b,

tion tests a

. 1l

FIOI"




/j .
INF Outline
L/‘ ‘

v’ Optical and scintillating properties of CsI(TI) and pure Csli
scintillating crystals (different manufacturers) before and after
gamma irradiation

- Radiation hardness (longitudinal transmission spectra)

- Light Yield (monitoring the CR amplitude peak as a function
of irradiation dose)

v Performances evaluation of optical coupling materials

(silicon resins)

v APD Quantum Efficiency with calibrated PIN diode (before and
after irradiation)

Alessia Cemmi Belle2 Italia Meeting, December 17 2014



a?:? | Calliope Gamma Irradiation Facility

Calliope facility: ®°Co high intensity gamma irradiation facility (up to 3x10'° Bq)

Mean energy:

-Ii lﬂ‘lll\\ =2

“ﬁl-!’:. ’l\‘i I Il.Hl

Alessia Cemmi | o Belle2 Italla Meeting, December 17 2014 3



Characterization of Csl (Tl) scintillating crystals
Amcrys (Ukraine)

Alessia Cemmi Belle2 Italia Meeting, December 17 2014
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INFN__ Csl (Tl) crystals and characterizations —

| group: two spare (not irradiated) crystals produced for BaBar/Super
Amcrys 005 and Amcrys 006

5 x 5 cm? cross section, 30 cm. length

Longitudinal Transmittance (%T): range: 230-600 nm
Lumen spectrophotometer
(optical bench equipped with integrating sphere)

All measurements were carried out
in the dark and dry air atmosphere (box)

30 cm.

e Gamma irradiation tests:
Dose rate: 4.5 Gy, ./h

Total absorbed doses: up to 104 Gy (Amcrys 005) and up to 16Gy (Amcrys 006)

Crystals were always irradiated and stored in the dark, in argon atmosphere, at RT.

Transversally irradiated (Csl crystal attenuation length of 8°Co gamma rays is 5.2cm-EGS simulation
(SLAC-Report-265, 1985)

Alessia Cemmi Belle2 Italia Meeting, December 17 2014
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] 430 nm .---::333333“5.;5
70 ™ posennttiiesloenatel gess
L] ] . ® .
o\°60_' .'JUQ"M - ”Oﬁngo¢¢0“"“
el ] @ ‘””,g“
o : ., ““‘c"”‘
950" o 520 nm
2401 : |
€t : e Amcrys005 bef.irr.
%30 H e Amcrys005 7 Gy
o > Amcrys005 14 Gy
=207 : * Amcrys005 28 Gy
: . Amcrys005 88 Gy
104 - Amcrys005 104 Gy
1S ° o oo 3
0 - T T T T T T
300 400 500
80 Wavelength [nm]
60_' —— Amcrys 006 bef.irr.

v Amcrys 006 16 Gy

430 nm

~

Transmittance [%]
5

20

v
vy v
vy
vvyy

520 nm

250 300 350 400 450
Alessia Cemmi

500

550 600
Wavelength [nndq 102 Italia Meeting, December 17 2014

600

v’ same manufacturer
but different optical

behavior

v’ Amcrys 006:
slight irradiation effect (@16Gy)



INFN Csl (Tl) crystals and characterizations

Il group: three spare (not irradiated) trapezoidal crystals produced for
Belle (equipped  with PIN diodes) 6.5 x 5.5 cm? cross section,

Crystal no. 1: S/N 327017@ 30 cm. length
Crystal no. 2: S/N 311017

Crystal no. 3: S/N 319065 (reference, not irradiated!)

Gamma irradiation tests:
Dose rate: 4.5 Gy, /h

Total absorbed doses: up to 670 Gy (Cristal no.1) and up to 125Gy (Cristal no.2)
Transversally irradiated; same side

Previous studies of CsI(Tl) radiation hardness show a large variation in the LY
degradation for different crystals (up to 30-35%) ..... but at absorbed doses lower
than 40Gy

(expected dose for Belle2: 10Gy/y x 10y = 100Gy)

A.Beaulieu, Belle2 Weekly Meeting October 3 2014

D.M.Beylin et a]., NIMA 541 (2005) 501551

aliL

W Absar el duse, mad
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a?:? | Csl (TI) crystals: CR Data and set up

e CR run before irradiation taken for both crystals

® |rradiation Cycle:

|. Irradiate with Y from the Co®® source

2. Take CR run ~2-3 kEvents = get amplitude peak position
' « Vg
P Copper Shielded B 'k/%o
3. Go to Step |. Ny / \
> & )cintill/a_jar J

y : h
~PIN & Prw/ Case?’v P

CR data by a pair of 3x30 cm?, 10 mm thick,
trigger scintillators placed longitudinally
on the crystals 300mm

L Cr‘ys.ral 2 I]APD | Dry air circulated i the bova{l:|'7<~|5%) |

O Y TOP

65 mm[APD[I Crystal 1 JI55 mm

S s e e SCI - bot

Alessia Cemmi Belle2 Italia Meeting, December 17 2014 8



INFN Csl (Tl) crystals: CR Data
Relative Amplitude VS Dose
Normalized < = —
ormalize - - Cr‘ystal no. | | ! ndf 2018 /12
to amplitude B po 0.7827 + 0.009662
at zero dose L p1 0.1982 + 0.009588
— i p2 -0.0134 + 0.00171
— ) 2 1 ndf 5.915/3
B Ci }'Stal no.2 pO 0.8152 = 0.01966
09— pi 01753 = 0.02055
: g2 -0.02273 = 0.008005%
- ==
0.8— =
D? __ o o
- ...very similar trend...
06—
D 5 B | | | | | | | | | | | | | | | | | | | | |
0 40 60 120 140

Alessia Cemmi

80 10>

Radiation Dose (Gy)

expected integrated rate for
Belle2 in 10 years
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&Q - Csl (TI) crystals: CR Data (Crystal no.1)

Crystal no.1

- 1.1

Relative Amplitude VS Dose - CHO

<L
[ = w / ndf 23.49 /13
s p0 0.7693 = 0.006676
'y 4 D1 0.2096 = 0.007612
p2 -0.01165 = 0.001113
0.9 ~20% LY loss
0.8 —
— R
- / ——
0.7— .
= damage saturation
0.6 —
D 5_| | | 1 I | 1 1 | I | 1 1 | | 1 | | 1 I | 1 | | | | | 1 1 I | 1 ] ] I 1 ] | ]

0 100 200 400 400 500 600 f00 g00
Radiation Dose (Gy)
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Csl (Tl) crystals: CR Data (Crystal no.2)

L/,

Crystal no.2

Ghanmel 3 Amplihede VS Time

Ghanmnel 4 Amplibede VS Time

= F choAvsT = s Avsl
~ .l o ¢ nddl PR 716 Vl.l" o =¥ nd 078 M6
xS I 3 ’ Pert - ozom
._g N 5.1 5835 o 0007 _':_;J -5-— 4] 5585 « Q008
E g
< suif (55!— " i
E NO (or very little) recovery *
[ 19 days (after 125Gy) E
4.5 a8
< >
i - 1 1 | i - i - i i
e H o] 11 *ime =11 11 1811 Time
Signal Amplitede 1h Average - C3 Signal Amplitude 1h Average - C4d
o haThavgd sH  BATRS
J - E,,l,ie,gq = = 1 entry/h :ﬂ.....gg o 1 entry/h
r masn . gm 19 days time span B iy 19 days time span
- al-
3 Very good stability!
£ o - o
=
.__li | | P ] 44 41 3 gy gl 'l | 3 I.I:I ey 'l [ Ml [ | By |
= L] = EE-] E l:.lb- ¢ J-"lr:l:mp'l'.l'- Ll L] a L] H kS , Hﬂ:'-:“r -'.1'.'-'|b
(*) as reported in the literature

Alessia Cemmi

Belle2 Italia Meeting, December 17 2014
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INFN

(/,

Csl (Tl) crystals: CR Data

CR experimental set up

Crystal no.2

Crystal no.1

CR

”TO PIl

“BOTTOM”

IITO P"

“BOTTOM”

Alessia Cemmi

under irradiation

Dose profile
125 Gy,
125/e Gy
Attenuation length =5.2 cm
. o
Rotation: 90
o"\' """
O Cfmmmm
0
X </f==== 60
(}A <«feee Co
Dose profile
: Gfmm-
670 G 3 N P A
E B
© o)
H70/e Gy < i
T — e

Belle2 Italia Meeting, December 17 2014
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INFN Csl (Tl) crystals: CR Data

CR Amplitude Peak vs Trigger Position

— 8
:: |
E [ P1 P2 P3
e 78—
P3 P2P1L 2 | T ——
o o ¥ E- ?B_
A BTE S rund7 run 38
Crysta| no.2 /4 “‘0 "‘0 <« aE - S . s
“00‘ ”Q’ "“ ?:E B w }f\ rk
o “” ‘0" . — — B Fl !N I
60 - | -
. ¢ " ’: CO BE_—
2 2 -
e oor
m —
6.4
P3 P2 P1 62|
125 Gy -
B'-I 11 1 1 11 1 1 | 11 1 1 | 1 1 1 1 | 11 1 1 | 11 1 1 | 11 1 1 I
-1 0 1 2 3 4 b 6
125/e Gy em

Dose profile
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Characterization of pure Csl scintillating crystals from
different manufacturers

Amcrys (Ukraine)
Optomaterials (ltaly)

Alessia Cemmi Belle2 Italia Meeting, December 17 2014
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INFN__ Pure Csl crystals

Crystal Amcrys 002 (Amcrys, Ukraine):

trapezoidal shape ~ 7.5 x 6.5 cm? cross section

e
:?—; % \ Optomaterials 402 (Optomaterials, Italy)
B 5 x 5 cm? cross section
%mcrys |
.
e
P |
30 cm. g@materials

(Belle 1l ECL standard size)

Alessia Cemmi Belle2 Italia Meeting, December 17 2014
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Pure Csl optical characterization

* Longitudinal Transmittance (%T): range: 230-600nm

Lumen spectrophotometer

(optical bench equipped with integrating sphere)

All measurements were carried out
in the dark and dry air atmosphere (box)

e Gamma irradiation tests: 30

cm.

Dose rate: 4.5 Gy, /h
Total absorbed doses: up to 104 Gy
e Light Yield measurements:

137Cs, 22Na sources + dry box + UV-sensitive PMT + QDC

9+1 positions

vt

Alessia Cemmi Belle2 Italia Meeting, December 17 2014 16



Transmittance
Absorbed @ 315nm [%]

- 53 . dose [Gy] Amcrys 002 | Optomat. 402
E‘ f -—.f.- ‘l’- - )
§eo] ;,-f"'“ Before irr. 48.26 50.67
B0 5 + Optomaterials 402 bef. ir. 104 43.57 43.64
= 1 = Optomaterials 402 7 Gy
209 3 = Optomaterials 402 14 Gy

] = Optomaterials 402 28 Gy
10§ [ = Optomaterials 402 88 Gy

el Optomaterials 402 104 Gy v’ transmittance dependent on the

250 300 350 400 450 500 550 600

vt o unniitiii|  absorbed doses

|llll‘ g4t
“:Ml YL po08
“,MM““ ““‘

,w (max A% @315nm=-7% @ 104Gy)
RV 2 v’ saturation effect

1 Amcrys 002 7G ° °
o] ¢ . Amerys 002 ;gé; v’ similar %T trends for both crystals

~+  Amcrys 002 88Gy

Transmittance [%]

|4 Amerys 002 104Gy (different manufacturers)
[ e e L e B s B B B N L
250 300 350 400 450 500 550 600
Wavelength [nm] . 220
2200
R
S S B S -
140 g R SRR = bod
g Fonomeaoee fooooeee Fommeanes - ¥
o __ o . 120
similar behavior for both crystals -
80
(LY loss @ 104Gy = -8%) - 137 { g g e
40— A Amcrys Csl before irradiation
= Amcrys Csl 104 Gy y
20
IR T R T S R R ™

distance from PMT (mm)
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Alessia Cemmi

Optical coupling materials

Two-component silicon resins
(Momentive, USA)

Belle2 Italia Meeting, December 17 2014
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INFN  Optical coupling materials: final evaluation

. ——m  E-.
Transmittance curves | Dose rate: 5 Gy, /h
Range: 200-800 nm . Total absorbed doses: up to 44 Gy in air, at RT '

100 ] ﬁ
3 80-
© i
- - under irradiation (13.2Gy):
g 60-
5 i v’ BC630 and RTV615:
ol _
-"é 40 - more stable (AT% @ 315 nm = - 2%)
@ _ —— RTV615 1mm. bef. irr.
© ——— TSE3032 1mm. bef. irr.
= 207 —— BC630 1mm. bef. irr.
= Epo-tek 301 770 micron. bef. irr. after irradiation
O T 1 T T T [ T T T T [ T T T T [ T T T T [ T T 11 (Stab|||ty~30day5):

200 300 400

500 600 700 R0NO

Wavelength [nm] v' BC630: the best performances

Alessia Cemmi

v Resins: AT% @ 315nm=-5%)
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Alessia Cemmi

APD Quantum Efficiency

Belle2 Italia Meeting, December 17 2014
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INFN APD QE after irradiation

The APDs were irradiated with fast (0.1-10 MeV) neutrons at Tapiro (Excelitas ), up
to a fluence of 1x10%3 n/cm? (10 years x5 of Belle2) and with gamma rays at

Calliope facility (Excelitas and LAAP)

Hamamatsu Large Area and Excelitas APD Quantum Efficencies

w 'F )y A QE measurement at Gain =1
= A LAAPD Not Irradiated (#1) . .
09E . LaaPp230Gy (41 . . i Hamamatsu calibrated PIN diode used
08:— ¢ EXC Not Irradiated (#4) ¢ ¢ as reference
07F 103ncm? n . APD
= u ¢ A
'3'6:— I - ‘, <1\7 $
cr.sz— : nn’ ¢
= |.l. A I REF
=3 . | A -
0.4 ' A S S
- L]
03F- i ! o’ °°°
= m, . . + ® ]
02F NI ¢
= ot I o0
- e ® [ ]
01 ¢ 8 o®
0: ‘ .- I 1 II 1 L l 1 1 1 1 I 1 1 L 1 |. 1 L 1 |
300 * 350 400 450 500

wavelength (nm)

Excelitas APDs show a significant loss in Quantum Efficiency after 1x10%3 n/cm? :
e Main component is probably due to damage to resin cover

e Ascan around 315 nm should be repeated for both LAAPD and Excelitas
Alessia Cemmi Belle2 Italia Meeting, December 17 2014 21



Conclusions

Csl(Tl): from Amcrys. %T: Optical properties not comparable for both crystals
(before and after irradiation). A sort of saturation and Tl absorption peaks
appear with the increase of the absorbed dose.

LY: The crystals present similar behavior and a CR amplitude peak reduction of
about 22% is observed at absorbed doses higher than 300 Gy

Csl: Optomaterials crystal presents very good results (longitudinal
transmittance) under irradiation (similar to Amcrys). Both crystals show a fast
recovery, also in the dark. A saturation effect is evident at higher doses.
Comparable %T and LY performances loss.

Optical couplings materials: BC630 grease and two-component silicon resins
gave very interesting performances under gamma rays and are stable after the
end of the irradiation tests. Suitable for Belle Il (scintillation wavelength and
radiation environment).

APD Quantum Efficiency: LAAP and Excelitas APDs were characterized by a
calibrated PIN diode. LAAP (230 Gy) maintains the same QE of the unirradiated
sample. Neutron and gamma irradiation on Excelitas APD produces a significant
loss in QE.

Alessia Cemmi Belle2 Italia Meeting, December 17 2014

22



Further activities

. ...more crystals are needed...
*%*Csl(TI) :

%T - optical characterization after irradiation (stability).
LY - Crystal no.1 (670 Gy): recovery evaluation
Crystal no.2 (125 Gy): irradiation at 125 Gy (one-shot) after 90°
rotation and CR data acquisition
Crystal no.3 (reference): irradiation at 300 Gy to
investigate the LY uniformity variation along the
longitudinal axes.

(CR data in 5 transverse position)  gamma rays

o ——,

**Csl: longitudinal/transverse transmittance measurements after irradiation
and recovery (Optomaterials: manufacturer qualification); Light Yield
measurements after irradiation

**APDs Quantum Efficiency: neutron irradiation of LAAP and gamma
irradiation of Excelitas to distinguish the different effects. PIN diodes QE
evaluation before and after irradiation (gamma and neutron).

Alessia Cemmi Belle2 Italia Meeting, December 17 2014
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Thank you
for your
attention



Salvatore Fiore

18th Belle Il GM, Jun 19 2014

25



e Domande aperte

— Quanto sono resistenti i cristalli di CsI(Tl) alla radiazione?

N

e E necessario sostituire i cristalli di Csl(TI) con altri con maggiore resistenza alla
radiazione?

— Letteratura + Studio di irraggiamenti di Csl(TI)
e |l Csl puro e resistente alla radiazione?

— Studio di irraggiamenti di Csl puro
— Quanto sono resistenti alla radiazione le altre componenti del rivelatore?
e Studio di irraggiamenti di PIN diodes, APD, resine, colle ecc.

— Qual’e I'effetto della radiazione sull’uniformita del LY nei cristalli?

e Studio LY in funzione della posizione longitudinale (vari esempi in letteratura)
— Quanto peggiorano le prestazioni di fisica del rivelatore a causa del pile-up?
e E veramente necessario sostituire il Csl(Tl) con il Csl puro, che & pil veloce?

— Quanto peggiorano le prestazioni di fisica del rivelatore a causa del danno da
radiazione (minore light yield)? Vedi talk di Benjamin



e Esistono studi precedenti condotti all’ epoca di BaBar e Belle
(ormai ~20 anni fal) sullo Csl(Tl), e altri (per es. CMS)

— L’effetto della radiazione gamma sullo Csl(Tl) € di ridurre la luce raccolta al
foto-rivelatore

— C’é una grande variabilita da cristallo a cristallo
— La luce puo diminuire fino a valori significativi ¥~30+35%

e || limite comune di questi lavori e che la massima dose esplorata
~40 Gy e inferiore a quella aspettata per Belle-l|

e |n Belle-ll, la dose aspettata e stimata con simulazioni dedicate
del fondo

— | valori trovati oscillano da produzione a produzione di fattori 2-3

e Motivi di prudenza consigliano di utilizzare valori piu alti delle presenti simulazioni
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INFN Pure Csl Transmission spectra

%Terror=+ 1% Low dose range (up to 7Gy)
80
| Transmittance
=% Absorbed dose @ 315nm [%]
g Amcrys 002 | Optomat. 402
£ 40
'§ Before irr. 48.26 50.67
E - Optomaterials 402 bef. irr.
= . Optomater!als 402 1 Gy 1 42.82 45.36
20+ - Optomaterials 402 2 Gy
| Optomaterials 402 7 Gy 2 42.63 41.01
4 — Optomaterials 402 after 7Gy (1 night, dark)
L0 L B B L 3 41.05 40.87
250 300 350 400 450 500 550 600
80 Wavelength [nm] 7 41.44 44.85
1 Recovery after 7Gy 47.71 51.51
60 i (1 night, dark)
| w:‘.;*‘:ﬁ:m‘::m““""

v’ transmittance dependent on the
Ty oy bef. irr. absorbed doses

Amcrys 002 2Gy
Amcrys 002 3Gy
1 Amcrys 002 7Gy
d == Amcrys 002 after 7Gy (1 night, dark)

Transmittance [%]
3
|

> > > >

20

v' complete and fast recovery in the dark
250 300 350 400 450 500 550 600 (gray line in the plots)

Wavelength [nm]
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INFN Silicon resins
C ‘

RTV 615 and TSE 3032 : 5

| |
R o)
. |
Refractive Index : 1.406 R-Si—R
|
o)
Low viscosity, transparent silicon rubber designed for protection of H_SLH
electronic components and assemblies against shock, vibration, = cl}
moisture, ozone, dust, chemicals, and other environmental hazards by I |
: : . ~0-Si-CH,-CH,-Si-R
potting or encapsulation of the components and assemblies. | |
R 0
|

Silicon resin

quartz (thickness =1 mm)

v’ different thickness (Imm; 2mm)
v’ transparent, not rigid
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INFN Silicon resins: gamma irradiation
C ‘
100 1 %Terror=11% 100 i ol
5 80+ 3 80
& 6
8 60—_ 8 60__
8§ s 11
£ 40 — RTV615 1mm. bef. irr. £ 1]
E — RTV615 1mm. 0.8 Gy g 07| —— TSE3032 1mm. bef. irr.
e ] RTV615 1mm. 3.2 Gy ¢ - T ;g:ggg: imm' g-g gv
b — —_— © ] mm. 3. Yy
S 1 Exgis imm' iz'é Gy = 207 — TSE3032 1mm. 13.2 Gy
] > lmm. y 1 —— TSE3032 1mm. 44 Gy
0 R l L l L l T I l L | L 0 i T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
200 300 400 500 600 700 800 500 300 400 500 600 700

Wavelength [nm

Absorbed
dose [Gy]

0.8
3.2
13.2
44

Alessia Cemmi

Transmittance

76.63
74.06
74.31
74.21
72.56

@ 315nm [%]

1 1
mm) | (lmm) g2 RTV615: more stable

94.96

86.66
86.23
86.07
79.90

Wavelength [nm]

800

v TSE3032: max AT% @ 315 nm =-15%
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Silicon resins: stability after gamma irradiation

ENEN

ITALIAN NATIONAL AGENCY
OR NEW TECHNOLOGIES, ENERGY AND
@b ECONOMIC DEVELOPMENT

13 2 G AT% @ 315nm = -7.00% 30 Gy
£ Oy
100 (after 27 days) —
e = T 80-
L Va ] i
(] ; ‘." T i
% 001/ — RTV615 imm. bef.irr. | _ Y 60
£ ] — RTV615 1mm. 13.2 Gy T |§ i
8 K= i
;o crvoss s 13261+ 1oy | | The best results are E 0 —— RTV61S 2mm. bef irr.
© A --- RTV615 1mm. 13.2 Gy + 5 days 1 i —— RTV615 2mm. 30 G
= 204 RTV615 imm. 13.2 Gy + 8 days | | 12 i . \
= 207  RTV615 1mm. 13.2 Gy + 19 days : dependent on the i(;u 501 RTV615 2mm. 30 Gy + 3 days
I RTV615 1mm. 13.2 Gy + 25 days 7 —— RTV615 2mm. 30 Gy + 6 days
o Hrrrrrr |+ AbSOrbed dose and T RTV615 2mm. 30 Gy + 27 days
200 300 400 500 600 700 800, . i N
Wavelength[nm] :onthematerlal : O LA B B B B S D B B D S N B B B N B B
100 o o e e e e - 200 300 400 500 600 700 80
1 . Wavelength [nm]
] e mmmmmmmmmmmnmema “
'S 80 7 100
m. : ,’7’ ] / —
= . IZI = _|
8 60 [ : 3803
2 1 [fF —— TSE3032 1mm. bef. irr. LA
5 § — TSE3032 1mm. 13.2 Gy g 60-]
i - ]
- _ o] 4
g 407 TSE3032 1mm. 13.2 Gy + 1 day £ 01| — Tse3032 2mm. bet. irr.
2 . ---- TSE3032 1mm. 13.2 Gy + 5 days £ 1 —— TSE3032 2mm. 30 Gy
© 20_‘ TSE3032 1mm. 13.2 Gy + 8 days S ] . I:::g;; imm- :g gv + ::avs
- - ---- TSE3032 1mm. 13.2 Gy + 19 days £ 20 TeEsD33 2mm 30 G;I o :‘a’is
] ---- TSE3032 1mm. 13.2 Gy + 25 days .
O |||||||||I||||I o 0 IIII|IIII|IIII|IIII|IIII|IIII
=-12.2 200 300 400 500 600 700  80C
200 300 400 sofEELECECGIEREILL 0

Alessia Cemmi

Waveleng

(after 25 days)
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