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Investigations on the radiation hardness of
the flat tile scintillators for the CMS HGCAL

Valentin Ustinov

on behalf of S.V. Afanasiev, P. DeBarbaro, A.Yu. Boyarintsev, Yu.V. Ershov, I.A. Golutvin,

N.V. Gorbunov, A.l. Malakhov, V.A. Smirnov, E.V. Sukhov, D.A. Tlisov*, N.l. Zamyatin
* deceased
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SILICON TRACKER

Pixels (100 x 150 um?) BRIL
~Im?  ~66M channels Luminosity Telescope: ~200k Si pixels (100 x 150 um?) C MS d etector
Microstrips (80-180um) Beam Monitors: 80 diamond sensors, 40 quartz counters .
BRIL ~200m* ~9.6M channels (Compact Muon Solenoid)

Pixels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
ECAL ~76k scintillating PoWO, crystals
HCAL
Solenoid
Steel Yoke SO
ilicon strips (6cm x 2mm)
Muons ~16m? ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil e
carrying ~18000 A N ¥ FORWARD
- ' ' CALORIMETER
Steel + quartz fibres
, HADRON CALORIMETER (HCAL =2 channels
Total weight : 14000 tonnes Brass + plastic scintillator ( ‘ MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
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HGCAL Parameters

A radiation load of 0.3 MRad is expected on scintillation
part over 10 years of HGCAL operation (at the HL-LHC)

< 2m >

Key Parameters (updated from the TDR):
* HGCAL covers 1.5<n<3.0
* Full system maintained at -30°C
» ~640 m? of silicon sensors
» ~370 m? of scintillators
* 6.1M Si channels, 0.5 or 1.1 cm? cell size (6M)
240k scint-tile channels (n—¢)
* Data readout from all layers
* Trigger readout from alternate layers in CE-E and all in CE-H
* ~31000 Si modules (incl. spares)

Active Elements:

« Si sensors (full and partial hexagons) in CE-E and high-radiation
region of CE-H.

* SiPM-on-Scintillating tiles in low-radiation region of CE-H

Electromagnetic calorimeter (CE-E): Si, Cu/CuW/Pb absorbers,
28 layers, 25.5 Xo & ~1.7A

Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers,
22 layers, ~9.5A (including CE-E)
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Samples of the scintillators for tests

Flat-tile configuration Block-area configuration

(Single samples) (Block samples)
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BC-408 (BICRON), EJ-260 (Eljen), SCSN-81 (Kuraray) and UPS-923A (Ukraine) were prepared by the
Institute for Scintillation Materials (ISMA), Kharkov. There are made by milling commercially cast
material down to the CE thickness (3 mm), then cutting the outline and the dimples.

SC-301 and SC-307 were prepared by Protvino (IHEP), Russia.

Ustinov V.V. | AYSS-2020 | November 11, 2020 Page 4



Ustinov V.V. | AYSS-2020 | November 11, 2020



Silicon Photomultipliers (SiPMs) parameters

$12572-015C/P

(Typ.=25 °C, Vop=Vsr + 4.0 V)
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Photon detection efficiency (%)

ID’

N

300 400 500 600 700

Wavelength (nm)

800 900

p S12572
arameter “015P
Effective photosensitive area 3x3 mm
Pixel pitch 15 um
Number of pixels 40000
Geometrical fill factor 53
Package Surface mount type
Window Epoxy resin
Window refractive index 1.55

Scintillators parameters

18 Hamamatsu $12572-015P
were used for light yield (LY)
measurements in the special test
bench. Gain is about 2.3 - 10° at
Vop = Vi + 3.0 for all SiPMs.

Reflector Dimple

/

Muon

Scintillator jr
SiPM

Base plate

BC-408 | EJ-260 | EJ-262 | SCSN-81 | UPS-923A | SC-301 | SC-307
Lig':n{:’::cg:f;fi;e Y 60 57 50 60 55 69
Peak wavelength, nm 425 490 481 440 425 420 416
Decay time, ns 2.1 9.2 2.1 2.5 3.3 2.4 2.2
Base material PVT PVT PVT PS PS PS PS
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BEEE

PVT — Polyvinyl toluene
PS — Polystyrene
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Relative light yield of samples before irradiation

Scintillator Max. emission, nm | Reflector | Number of tiles [ Mean LY, p.e. (G fit) | Relative LY | Ryp5er MM Readout by
BC-408 425 ESR 10 21.9+0.9 1.0
EJ-260 490 ESR 10 25.3+1.1 1.16
UPS-923A 425 ESR 20 19.9 + 0.7 0.91
SC-301 420 ESR 10 26.7 +1.0 1.22 Hamamatsu
SC-307 416 ESR 10 24.4+0.7 6.2 .
112 sizs2-o15p | Single samples
BC-408 425 Tyvek 10 11.2+0.3 0.51 5
EJ-260 490 Tyvek 10 10.2+0.2 0.47 30x30x3 mm
UPS-923A 425 Tyvek 10 11.6 + 0.5 0.53
SCSN-81 440 Tyvek 10 12.0+ 0.3 0.55
EJ-260 490 ESR 23.0+0.3 1.05
Hamamatsu
EJ-262 481 ESR 33.2+0.5 1.52 5.0
13360-1350PE
UPS-923A 425 ESR 20.5 + 0.6 0.94
Scintillator Max. emission, nm | Reflector | Number of cells | Mean LY, p.e. (G fit) | Relative LY | Ry, MM Readout by
BC-408 425 ESR 16 21.4+0.5 0.98
BC-408 490 Tyvek 9 11.6 £ 0.6 0.53 6.2 H Block sam P les
UPS-923A 425 ESR 17 183 0.6 0.84 amamatsu 3
$12572-015P 90 x 30 x3 mm
EJ-260 490 ESR 5 33.8+0.6 1.54 50
UPS-923A 425 ESR 5 21.8+0.2 1.0 )
* The relative light yield (RLY) of all scintillators was normalized to the LY of ESR-wrapped BC-408.
** ESR foils were used for irradiation at the IBR-2. Tyvek was used for irradiation at the CMS.
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Castor Radiation Facility (CRF) and tower with samples

_ 7=1596 \ ) “ CRF Tower Assembled
e ——— AR
N
T

Total: 100 samples
Irradiation time: 138 days
(June-October 2018)

FWT-60-00
Radiochromic
Films




Investigation of radiation hardness of scintillators in IBR-2 reactor

Irradiation in March 11-22, 2019 Irradiation in May 13-28, 2019 Irradiation in January 16-29, 2020

9 single samples
2 block samples

E 58 5 -

/\/ /-Ix IO"’ .

80 single samples

5 block samples

6 single samples
el % 3 block samples
ESR samples
n (85%) + y (15%) Scid Sci-7
....... > (2020) SCi-2
BEAM ....... ) .............................................. D ................................................................
....... ) 1
Sci-1
1019-102nem2s' (<E,> ~1 MeV ) Sci-5 |:|
500 Gy h-! (<E,>~15-2MeV) concrete
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Radiation hardness of «blue» scintillators

BC-408 samples in Tyvek reflector CRF 201 8
3 T N ¥2 / ndf 108.6/18
S o2 Constant 0.009888 +0.00897 PV T
g Slope —0.407 + 0.03331
=2 _ . i
z ++
3 o8 -
N —+- .
< 06—
o u —— —4—
&4:*
o2 - Re-measurements after ~60 days
0 —‘ 1 1 Il Il | Il L Il 1 Il 1 ‘ 1 | Il 1 | Il 1 ‘ 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Dose, MRad
UPS-923A samples in Tyvek reflector CRF 201 8
3 il x2 / ndf 17.47 /18
©
s b Constant —0.002046 + 0.009146 PS
k=) i Slope -0.4546 + 0.03536
5 08—
3 il
3 il
2 o6
2 Il
]
@ i
04 —
0.2 I t
- - Re-measurements after ~150 day
| 1 1 ‘ 1 L 1 | 1 1 | L 1 | 1 L 1 1 1 ‘ 1 L | L Il
0 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Dose, MRad
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Relative output signal, a.u.
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SCSN-81 samples in Tyvek reflector CRF 2018
F 22/ ndf 124/ 18 PS
- Constant —0.02007 + 0.009644
T | Slope 0.4387 + 0.03791
S | -y
B _+_ —{'—
DT D @B
- - Re-measurements after ~150 days
0 ‘JZI | ‘d4l I ‘Ogl I ‘05‘ — ;‘ I 15‘ | I1L‘ I

Dose, MRad

* Max. emission: BC, UPS - 425 nm; SCSN - 440 nm.
** CRF: Castor Radiation Facility at the CMS detector.

All Tyvek-wrapped samples degraded by two
times at the absorbed dose of 1.5 Mrad (dose
rate was about 0.9 kRad/hour). The results are
valid for the PVT base as well as for the PS base.
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Radiation hardness of «blue» scintillators

SC-301 samples in ESR reflector - UPS-923A samples in ESR foil
L o IBR-2 (2019) e ssiee]  IBR-2 (2019)
s L x’/nd 16.39/ 16 - Constant 0.002148 + 0.007214
— B Constant 0.001071+0.009951 | PS & 14 Slope 1,007 +0.04517 PS
£ 1k - Slope ~1.361+0.07818 g I T
= C = 08— l
g o8 — - I =3 N
>3 - 35
o —— ® o5l
g 08 ' 5 B
& g e T
04 04 - —+_:Hb+;
0.2 ; 02—
0:...\\..\\\.\..\\I...\\..\\\.\\.I.\\.I\.\\ 0\\\\I.\\I.\\.\\..\\...I\\..I\.\\I...\\...\
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Dose, MRad Dose, MRad
BC-408 samples in ESR reflector |BR_2 (2019) SC-307 samples in ESR reflector IBR'Z (2019)
1.2 1.2
- %2/ ndf 45.02/16 - %2 / ndf 19.17/ 16
- Constant  0.0004666 +0.000872 | PV T - Constant 0.000911+ 0.009939 PS
1 : - Slope -0.9136 + 0.05715 1 - Slope —-1.029 + 0.06192

o
o

Relative output signal, a.u.
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.2 0.4 0.6 0.8 1
Dose, MRad Dose, MRad
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All ESR-wrapped samples were degraded by more then two times at dose of 0.9 Mrad.
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Radiation hardness of «green» scintillators

EJ-260: max. emission is 490 nm, PVT base

(Measurements were taken in 7-20 days after of irradiation)

EJ-260 samples in Tyvek reflector CRF (2018)
g’_ 12 - I
5 1 , —~+ = ()
7] P — f
5 Wi t
3 08— -
2 i y
S 06 —
o M x2/ ndf 96.41/18
04— Constant —-0.007726 + 0.009126
i Slope 0.02319 +0.02374
0.2 :_ — Measurements ....... a fter ~150 days .......................................
| O - Measurements after ~ 60 days
0 | 1 | 1 1 1 ‘ 1 1 1 1 1 ‘ 1 1 1 ‘ ‘ 1 1 |
0 0.2 04 0.6 0.8 1 1.2 1.4
Dose, MRad

Relative output signal, a.u.
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EJ-260 samples in ESR reflector

IBR-2 (2019)

——

2/ ndf

Constant 0.01243 + 0.009731

Slope

128.7 /16

-0.3703 £ 0.04051

o
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0.2

0.3

0.4

0.5

0.6

I0.8I 1 Il
Dose, MRad

0.7

The green Tyvek-wrapped scintillators practically had no changes in the output signal (LY) up to the
absorbed dose of 1.2 Mrad. ESR-wrapped samples had a small degradation. But we must take into
account different irradiation conditions. IBR have more aggressive conditions relative to CMS detector.
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Radiation hardness of «green» scintillators: additional tests

EJ-260: max. emission is 490 nm, PVT base

(Measurements were taken in 162 days after of irradiation due to COVID-19)

Irradiation of Ej-260 samples (IBR-2, 2020)

5
©
2 i \\_:ﬁﬁ— v
CI>> ——
S 08 — —
E .
EE L
0.6 %2 / ndf 4517 /12
Constant 0.001063 + 0.01343
- Slope ~0.4035 + 0.05563
0.4
0.2 ]
O B | | | | | | | | | |
0 0.1 0.2 0.3 04 05
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Dose, MRad

Irradiation conditions:
IBR-2, 2020 (Jan 16-29, 13 days)

Scintillator samples:

Dimension: 29.5 x29.5 x 3 mm3
Dimple: Raimple = 2 MM
Wrapped: ESR foils

Initial LY of EJ-260 individual tiles:

Mean = 23.0 p.e.

RMS =0.3 p.e.

Test conditions:

Source: cosmic rays
Type of SiPM: S13360-1350PE
Sensitive area: 1.3 x1.3 mm?

Operation voltage: Vop = Vi + 1.0V
Thermo-compensation mode:
Vop = V(25 °C) + 006V - AT
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EJ-260 block samples vs UPS-923A block samples

(Measurements were taken in 160 days after of irradiation due to COVID-19)

Radiation hardness of Ej-260 & UPS-923A block samples

L 4+— UPS-923A (Rd=5.0 mm)
— “\"‘*s + EJ-260 (Rd=5.0 mm)
=
i T~ ﬁ\_%_:
B 1 :
—
H —
— | x?/ndf 20.4/14 ——
| Constant 0.01387 +0.01785
— | Slope  -0.6271+0.07284
| %2/ na 32.6/12
Constant 0.0475 + 0.03231
|| Slope -1.337 £ 0.1314
i \ I I \ \ \
0 0.1 0.2 0.3 0.4 0.5 0.6
Dose, MRad

Irradiation conditions:
IBR-2, 2020 (Jan 16-29, 13 days)

Scintillator samples:
Dimension: 90 x 90 x 3 mm?3
Dimples: Raimple = 2-0 mm
Wrapped:

ESR sheets is main reflector

1 mm epoxy separator between
cells

Initial LY of Ej-260 = 33.8 £ 0.6 p.e.
Initial LY of UPS =21.8 £ 0.2 p.e.

Test conditions:

Source: cosmic rays
Type of SiPM: $12572-015P
Sensitive area: 3 x 3 mm?

Operation voltage:

Vo, = Vp, +3.0V
Thermo-compensation mode:
Vop = V(25 °C) + 0.06V - AT
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Relative light yield of samples after irradiation
up to dose of 0.8 MRad

Ne 1. 2. 3. 4. 5. 6. 7. 8. 9. A d dl tiOna /
Mean (G fit) i Mean (G fit) | Dose rate, . L
Type Reflector | # + RMS, pe. LY Irradiated on £ RMS, p.e. kRad/h RLY after irradiation Ref/ectors results_-
Conditions: R, . = 6.2 mm, Hamamatsu $12572-015P, Dose is 0.8 Mrad
1. | BC-408 ESR | 10| 21.9%09 | 1.0 IBR-2 9.3+0.2 2.63 0.43 , L;; g @l ESR-WmP P Zd
2. | EJ-260 ESR | 9 | 25.3+1.1 | 1.16 IBR-2 18.8+0.8 | 2.55 0.74 ?Cmtl ators  are p "’C?’Cq y
independent of the irradiation
3. |UPS-923A| ESR |17 20.1+0.6 | 0.92 IBR-2 10.1+0.1 | 2.88 0.5 _
dose of the own ESR foils. That
4. | sc-301 ESR |10 26.7+1.0 | 1.22 IBR-2 9.5+0.2 2.64 0.36 . P
is means what ESR foil is
5. | sc-307 ESR | 10| 24.4+0.7 | 1.12 IBR-2 10.6+0.8 | 2.93 0.43 . )
radiation-resistant reflector.
6. | BC-408 Tyvek | 10 | 11.2+0.3 | 0.51 CMS 5.9+0.1 1.28 0.53 . . .
This result is valid for
7. | EJ-260 Tyvek | 10| 10.2+0.2 | 0.47 CMS 10.2+0.8 | 1.14 1.0 ] .
p irradiated as well as non-
- | UPS-923A | Tyvek | 10| 11.6+0.5 | 0.53 CMS 7.3+0.1 1.22 0.63 irradiated  scintillators  using
9. | SCSN-81 | Tyvek | 10| 12.0+0.3 | 0.55 CMS 9.7+0.2 1.2 0.81 irradiated ESR foils.
Conditions: R, . = 5.0 mm, Hamamatsu $13360-1350PE, Dose is 0.5 MRad
10. | EJ-260 ESR 7 | 23.0+0.3 | 1.05 IBR-2 19.0+0.2 | 1.47 0.83

* The relative light yield (RLY) of all scintillators was normalized to the LY of ESR-wrapped BC-408 before irradiation.
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New fast «green» scintillator materials
for tests: IBR-2 (Nov 2020, 6 tiles)

EJ-262 samples:

LY relative anthracene: 57%

Max. Emission: 481 nm

Decay time: 2.1 ns (instead of 9.2 ns like Ej-260)
Base material: PVT

Dimension: 29.5x29.5 x 3 mm?3

Dimple: Rgimple = 5-0 mm

Wrapped: ESR foils

Initial LY of EJ-262 individual tiles:
Mean =23.0 p.e.
RMS = 0.6 p.e.

Test conditions:

Source: cosmic rays
Type of SiPM: $13360-1350PE
Sensitive area: 1.3 x 1.3 mm?

Operation voltage: Vop = Vi + 1.0V
Thermo-compensation mode:
Vop = Vizsecy +0.06V - AT
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Light Yield, p.e.
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Initial LY of Ej-262 samples (September 2020)

3 I
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~ *good repeatability

+ Measurement 1
+ Measurement 2

6
Sample number
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Dependence of the light yield on the Dependence of the output signal (LY) on the position

thickness of scintillator of 1 mm? SiPM (512571-015P) in the dimple
. 30 , 3 30 3 « 30 . Output signal as function SiPM position
g | 0.6] | m_l “I ﬁ‘ 15] 5 4 ——
™ o -
--------- — — e — % o8 —— - .
g | ——
° 06
3 mm 17.39 p.e. 100% % i RE —
3.5 mm 22.65p.e 130% & 04
4 mm 23.21 p.e. 134% _
0.2)-
* UPS-923A block samples were used. o e
All samples had ESR reflectors. - - 2 - 0 1 2 Poiition, -
Detection of light was carried out by
Hamamatsfl.'l MPPC 8125722'01 5P with - Position is a shift relative to the center of the dimple
photosensitive area 3x3 mm<. - ESR-wrapped CALICE type scintillator (30x30x3 mm? tile)

- Source of particle is 2°Sr
- Rd/mple = 4.0 mm
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Positive dynamics in radiation hardness at decreasing R

Irradiation of Ej-260 samples (IBR-2)

dimple

- H —y— Rdipmle = 6.2 mm
4y}
> 1 T I ) . + Rdipmle = 5.0 mm
- i S ) I T
(b} %
g - S R S
E 0.8 | | 4‘\—-
o _
e f
0.6 - ¥2 / ndf 5.389 /6
- Constant 0.003292 + 0.01467
B Slope —0.4535 + 0.07574
0.4 ] ¥2 / ndf 2.347 /12
- Constant 0.0001183 +0.01125
_ Slope —0.3985 *+ 0.0657
0.2
O B | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
Dose, MRad

Ustinov V.V. | AYSS-2020 | November 11, 2020

Page 18



Summary:

e Radiation hardness of scintillators is almost identical for all

types.
 EJ-260 scintillators (green) have minimal degradation of LY at
different irradiation facilities.

e Radiation hardness of scintillators not depends on the base material
(PVT or PS), but it depends on peak emission wavelength.

 Additional EJ-260 scintillators were irradiated in January 2020.
Results show similar behavior relative to earlier studies.

 New EJ-262 scintillators were formed and tested in autumn 2020.
Samples are being irradiation in IBR-2 reactor now.
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Thank you for attention !
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More details in :
Stand for the investigation radiation
BIOCk Samp I es hardness of the plastic scintillators [/
3x3 cells CEUR Workshop proceedings, Vol-2507 -
pp. 418-422 (2019)

Single tiles
30x30x3 mm?3

(un)wrapped
SiPM-on-tile
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987654321
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SiPMs ‘
| | with test e B
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Cross calibration and multi-channels measurements

Calibration of nine-channels optic modules

g_: 24 1

‘_é 22 . : et i

% 20

"g’_ 18

g 16 x? / ndf 6.378/15
| 14 p0 21.93 + 0.1754

}
I
%

Nine-channel module 12 3 4 5 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27

Channel ADC

aref = 0.7% 69ch= 0.3-1.2 asys = 3.2%

o°

6 = aref +69ch +6stat +65ys = 4.5-4.8%
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Ej-260 single samples before irradiation in 2020

32
28 é
g 24 ¢ ® O é ® o ® ¢ Rd,-mp,e =5.0mm
_~20
;% 1.3 x 1.3 mm? SiPM
5 16 (Hamamatsu
ERT $13360-1350PE)
3 ) Initial LY of EJ-260 individual tiles
Mean = 23.0 p.e.
4 RMS =0.3 p.e.
0
0 1 2 3 4 5 6 7/ 8 9 10
Number o
Conditions: 30 i 7.8 mV per p.e. -
Source of irradiation is cosmic rays 23 i
V, =V, +1.0V g
Standard thermo-compensation of Hamamatsu 10 | H |
Voo = Vizseocy +0.06V - AT TR | ' ' '

o_I 1 I I 1 1 I 1 1 1 1 1 1 1 I 1 1 I I 1 1
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Amplitude (mv)
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Irradiation of ESR reflectors (4x4 cm? samples)

ESR foil samples irrafiation in IBR-2 reactor (2019)

5 12 B/ 10092001114
i [ + _+__—+— b ~0,03383 £ 0.02455
= 1 - L
e ] |
> |
2 08 -+
5 _
ol i
"'9__) B
5 06
=
© i
& 04

0.2

0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
Dose, MRad

* Tests were taken in a special test bench. Source is
455 nm picosecond laser. Trigger from PMT-85.
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The common decrease of the LY level is highly likely

Long-time annealing of the EJ-260

EJ-260 measurements after irradiation in IBR-2 reactor

IBR-2 (2019)

L
—
T Q
_ o _\ﬁ}_}_“‘—\————___ — # \*\
L - -\—"'—'—‘._ e
: %2 / ndf 28.81/14

Constant 0.002287 + 0.01044
: —+— 227 days after irradiation (single tiles, 2019) Slope —0.4155 + O',04233
_ x2 / ndf 17.33/14
__ —+— 21 days after irradiation (single tiles, 2019) Constant ~0.002742 + 0.01054
3 Slope —0.3353 £ 0.03914
0 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Dose, MRad

atmosphere of the IBR-2 reactor.
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is results of the aggressive
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ESR foil Epoxy+TiO2 PS

Optical cross talk \ oo iy e

-
—
oo p—

10000 - A beta radioactive source and cosmic

rays were used to measure cross talk.

The signal in the adjacent scintillator
was nho more than:

0.15 % on Sr-90
0.2 % on cosmic rays

100 A

counts

1 1 1 1 1
0 500 1000 1500 2000

channels

Ustinov V.V. | AYSS-2020 | November 11, 2020 Page 27



Hamamatsu S13360-1350PE

Pixel pitch: 50 pm Pixel pitch: 50 pm
—_ s o
6 x 106 . (Ta=25°Q) . & cn __(Typ. Ta=25 °C)
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Realization of item #5 of theme “CMS. Comact Muon Solenoid at the LHC” (02-0-1083-2009/2019)
TOPICAL PLAN FOR JINR RESEACH AND INTERNATIONAL COOPERATION 2019

1 5. Development and investigation I.A. Golutvin | Realization |
of the scintillator module proto- A.I. Malakhov -
Cover type of the CMS Hadron

Calorimeter
VBLHEP S.V. Afanasiev, Yu.V. Ershov, N.V. Gorbunov, A.M.
) Kurenkov, V.A. Smirnov, E.V. Sukhov, T.V. Trofimov,
ESR reflector V.V. Ustinov N.I. Zamyatin
y " Mecrotile &, A. Zarubin, 51st meeting of the PAC
o for Particle Physics
ESR reflector

L e http://indico.jinr.ru/event/892
‘ Tileboard

. besign of prototype of scintillator module (macrotile option) has been developed
Sefetyshisiding * 4 prototypes of scintillator module are made

* Study and testing of samples and prototypes are in progress

SiPMs, scintillator and reflector

One prototype scintillator module 3 prototype scintillator modules sent for study
samples irradiated at IBR and tested

is being tested at JINR to CERN, DESY and US(FNAL...) for testing.
as Scintillator design and selection 16 Nov 2017 25/07/2020 13 Oct 2019 Scintillator and tileboard
. el el Bl e assembly technique selected
882 Scintiator assembly technique evaluation 16 Nov 2017 06/10/2019
888 Scintiator and tile board assembly technique selectsd (HL) 18 Oct 2018 1al1m194// (Milestone g 3.3-3)

Page 29



