:*:'{Mﬁ:\’{ .(.G?l‘:aijlJ .“:S:)' -
S MuZe BdF, SIC-13" 30x30%x250 mm® ' ' '
5 1-5_‘ PMT:R2059, Grease, Tyvek wrapped 7
9 1 M
L 3= (-17.1£1.1)% ;
A 05 r -?I MgV = S
g" 2e SIC14" 30x30x% m
C 15 PMT:R205?9, Grease, Tyvek wrapped 7
S F ) 1
Z 1 —w
| 3 =(-18.4+1.1)% g
0.5 ﬁyﬁrggg IZFQ: —:! 1'?:1 [E:QJQQFV g%%e:gg gs)l |
| Mu2e BaF, SIC-15 30x30x250 mm ]
151 PMI:R20§9, Grease, Tyvek wrapped 7
1 - —
| 8 =(-27.5£1.1)%
o5 LAverage Q. 5112 p.&MeV. (Gate=30ns) o001,
0 25 50 75 100 125 150 175 200 225 250
Distance from the end coupled to PMT (mm)
9/22/2014

LRU and LO of No.11-20 (Tyvek)

Normalized Light Output

1.5

1

0.5
1.5

1

0.5
1.5

1

05F

1.5

1

0.5
1.5

1

0.5

[ Mu2e BdF, SIC-16 30x30x250' mm° ' ' ]
__ PIVII:R205©, Grease, Tyvek wrapped i

| 5=(-19.3+1.1)% N

I r 5 124 p.e./NeV e=50 ns
2e SIC- 0x30x2 m
B PMI:R205?9, Grease, Tyvek wrapped 7

[ 5= (-19.8+1.1)% .

r IMeV = S,

B =

e 0x30x m
B PIVIT:R205?9, Grease, Tyvek wrapped 7

L 6 =(-19.5£1.1)%

rage L,O, 5 123 p.e VeV (Gate=80 ns)
2e BaF, SIC-19 30x30x250 mm” ' '
B PMT:R205?9,Grease, Tyvek wrapped 7

| 5=(-16.3+1.1)% -

| Average | O = 111 p.e/MeV (Gate=50 ns),
[ Mu2e BaF, SIC-20° 30x30%x250 mm” '
B PIVIT:R20579, Grease, Tyvek wrapped 7

| 5= (-18.6+1.1)% N

[ Average 1O, 5 123 p.e/MeV, (Gates50ns)i ... 1.,
0 25 50 75 100 125 150

Distance from the end coupled to PMT (mm)
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175 200 225 250
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1.5

05F
1.5

05F
1.5

Normalized Light Output

1

0.5
1.5

1

0.5

9/22/2014

LRU and LO of N0.11-20 (Tyvek)

" MuZ2e BaF, SIC-11 30x30x250'mm> " ' ']
~ PMT: R205?9 Grease, Tyvek wrapped i
. -

_—w

[ 3= (12.1511)%
48 p.e/NMeV =

M 2eB SIC-12 30x30x250 mm
~ PMT: R205?9 Grease, Tyvek wrapped 7

Averaqe L O 5547 p.e./NMeV. (Gata 2500 ns). Sl

M i0Za BaE SIE 5T R0 R0 220 T T s
-~ PMT: R205?9 Grease, Tyvek wrapped i

M—-

o= ( 11.3+1.1)%
INeV. =

2e -14 30x30x m
~ PMT: R205?9 Grease, Tyvek wrapped ]

ﬁyﬁrg@g ’:HQ: -% §4g [E.Q.IM[FV g%%5e=_2r§gg r_’lgg |
Mu2 -15 30x30x250 mm 1

Sl
- PMT.R 05?9 Grease, Tyvek wrapped 7]

A\rerage LO, 5 529 R.&./MeV. (Gate=2500ns). . v, ...
0 25 50 75 100 125 150

Distance from the end coupled to PMT (mm)

175 200 225 250

Normalized Light Output

1.5

= O = O
- (S I6)] - g O,

= O
(S I6)]

—_

= O
g O

—_

(8]

<2 PMT: R20579 Grease, Tyvek wrapped 7

0.
0 25 50 75

" Mu2e BaF, SIC-16" 30x30x250' mm” """ 1]
- PMT:R2059, Grease, Tyvek wrapped .

:——-—!—-——.~———.____._

L 0= (-9.8i1.1)%

*r— o —0&_ 7]

INeV e=
M 2e SIC-1 0><3 x2
~ PMT: R20579 Grease, Tyvek wrapped 7
- MgV, -
2e 0><3 X m

-~ PMT: R20579 Grease Tyvek wrapped 7
I 5 551 p.e./MeV. =
2e 0><3 X m
-~ PMT: R20579 Grease Tyvek wrapped 7
A\rerage LO 5 > 564, p.e./MeV {(G331632900.09) iy

||||||||||||||||||

T U2e BaF. SIC20 B0X30%2E0 mme

M—-

8= (-11.4+1.1)% ]
Average | O 5570 p.e MgV (Gate=2500ns) . ...,
100 125 150

Distance from the end coupled to PMT (mm)

Caltech HEP Crvstal Laboratorv
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Front Slope & Back Rise: N0.11-20 (Tyvek)

" Mu2e BdF, SIC-11 30x30x250 mm” ' T - Mu2e BdF., SIC-16° 30x30%x250 mm> '~ T T
1.5 PMT:R2059, Grease, Tyvek wrapped 7 15 PMT:R2059, Grease, Tyvek wrapped
1+ - 1+ -
Back Rise = (:38,9:2.7)% e —— | Back Rise = (-34.1+2.6)% ]
0.5F 9 = (-1.2+0.4)%/X RMS=13.5 % = 0.5 9 = (-0.940.4)%/X RMS 8 % -
:A\{eraquLO = 110 p.e/MeV (Gate= SQns)u:::: . r Average | O =124 pe/MeV_ (G:ate 5Q|nls)|::::
- NiU2e BaF. SIC-12' 50305250 mm® ! R FNiU2e BaF. SIC-17 30x30x250 mm- | AN
5 1.5F PMT:R2059, Grease, Tyvek wrapped ] S 151 PMT:R2059, Grease, Tyvek wrapped N
Q. ] Q [
+— 11 — +— 1F Py -
=) Back Rise = (-33.442.7)% 7 2 Back Ris e i 36. 2+2 7%
O 05}F & =(-1.5£0.4)%/X RMS 2% - O o05F d.=(-0.9 RMS=12.3 % -
-  Average O, = 113 p.e iMeV. (Gates S80psh i = £./MeV. = ]
S MU2e BaF SIC-13' 30%30~250 mm: | G B~ N | | Qx30x 1
2150 PMT:R205%, Grease, Tyvek wrapped 1 S 15f PMT:-R2059, Grease, Tyvek wrapped .
1+ = 1+ -
3 Back Rise = (:20 812.6)% 1 3 Back Rise = (-:32.8+2.6)%
N 0.5 9 =(-0.8+0.4)%/X RMS=10.3 % . N 05F o =(-1.440.4)%/X RMS=1‘I.5 % -
= Auerage L O, 5 135 p.e Ve (Gate=80ns) 4 = =] V = ]
o WiUZe BaF. SIC-14 B0x30%350 mim ! : @ M 1C- mm :
§ 15 PMT:R2059, Grease, Tyvek wrapped 7] § 150 PMT: R20599 Grease, Tyvek wrapped 7
O 1F _- O 1 \.\'\._‘7 .
z Back Rise = (-32.8+2.6)% pa Back Rise = (-30 4+2.6)° ¢—eo—o
0.5 o = (-1.1£0.4)%/X RMS=11.2 % - 05 & =(-0.6+0.4)%/X RMS=10 -
- Average [0 5 120 p.e/MeV (Gate=50ns) 1 . - Averaqe L0, 5111 pe/MeV (Gate 5Q 1) I
" Mu2e BdF., SIC-15 30x30x250 mm~> "' T ~NUZe BaE. SIC-20" B0x30%250 mm- | ! :
1-5 - _PMT:R2059, Grease, Tyvek wrapped 7 15[ PMT:R2059, Grease, Tyvek wrapped 7
1F - 1+ -
: + Back Ri -31.0£2.7)° .
05k Ea"k( Rise s )ﬁ/f,)& £2.7)% 15.8 % - 05 6= (-1.240.4)%/X )% eMS=11.0 % -
-, Average [.O, Zpe_,Mgv (Gawostns) 1o\ -, Average [,O. 5 123 p.e./MeV (Gatez50ns) ..\ 1., .-
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)
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Front Slope & Back Rise: N0.11-20 (Tyvek)

1
0.5

1.5
1
0.5

1.5
1
0.5

15
1F
05

Normalized Light Output

15

05

9/22/2014

1.5

1F

0 25

11 Box3d><250mm-5|lllllllll||||_
ase, Tyvek wrapped .

e/MeV (Gate 2500 ns) e

! D.
NMuze BaF. SIC 15 R0%30%280 mm: | HH
se, Tyvek wrapped -

T
1Y)
=
_|
A
N
o
%J
Q
o

—& & L =

=

MS=8
e/MeV (Gate 2500 O8)

D305 80 mm - i
eas e, Tyvek wrapped 7

[ BackRise = (23526 ¢ ¢ ]
= 6F=(-O.1iO )%/ X RMS=7 4 .
F Average L.O 5 593 R.&.IMeV, (Gate 2500 ns) ]

28 Bak. 51614 B0X305350 mm® | T
- PMT: R205?9 Grease, Tyvek wrapped -

|

2
C |
—t
N
é?n
ur
G)('ir
A
(10'

| Back Rise = (.23, 312 26)%
5. A RMS=7 ]

Averaqe L O —| 548 p.e./MeV. (Gate 2500 ns) N

Mu‘2e BaF. SIC15 B0x30»250 mm- T
R205?9 Grease, Tyvek wrapped g

Back Rise = (26 9+2.6)% ¢ -
6 -0.8+0. )%/X RMS=9.3 % -
| ANerage L.O. =528 p.e IMeV (Gate=2500 ns). .

50 75 100 125 150
Distance from the end coupled to PMT (mm)

175 200 225 250

Normalized Light Output

- Mu2e BaF, SIC-16 30x30x250'mm” """ T
- PMT:R205%, Grease, Tyvek wrapped .

1

RMS=7.7
e./MeV, (Gate= 2500 ns) L

0.
i €18 50%30.250 Tm | -t
- PMT:R205;9 Grease, Tyvek wrapped .

@

- Back Rise = i24 2en v v °* g
=10 S=
S

2
RMS=6.8
6"4 né e./MeV_(Gates 2500 1

0530250 M RS
se, Tyvek wrapped 7]

726 v ¢ ]

o/ X RMS=7.3 % -
Averaqe LO. 3 575 p.e./MeV (Gate=2%00Nns). .. 1. . ..
0 25 50 75 100 125 150

Distance from the end coupled to PMT (mm)

Back Rise = i
- o = (-0.2+0,
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LRU of Different Wrapping

The best LRU is observed in the crystal wrapped with Al Mylar or ESR.

14

15F Md2e BaF. BICA 30%30280 mm® T 4 7| 'Mu2e BaF, SIC-1 30x30X250 Mm> ' T
1.25 |- P M§R203 50, Na-22 sourcs Tyvek (2 layers) A 12| PMER2059, Na-22 Tyvek (2 layers)
! _\’\'—\'\"\o\'\_ 1
0.75[ §=(-24.0+1.1)% - osl
S 05 Average | O 5130 pe/MeVv (Gate=50ns), 1 2 |12 T
Q 5 T e e ] _9- |
5 Al Mylar I~ B AI M lar i
OB § 9 1.2 . y |
c —\*\—'\r\.\.\.\— S ! —\‘N
5’0.75 - 5= (-18.1+1.1)% 1 5 [ 0=(-9.2+1.1)% !
o 05F Average LO 5152pe/NeV (Gate=50ns) 4 © C°[AverageLO =644 pe/MeV (Gate=3000ns)
®© 15F e e e ] ) 7""I""\"'I LA
N ESR Nl ESR N
T 15k ® 1 ®© 12
L . n
£ _\'\'\"\'\0‘4\‘ E M
S 075 §=(-19.041.1)% 1 2 | s=(84+1.1)% )
05F Average |.O =133 pe/MeV (Gate=50ns) . 1 08" Average LO. =525 p.e/MeV (Gate=2500ns) -
1-5_|\||||\||||||\||||\||||\||||||\||\||||\||||||\|||_ 7‘|II|II\I\IIII|III\|\III|II\I|I\I\|IIII|\I\I|IIII7
125 ¢ Teflon (8 layers) | 12 ° Teflon (8 layers) ]
1 | I ]
\\ 1 | ® . |
075 §=(-32.7+1.1)% ] - 8= (-21.3x1.1)% o 1
05L Average | O 5 172 p.e/MeV (Gate=50ns), . | . ] 08[ AV%fage L0, = 788 p.e/MgV (Gate=3500 ns)
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
Distance from the end coupled to PMT (mm) Distance from the end coupled to PMT (mm)

9/22/2014 Caltech HEP Crvstal Laboratorv



LRU of Different Wrapping

The additional Al foil does not affect the LO and LRU.
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Front Slope and Back Rise of Different Wrapping
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Front Slope and Back Rise for Different Wrapping
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Front Slope & Back Rise for Different Teflon Layers
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