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36 BTL LYSO Bars
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BTL LYSO-907~1079 3.00x3.12%x56.3 All faces
All samples received on April 61", 2021 (Tuesday)
Sent to ITA: 4/30/20, 1.4/2.2x10'3 p/cm?: 6/16/21, back to Caltech: 7/22/21

Experiments
Longitudinal transmittance (LT), light output (LO) and decay time (r)
measured before and after 1.4/2.2 X103 p/cm? for samples wo/w ESR
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Proton ESR1 Proton

2 908 1 Neutron ESR 2 917 1 Neutron

3 927 8 Proton ESR 3 936 8 Proton

4 928 8 Neutron ESR 4 937 8 Neutron

5 947 5 Proton ESR 5 956 5 Proton

6 948 5 Neutron ESR 6 957 5 Neutron

7 967 10 Proton ESR 7 976 10 Proton

8 968 10 Neutron ESR 8 977 10 Neutron

9 987 3 Proton ESR9 996 3 Proton
___10______98_8______3______Ngulro_n__ ESR 10 997 3 Neutron
r 11 1007 9 Proton .: ESR 11 1016 9 Proton
e T Skt vt ESR 12 1017 9 Neutron
13 1027 6 Proton ESR 13 1036 6 Proton

14 1028 6 Neutron ESR 14 1037 6 Neutron

15 1047 4 Proton ESR 15 1056 4 Proton

16 1048 4 Neutron ESR 16 1057 4 Neutron

17 1067 2 Proton ESR 17 1078 2 Proton

18 1068 2 Neutron ESR 18 1079 2 Neutron

Sample 11 without ESR broken to two pieces after irradiation
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7. Error Weighted Average Fluence

Fluence: error weighted average of Be-7 & Na-22 from activated Al foils
9 LYSO bars each with/without ESR were in G1/G2, Liyuan’s 3/18/22 report

Average
Fluence
(cm™?)

Front EW Avg
Fluence (cm™)

Back EW Avg
Fluence (cm™)

+ Error
(cm™?)

+ Error
(cm™?)

+ Error

Group (cm?)

: 1 2.16E+13 7.2E+11 1.59E+13 6.9E+11 1.88E+13 5.0E+11

|

|

|

I 2 1.43E+13 6.8E+11 9.49E+12 7.1E+11 1.19E+13 4 9E+11

L T e T e T e e T e e T e e T e T e e e e S e T e T e Wl e | e T e T e T e e e S e S e e T e L e e W e S S
3 1.91E+13 7.6E+11 1.30E+13 7.5E+11 1.61E+13 5.3E+11

Fluence: 2.2, 1.4 and 1.9x10'3 respectively for G1, G2 and G3
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Radio-luminescence weighted longitudinal transmittance (EWLT)
Radiation induced absorption coefficient (EWRIAC)

100 —'B'T'L'L'l('éd bar-1 3.12x3.00x56.3 mm°> ' EWRIAC=1.0+02 r‘nJ'j 100 FpTL Lysc') bar-11 3.12x3.00x56.3 mm®  EWRIAC=0.6 +0.2 m™]
I proton irradiation at ITA i AR pr_ot.qn irradiation.at. ITA. .. ..._....
— After IR — Before IR i o __After IR (raw ]
EWLT=74.9% EWLT=79.0% 50 |- sl "7 After IR %Cor 3_ Before IR
i ical li i ) i e EWLT=77.8% EWLT=80.4% |
108 EWRIAC=06+02m [ | ""l-\_g_h Theoretlcal limit of transmlttance ]

L .! I I I I I I -------- J LJ LJ L I
. proton irradiation at ITA ] 100 FBTL LYSO bar-13 3.12x3.00x56.3 mm®  EWRIAC=1.3 +0.2 m"-_

= Epjg?jon __AfterlR  _BeforelR 1 __ [
é I e EWLT= 75.1% EWLT= 17.7% °\° i proton irradiation at ITA ]
~ 50| __ After IR __ Before IR —
3 108 . ! N EWLT=70.6% EWLT=75.8% |
% proton irradiation at ITA 1 c ) = "~._!___ "_I“heore’ElcaI |Imllt of transmlttance ]
= IS — After IR —_BeforeR 1 © . Q _'E;T"L LYSO b ' GEARERAT I FAEA N By e
- .. EWLT=74.4% EWLT=80.3% — i ar- 15 3 12x3 00x56 3 mm® EWRIAC_O.G ir 0.2 m]
E i 4 Theoretical limit of transmittance E - T
7] 8 o= : o i proton irradiation at ITA ]
& 1 EWRIAC=05:02m™ ¢ 5[ __AfterlR  __BeforelR -
; proton irradiation at ITA 9 [ EWLT=76.9% EWLT=79.5% |
L — After IR — Before IR — ' 7 s Theoretical limit of transmittance ]
EWLT=77.3% EWLT=79.4% ] N R ]
g e nCORSHCAL it DT IENSMItApCE 100 BTL LYSO bar-17 3.12x3.00x56.3 mm® EWRIAC=09:+0.2m"]
10 = % I =
- O erawr oL o § proton irradiation at ITA 1
proton irradiation at ITA 50 [ Emission After IR Before IR N
----- Vg e BBTRLENIE i EWLT=75.4% EWLT=79.2% ]
v EWLT=71.8% EWLT=79.4% T i = ° ]
& | ""‘T'-'J--.,,.J_h?9“.9F°a' Iimlit of trapsmittapce 7 i | '-I--...g‘_-_i'_l'rleoretlcal I|m|t of transmlttance ]
%50 400 450 500 550 600 650 700 750 800 9350 400 450 500 550 600 650 700 750 800
Wavelength (nm) Wavelength (nm)

Transmittance of Sample 11 was corrected by additional bouncings at the boundary
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Radio-luminescence weighted longitudinal transmittance (EWLT)
Radiation induced absorption coefficient (EWRIAC)
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LO: Nine 2021 Bars w/o ESR

LYSO bars with Teflon block wrapping and an air gap coupling

to an R1306 PMT triggered by a Na-22 source at the center

"'BTL LYSO bar-1 3.12x3.00x56.3 mm” 1'3 . "BTL LYSO bar-11 3.12x%3.00x56.3 mm° '
1000 PMT:R1306, Teflon wrapped, Air (%3;)) 1.4x10 ~ p/cm PMT:R1306, Teflon wrapped, Air Gap 1.4x10"2 p/cm2
— L O A A 4 “UTh — o 2 ! ¥ O
7 r\u l'\‘ll | Bl w8 T 8 1000 L ! l D= A +A {1_9(—13"!)\ ;: =
A A T 0 I =
g 9o RN
— ey ' : | Before IR 0 1098 45.3
O TBTL LYSO bar-3 3.12:3.00:56.3 mir ' “AferR, 0 1863 451
= PMT:R1306, Teflon wrapped, Air Gap  1.4x10" p/cm? —~ oH— | | 4 |
= 1000 - - ), s 4 > BTL LYSO bar-13 3.12x3.00x56.3 mm
9 A A L PMT:R1308, Teflon wrapped, Air Gap 1.4x10" p,’cm:2
= 3 =
= _BeforelR 0 933 390 < 1000 | o= At =
o o _—After IR, 0 883 393 | : i
. 'BTL LYSO bar-5 3.12x3.00x56.3 mm"° ! O Ay A T
RS PMT:R1306, Teflon wrapped, Air Gap  1.4x10"° p/em” =2 —BeforeIR 0 998 413
= 1000 o EO=AgAl Py 8 = [ 0 __After IR 0 ; 908 421 |
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__BeforeIR 0 1081 42.1 . ) 13, 2
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O TBTL LYSO bar-7 3.12x3.00x56.3 mm ! o P il TO=AqA (16 )
= PMT:R13086, Teflon wrapped, Air Gap  1.4x1 0: p/cm? e A, A o
oy g CO=AFA (1€ ) 1 5 __BeforelR 0 1032 456
] Before IR 0 1090 45.4 3 0 after IRy 9 41004 4> |
oLl _Afer IR 0 11057 447 : ' BTLLYSO bar-17 3.12x3.00x56.3 mm® 1'3 :
"'BTLLYSO bar-9 3.12x3.00x56.3 mm" | PMT:R13086, Teflon wrapped, Air Gap 1.4x10 " p/cm
PMT:R1306, Teflon wrapped, Air Gap 1.4x10" p/c:m2 1000 — o © =
-~ TR LO=A+A,(1-e77)
1000 - o= A FTATI-C ) 4
A A, 1 - Ap A ¢
_BeforelR 0 1005 406 —BeforeIR 0 1119 46.3
o LL__After IR, 0,832 405 . o LL_—After IR 0 1061 458 ;
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ns) Time (ns)
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LYSO bars with ESR wrapping and an air gap coupling to
an R1306 PMT triggered by a Na-22 source at the center

' BTL LYSO bar with ESR-1 3.12x3.00x56.3 mm” ' BTL LYSO bar with ESR-11 3.12x3.00x56.3 mm®
PMT:R1306, Air Gap 2.2x10" p/em?® PMT-R1306. Air Ga 2 210" plom?
1000— |r1_1.\_..1.\f1n\ oy = a- L P - Qp
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Eﬁfmﬁ:“ ¢ B A A
er 1y ]
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— 2 After |R| 0 | 1055 452 |
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__Before IR 1202 39 8 1000 - _ At —
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+— 1000 | O=A AL u’~q 8 = 0 After IR, 0 | 558 40.6 A
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= Before IR 1044 417 = PMT:R13086, Air Gap 2.2x10"® p/em®
S5 gl__Afer IR 872 427 = o
O BTL LYSO bar W|th ESR-7 3.12x3.00x56.3 mm”. i O 1000r CO=AFA(TE ) B
s PMT:R1306, Air Gap 2.2x10" pfem? — A, A 1
%) 1000 |- LO A, +A (1-e™") o . '%) _ BeforelR 0 1037 457
= s 866 P = After IR 0 ,970 46,6 i
Aﬁe?rrFR. 770 48 " BTL LYSO bar with ESR-17 3.12x3.00x56.3 mm°
O ™ BTL LYSO bar with ESR' 9 3.12x3.00x56.3 mm® i , PMT:R1306, Air Gap 2.2x10" p/em?
1000 R1306 A|r Gap ) o 22)(1 OA p/Cm 1000 — =) LO = A0+A1 \ 1 _el-lrrl) g =
2 |_ o= 1-\,,+f-\1( e '] =4 A A, %
0
Before IR gég 41 2 __Before IR 0 1027 46.3
0 After IR 1 806  40.1 I 0 __After IR, 0 1 964 47.4 A
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (ns) Time (ns)
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Good correlations between LO, EWLT and EWRIAC indicate that LO loss
is due to radiation induced absorption with a mean light path of 9 cm

T | ] ! ! l P ! '
' BTL LYSO crystal bars ' L BTL LYSO crystal bars ! '
i CC 0. 91 : _ 2019 crystals of 3. 12><3 75><57 mm®
' .yrayIR .y+ neutron IR: .y+n+proton IR |
ngXg"’?’gt:éS?Ofmm T o ORI 20 Grystals of 3, 12><3 005563 hm®
20 fre e ......... y ik, T <HEE - \O__/ *.“ O neutroh |R O proton |R .
) ® -ray IR: o *"#P'_
S | @yray + neutron IR - . CC=-091
@ | ®@v-ray+neutron + prptoﬂhER o B ] 5
% = : = =
= o a
0 E®;
o D
2 10 S AP S rs W | 7 P A NP N - S Lj
9 g .. Fitted line
1| & | Lo=Lo@mpltugls —O
i 2021 crystals of Z = i ++
3 1 2)(300)(563 mm 3 . J0]) EE— 009_0 D1m v .
: OneutronilR ]
. OprptoniR ¢ . . . | | 3
ok IS S S N R N i | | | i | i
o 2 4 6 8 10 12 14 16 18 0 0.5 1 15 2 25 3
EWLT loss after IR (%) Emission weighted RIAC (m’1)
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- EWRIAC scaled to 2.5 X 10"3 p/cm?
RIAC < Fluence

1.6 m?t & 1.0 m for without & with ESR after 2.5x10%3 p/cm?

Average ESR effect is -0.6 m1: ESR induced damage is negligible

L LYSO bar 3.12x3.00x56.3 mm”:
- .-LYSO bar 1Wlthout ESR .. L‘-(SO bar }Nlth ESR

- LYSO bar 3.12:

................................................
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o——— | '0-iiiiiiiii
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-13.6% & -12.1% for without & with ESR after 2.5x10%3 p/cm?
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-13.2% & -13.1% for bars without & with ESR after 2.5x1013 p/cm?

Average ESR effect is <1%: ESR induced damage is negligible
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Summary

LT, EWRIAC, LO and t were measured for 18 BTL LYSO bars without
and with ESR wrapping after 1.4 & 2.2x10% p/cm? at Fermilab ITA.

i
o g

Proton induced LO loss is due to induced absorption with 9 cm
path length, consistent with y-ray & neutron induced damage.

LYSO bars from nine vendors show good consistency. The average
variation of EWRIAC, LO and LO/t scaled to 2.5%10%3 p/cm? is
1.6/1.0 m%, -13.6/-12.1 % and -13.2/-13.1 % respectively for 9
LYSO bars each without/with ESR with an overall consistency of
0.7/0.5 m?,11.9/17.6% and 9.4/18.3%.

Proton-induced damage in time resolution is ~7% for LYSO bars
with and w/o ESR, indicating a negligible ESR effect. A larger
divergence was observed for LYSO bars with ESR as compared to
without ESR. A uniformized ESR wrapping would help.

Acknowledgements: DOE HEP Grants DE-SC0011925 and DE-AC02-07CH11359
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