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120 years of inorganic scintillators
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) Inorganic scintillators largely used in HEP
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(@ A large variety of future detectors
with different requirements

e*e colliders Radiation

tolerance

Precision physics benefits from
exploiting the best possible
energy and time resolution

Setting the toughest challenge
on radiation tolerance
and pileup conditions

Energy Rate S ‘

resolution & pileup

Strong interaction

- My colliders
experiments (e.g. EIC)

High beam induced background

Requiring the highest energy Low energy Time and radiation levels, need for
resolution for low energy photons resolution ambitious time resolution
& granularity

M.T. Lucchini, Scint2022 conference
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& A large variety of proposals with inorganic scintillators

CMISBTL ™
e'e* colliders <=

HGCAL Design 1 Design 2

Radiation
tolerance

Crystal bars SiPM  FE+PCB Cooling + Support

Crystal s‘mum‘u (eg. 860, LYSO.)

e

“photodetectors (eg. FPMT, SPM.Y "

LHCb : SPACAL

’ =0 scintilator  EEEEEE mMirror
incioont | VY Em— absorber =——n light guide
particles

Incident u
particles d | -
|
|
) Energy 2 Rate
. resolution & pileup front back
=N RAD|C
W (2.5 mm)
e /Y80 (1.5mm)
/ Quartz caplllary
/" Menivaring e
. . . to rem: n‘pﬁ«m\.wu
Strong interaction experiments (eg EIC) e = L
. resolution Ll l.l CO”|derS
"""" R & granularity

read-out boards

CRILIN

POWO, crystal &
tormal support sructure.
unéversal upport frame  DIRC bars

E. Auffray, 08/04/2024



) . < .- .
) A large variety of scintillating materials is available

GngiO_sZCC

S

AFG (AFG450) || HFG (HFG320) [ ZFG (ZFG20)
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&) Which one to choose?

Largest Moliére radius QO Smallest Moliére radius Highest refractive index O Lowest refractive index

" QYAG .Csl:‘l’l L 550
2 102 4
[ 40.0 ® BaF2
LuAG:Ce
7\(5 ‘ . LaCI3
[+] L
3.0 1 7 (J L 500 =
Vo % £ €
& |>.C|3 O, OGGO YAG:Ce =
e 4 350 £ . Nal:T| <
( Nal [S) [S)
251 \_ / S .GAGG:Ce S
~— = as0 =2
o L5 = - ()
£ o %) >
O = i 5 BSO g
g & o o 1024
> = ~ X
204 s o Oaso s
LaBr3 c Yso

e > = O GYAGG:Ce,Mg,Ti a0 Q
b Q c
O CeF3 g OLYSO:Ce g
GAGG 5 Csl [}
151 LUAG - @ CeF3 =
=0 £ .YAP:Ce )

.LuAG:Pr .LaBr3 I 350
@@dxso ‘ LuAP:Ce .CeBrB

1.04
PbF 2
@™ o - vao

3 3 5 6 7 8 9 0 50 100 150 200
Density [g/cm?3] Relative LY (normalized to LYSO:Ce)

300

M.T. Lucchini, Scint2022 conference

E. Auffray, 08/04/2024 7



&) Which one to choose?
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What is the Ideal one?
VLT Lucching Scint2022 conference Possibility to engineer existing scintillators ?
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Possibility to modify crystal composition
to tune the properties

eg Mixed materials: concept of multipurpose scintillation materials

YAG (Y;Al.0,,)

doped with Ce Ternary Quaternary
or Pr:
X-rays Another example

a-particles

E. Auffray, 08/04/2024

Courtesy M. Korzhik, RINP, Minsk
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&) (Gd,Y,Lu);Al,Ga;0,,:Ce, Mg

$
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& Mixed tungstate properties

. . . . . . .
71

Photo-absorption coefficient at 0.485 0.222 0.197 0.223 0.359 0.340 0.350
511 keV, cm-!

Radiation length Xo, cm 0.89 1.49 1.50 1.33 1.11 1.11 1.07
Moliere radius Ry;, cm 191 2.28 2.40 2.36 2.09 2.12 2.11
LY, ph/Mev 200 14400 1200 >100 7000 8700 5500
(y-quanta)
Parameters of the

S . 1.8(60) 60(30) 57(40) 44(60)

2 22 >1
scintillation kinetics, 6(40) 8200 5 0 350(70) 246(60) 180(40)
ns (%)
263 170 90

*Effective decay constant, ns

Courtesy M. Korzhik, RINP, Minsk
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) Mixed Material: BGO-BSO (Bi,(Ge,Si;):0;, )
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) Playing with the doping

Example of Codoping Ce, Mg of garnets
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M.T. Lucchini etal., NIM A, 816 (2016) 176 Mg?*increase Ce** centers which can directly compete with any

electron trap for electron capture in the first instants of
scintillator mechanism

=> Expected faster decay time and lower slow component

M. Nikl, A. Yoshikawa, Adv. Optical Mater. 2015, 3, 463481
M. Nikl et al. Cryst. Growth Des. 2014, 14, 4827 .

Faster decay time with codoping Ce3*/Mg?2*
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@] GAGG (d,a16a,0.,: Tunable properties with composition

B

Effective decay time versus Light output Coincidence time resolution (CTR) versus photon density
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@ Spaghetti calorimeter concept D %.
with W and garnet crystal fibres ° e

Energy resolution versus incident angles

[ scintillator [ mirror

e absorber =1 light guide A :\ (DESY 2020
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https://arxiv.org/abs/2205.02500

o Performance in SPACAL I Y

SPACAL Signal Simulated

o
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— Need to suppress slow component and
shorten the main decay component to avoid
pulses from different interaction to pile up

L. Ann, NIMA, 1045 (2022) 167629 arXiv:2205.02500 = But maintain time resolution
E. Auffray, 08/04/2024 17

Excellent timing performance in TB
But what will be the impact of pulse shape at HL-LHC ?



https://arxiv.org/abs/2205.02500

) Acceleration of GAGG emission AIDA

innova
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Acceleration of GAGG emission AIDA [J

innova

Heavy co-doping Ce3*/Mg?* R&D %

@ FZU & First results obtained by Crytur Company

—4 \
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Measured by FZU, M. Nikl

No slow component, decay time below 10ns!
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&) Towards very fast PWO by doping AIDA [

innova

Many developments on PWO to decrease decay time toward sub ns domain with heavy doping:

Scintillation decay of PWO:Gd (1% in melt) Photoluminescence decay time @425nm
*’Na ex0|tat|on RT, spectrally unresolved ol ' T , . :
'6‘ 1000 T T T T T T T T B s B e e e e Bt B s B s s B e P 10 L )
:.é response function _.g
S decay data e
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s 100 S
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— >
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= 2 onal
c C 107k
(0] i
2 €
£ 1 £
- i
o -3 ) T
10°F, = PO :
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Time (ns
M. Nikl et al, J.Cryst. Growth 229, 312-315 (2001) M. Korzhik et al, Nucl. Instr. Meth. in Phys. Res. A"1034 (2022) 166781
M. Nikl, et al, Radiation Measurements 33, 705-708 (2001)
M. Kobayashi, et al: Nucl. Instr. Meth. in Phys. Res. A 459, 482-493 (2001) Candidate for KLEVER &CRILIN calorimeter
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&) CRILIN calorimeter concept

Crystal Calorimeter with Longitudinal Information 2
&
AIDA
Inhova
INFN
g
£
5 layers of 40mm3 of high-Z, ultra-fast crystals (22 X,): PbF2 or PWO-UF °
UV-extended SiPM readout.

E. Auffray, 08/04/2024
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EXPLOITATION OF FAST EMISSION PROCESSES




@ Exploitation of Cherenkov/scintillation
in intrinsic scintillating crystals B

Decay time spectra of BSO under 511 keV excitation JEEE R&D

BGO and BSO transmission spectra 10" | | Without & with filters

100

e h ....... k 2 ' 4 =5413ns (197 %)
— - = Cherenkov 74y =56.523ns (2934 %)

filter

14

-
n

90

743=168.593ns  (64.68 %)

12

Intensity [A.U.]

-

80

Transmission [%)]
Normalized counts

o
in

70 10

=

M-

60

‘Ioglo(Number of Counts)
o
n

50 : 5 1

40 6

-H-  filter

30 =Pl scintillatian

filter

qlII|IIII|IIII|IIII|IIII|II I|IIII|IIII|II

— Emission BGO/BSO
= = = Cherenkov ( 1/A?)
= Transmission BGO
Transmission BSO

20

iR R

N

10

I L1

| 1 | 1 1 1 1 1 i 1
106 107 108 109 110 111 11
Delay [ns]

—_—
87-%}”"

O | I | | 11 1 | | I | | | I | | L1 1 | | | I | | | I | :
850 300 350 400 450 500 550 600 650

R. Cala et al, NIMA 1032, 2022, 166527
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Maximum information calorimeter concept (MAXICC)

Decay time spectra of BSO under 511 keV excitation
Dual readout on bulk scintillators a0 without & with filters

14 Chereniow 2 . 74y =5-413n5 (1.97 %)

filter 15

5652305 (2034%)

743=168.593ns (64.68 %)

BSO (or mixed BGSO) crystal: faster
than BGO, higher LY than PWO,
better transmission

May be a good candidate for MAXICC

Normalized counts
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- 1l- filter
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filter

2- A
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7 180
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° o
Rear crystal ECAL segment: 60 p . 8 '
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D) Crossluminescence material

S
BaF, emisison spectra
3 RsD

Radiative transition between 100
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th - . ;
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>
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Very fast emission < 2ns J. Chen, et al., IEEE Trans. Nucl. Sci., vol. 65, no. 8, pp. 2147-2151, 2018.

bUt genera|y in uv emission R. Cala et al, SCINT2022 conference SantaFe Sept2022
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&) Crossluminescence Recent Developments
R&D to shift the emission towards Visible

Emission spectra Emission spectra
Ba F2 ——BaF2 ——(CCC ——PMT ,‘ a10? Ssl:; BaF,
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Data for BaF, from M. Laval et al., NIM Phys. Res., 206 (1983) 169-176 gt (nm)
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) Development on Scintillating Glasses

* Since some years new developments on glasses within different projects (eg ATTRACT project, EIC R&D)
* Oxyde and Fluoro glasses

* Attempt to increase the density and the radiation hardness Fluorophosphate AFO glasses
* Progress in production scale Timing resolution with mip
EIC R&D: eRD105 (SciGlass) = =R e S s it
Exemple DSB GIaSSES %Intelum §140;— i:;:':z::mecﬁon 1H52KGZ)§/GPTLT;_;

2cm x 2cm x 40cm

7Xo 10-20X, C
i ]

B e C ]

e = S - R

[ 0%~ (31.4+1.3) ps
[ ofs = (204+08)ps

80

Scale up Size

60

a0

20

. . Q’—Z:) Test sizes only r
Industrial development via T e Dec 2020 yam 0
ScintiGlass: Attract project
with Preciosa Company

mi o x JET"n Byl |
025 02 015 01 905 0 005 0.1 0.15 0.2

At [ns]
From T. Horn, CERN EP R&D, Nov21 M. Lucchini et al., arXiv:2212.03368, submitted to NIMA

t’ADTTI'\'AI:T

V. Dormenv et al, NIMA, 1015, 2022, 165762
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100 cm

Total absorption :
no sampling fluctuations or other sampling—related contributions
Separate measurement of Scintillation light (S) and Cherenkov light (C) in the same device.
With low cost high density scintillating crystals or glasses
M. Marteau et al. CPAD2021, See talk tOday Sen Qian
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&Y R&D for Organic Scintillators

Polyethylene Naphtalate(PEN)

)
2

~ 1

. = 3
Organic glasses developed g % 05 &
£ 80 08 3
in Sendai National lab § 7o —PENTwnsmitance 07 &
= 60 __PENRadDamage2022 — 06 §
] jl B ] el L T| N 50" ; Transmittance “ 05 é
| ! \ 40¢ \‘ PEN Emission 04 W
- l / & 30 \ 03
B | B =g 20 0.2
’ 10 : 0.1
%PS GS$+3%PC |0 %TDB 800 @0 400 450 500 550 600 Wa 52?,9;;"3?
v

20 P. Conde Muino et al., arXiv:2312.14790v1

Light output

Polysiloxane materials

Irradiation with electrons (E, = 8.3 MeV) up to 300 MRad dose
ISMA (Kharkiv) tests

Sylgard 184 (h=2 mm)

Relative '¥’Cs Light Yield (a.u.)

Sylgard 184 f 1005

O o o 80 — before irradiation
(a8 (a8 (a8 C

S I B g 601 — after 300 Mrad
Al el e a8 T ;o aler o e
= Of Before irradiation  After 300 Mrad &

® ol e / (B E & 20

B (o] D -~ - o
Sample Name = 0 T T T T T T T

300 400 500 600 700 800 900 1000 1100

Wavelenght, nm
Courtesy A Boyarintsev, ISMA, Kharkiv

From L. Q Nguyen et al., NIMA 1036 (2022) 166835

See aA. Boyarintsev NIMA 930, 2019, 180-184
A. Quaranta et al. NIM B, 268, Issue 19, 2010, Pages 3155-3159
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https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-b-beam-interactions-with-materials-and-atoms/vol/268/issue/19

) From Bulk to Nanomaterial: Quantum Confinement

Same crystal lattice but nanometer-sized crystal particle

Bulk semiconductor Semiconductor NC
1D(e)
— —] 1P(e)
—— Conduction —}
—— band —
1S(e)
Energy gap | E, (bulk) E_(NC)

' 1S(h)
1P(h)
1D(h)

V. Klimov Annu Rev. Phys. Chem. 58 (2007) 535-573

2.3

With decreasing crystal size
From “continous band” to quantized energy levels

E. Auffray, 08/04/2024

Simultaneous excitation at 365 nm
] 1.4 | | |

.O.<~~‘..
| | [ |

Size-dependent emission

Fluorescence

» 5.5

Size (nanometers)

400 45 500 550 G600 65 700
Wavelength, (nm)

from Benoit Dubertret and Hideki Ooba
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CRYSTAL

& CsPb(CI/Br); Scintillating nanocomposite =

Tunable emission

22

Nanocrystals embedded in polymer

Nanocrystals in solution
Increase of Pb %

Polymerisation

4
' ' ‘ 12200 :

g} 442nm 515 nm ——15% CsPbBr,@PS 540 nm
= 10 L|—15% CsPb(BriCI),@PS 505 nm
'§ i 5 —15% CsPb(Br/CI),@PS 490 nm
208 8 —10% CsPb(BI/CI),@PS 455 nm
o ;“_, 8t
& Y
3 0.6 2 ]
& 2
° H—
Q 0.4+ o
S € 4l
© © 4
é 2
2 0.2 ol

0 - : 0 A AN

400 450 500 550

450 500 550 600
Wavelength (nm)
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) CsPbBr; Scintillating nanocomposite [

lé].)[.(;I_ISTUDI
Light Output & < @
1400 : ; T Decay spectra Bicocch
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© . 1 Very fast emission
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Dose (kGy) A. Erroi et al, ACS Energy Lett. 2023, 8, 3883-3894
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INNOVATIVE CONCEPTS




o) Fibres allow flexibility in detector design [

From bulk crystal To bloc of fibres To SPACAL
) |
|
| |
= =
i Sampling
Homogeneous calorimeter .
calorimeter
=> Requires large volume of fibres with high —> requires less fibres, possibility to use
density materials with lower density

Could be multifunctional: mixed type of fibres
Cherenkov + scintillation +neutrons sensitive
Could play on sampling fraction
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) Tuning of detector performance with SPACAL [

Study for :Pitch fixed at 1.67 mm, fibre size variable; R&D

. | H

'g' 30 r T T T : T w 030
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a r.o° X : m £ 026F- —8— Stochastic term pitch
3 o5k 0 e g 5
2 - = Moliere radius Poom 2 024 —=— Constantterm - D D D
; C ; ; im S 022 : : ‘ —
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= L : ie) E i
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B 0.08]
] PSSR S Y% e R —— 0,06
- 0.04:— .....
80I : IOI2I : IOI4I : IOI6I : IOI8I : I1IO 00:|||||||l|||||||||||||||||||||l||||||.lll’||IHIIFI’IIII
. . . . . . ' % ) 0.2 . X . 06 0.7 08 v 0'9/(\/ 1.0+v )
VGAGG/(VGAGG"'Vw) GAGG'\Y GaggT Y W

Optimisation of sampling fraction

Modification of Moliere radius and X, ceren .
—> optimisation of energy resolution

=> optimisation of granularity
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Heterostructure Concept &

aer

Combine scintillators with high light yield, high stopping power with prompt emission material

2 L 1='1 .500ns (6.97 %)

All Photopeak  7,,=18.350ns (1.22 %)
events 745=40.920ns (3.08 %)

=
o

-

R

high-Z scintillator

[=]

log10(Number of Counts)
- o
o

I
o

fast scintillator

©

Integral [Vs] R

'
N

Res. [N. of C.]
n n
ocoo
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100 200 300 400 500 600

0
4 AT Insl
F. Pagano et al, IEEE NSS/MIC2022, IEEE TNS, 70, 12 (2023) 2630-2637
2|
1.0 { s Bulk BGO
0 mmmm BGO & ER232
All 511keV
0.8-
a BGO & ER32
€ Shared 511keV
= 204 + 10 ps
S 0.6
hel
8 155+ 8
_ . . £ ps
=> Energy sharing between bulk and fast emitter g ol
2
0.2
Concept proposed in the frame of ERC TICAL (GA 338953 PI: P.Lecoq) 0.0 oA . . -
R. M. Turtos et al, Phys. Med. Biol. 64 (2019) 85018 -300 =200 -100 O 100 200 300 400

Time Delay [ps]
Work supported by CERN KT medical applications budget F. Pagano et al 2022 Phys. Med. Biol. 67 13501C

E. Auffray, 08/04/2024 36

F. Pagano et al, 2022, 2022 Phys. Med. Biol. 67 135010




CRYSTAL

Timing performance of CsPbBr; nanocrystal layer [}
on bulk GAGG

Detector time resolution with pulsed Xray source

1.0 || e GGAG Time Resolution
+CsPbBr; -
__LYSO no CsPbBr; with CsPbBr;
+CsPbBrj | |I: .2 NS 290 ps
0.8 1 CsPbBrs | I 695 ps — 300 ps
"2 : QVG\ 230 ps
) (&
> 4
T, 0.6 :
. . T FWHM
Detector time resolution (DTR) measurements e
= 0.4 1
Oscilloscope <
B | £
[}
2 0.2
X—ray HF Operational External
Amplifier Amplifier Trigger
MN\M (Tlmseigannacll)stop (Energy Signal) (Start Signal) 0.0 J
<o um SiPM + Sample 2'0 2'2 2'4 2'6 2I8 3I0
CPB - Time Delay (ns
bulk crystal ﬂ um - Collimator y ( )
SiPM -E | Significant improvements in timing performance
o Pulsed Laser . . -
M——— under X-ray excitation with nanocrystal layer
F. Pagano etal, Frontiers in Physics (vol10) Work supported by CERN KT medical applications budget F. Pagano et al., Adv. Mater. Interfaces2024,11, 2300659

E. Auffray, 08/04/2024 373




D) First Attempt to use Nanomaterial in HEP AIDA

innova

Nanocal Bluesky Aidainnova project NEN

Build a Shashlik module with CsPbBr; nanomaterial embedded in PMMA
‘ ”irst prototype in 2022

CsPbBr, in PMMA

'rotvino
flastic scintillator

) CsPbBr,
Z in PMMA

Protvino scintillator NanoCal scintillator

Polystyrene PMMA
1.5% PTP/0.04% POPOP  0.2% CsPbBr,

See EP newsletter Nov 22 Kuraray Y-11(200) fibers Ku raray 0_2(100) fibers

M. Moulson presentation Aidainnova WP13 20.12.2022 From M. Moulson Aidainnova WP13 20.12.2022
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(@) Chromatic calorimeter concept
with nanomaterial scintillator

Simultaneous excitation at 365 nm
i 304 | | |

CXN N '

000 O& ¢ Ntensity
Size-dependent emission I n C ( 8
— ')
par ~» Shower =
g profile =
g (D
S

IR\
400 450 500 550 a0 650 00

Wavelength, (nm) . . . .
e Longitudinal Shower development information

M. Doser et al, 2022, Front. Phys. 10:887738.
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7 G ra | n |ta P rOj ect Inspired by LiquidO technique for neutrino detector
(A. Cabrera et al. LiquidO Commun Phys 4, 273 (2021) )

Concept: dispersed sub-millimetric grains heavy material
(ZnWOQ,) in dense liquid CH,l, readout with wavelength shifter

ZnWO, (From ISMA Ukraine): GEANT4 simulation for ZnWQO, + CH,l,

*  LY=10kph/MeV cubes (random position) 1mm cubes:
* Density 7.62

e R LR YN YT N6 %Y

LA R

> [ndeip=ad iy T S T og 2%
e T=20us 25 .5‘:,351‘ :’: fﬂ:;\) ‘.5\;,5?1‘ ::', 7 —~
*  Apax =480 nm 'f@/ '_f',¢ YRS L L b STy, E /_E

Y A ('0,'.%,'*""'*[; ('0,'0

* grainsize:0.5mm-1mm

Current Status

* Proof of principle demonstrated with a small test bench
* (average light path in ZnWQO, + propanol ~ 17 cm)

 Tests of various WLS fibers from Kuraray on-going

* 16-channels prototype (~ 200 g ZnWQ,) under design

° COSI’T]]C rays test bench under design Courtesy M.H. Schune, 1JCLab, Orsay, France

on Behalf of Grainita project, see more:

https://indico.in2p3.fr/event/27968/timetable/#20221121.detailed
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Conclusion

The field of scintillation is constantly evolving since more than century
Much progress in the understanding of scintillators has been made since the 1990s

The availability of new technologies and methods has enabled a much better understanding of the
processes behind

The research on fast emission processes has been strongly fostered by an increasing demand for fast timing
detectors

=> New perspectives for innovative concepts of detectors based on scintillating material with
multi-functionalities (eg. Cherenkov/scintillation) for next generation of radiation detectors

E. Auffray, 08/04/2024
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) ECFA detector Roadmap
=> New collaboration on calorimetry since Jan 2024 (DRD6)

CERNBox: Folder a_cernboxsync: Preparing for sync.
DN V. UAIOLIIEy

Proposal Team for DRD-on-Calorimetry
January 15, 2024

Martin Aleksa!, Etiennette Auffray!, David Barney!, James Brau?, Sarah Eno®,
Roberto Ferrarit, Gabriclla Gaudiof, Alberto Gola®, Adrian Irles®, Imad Laktineh?,
Marco Lucchini®, Nicolas Morange?, Wataru Ootani'?, Marc-André Pleier'!, Roman Péschl?,
Philipp Roloff!, Felix Sefkow!2, Frank Simon'® Tommaso Tabarelli de Fatis®, Christophe de la
Taille!4, Hwidong Yo' (Editors)

'CERN, Geneva, SWITZERLAND

2University of Oregon, Eugene, OR USA

3University of Maryland, College Park, MD USA
4INFN, Pavia, ITALY

SFBK, Povo, ITALY

SIFIC, CSIC-Unversity of Valencia, Valencia, SPAIN
7IP2I Lyon, Villeurbanne, FRANCE

SUniversity and INFN Milano-Bicocea, Milano, ITALY
91JCLab, Université Paris-Saclay, Orsay FRANCE
10University of Tokyo, Tokyo, JAPAN

! Brookhaven National Laboratory, Upton, NY USA
12Deutsches Elektronen-Synchrotron DESY, GERMANY
'Karlsruhe Institute of Technology, Karlsruhe, GERMANY
14OMECA, Palaisean, FRANCE

15Yonsei University, Seoul, SOUTH-KOREA

Contents
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BZ Highly pixelised clectromagnetic sectio

Bo- S ey .
.
1
d 17 0 = e 14
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U > for Future Accelerators 15
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http://cds.cern.clh/record/2886494
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Q) ECFA DRD6 collaboration on calorimetry

WP3 Optical calorimeter

CERNBox: Folder a_cernboxsync: Preparing for sync.
DNy 0. valorineury

Project Scintillator/WLS Photodetector DRDTs Target
Proposal Team for DRD-on-Calorimetry Task 3.1: Homogeneous and quasi-homogeneous EM calorimeters
HGCCAL BGO, LYSO SiPMs 6.1, 6.2 ete”
January 15, 2024 MAXICC PWO, BGO, BSO SiPMs 6.1, 6.2 ete~
Crilin PbF,, PWO-UF SiPMs 6.2, 6.3 ut s
Martin Aleksa!, Etiennette Auffray!, David Barney!, James Brau?, Sarah Eno®, Task 3.2: Innovative Sampling EM calorimeters
Roberto Ferrari?, Gabriella Gaudio®, Alberto Gola®, Adrian Irles®, Imad Laktineh?, GRAINITA ZnWO4, BGO SiPMs 6.1, 6.2 ete”
Marco Lucchini®, Nicolas Morange®, Wataru Ootani'®, Marc-André Pleier!!, Roman Péschl?, : s . + o
Philipp Roloff!, Felix Sefkow!?, Frank Simon!? Tommaso Tabarelli de Fatis®, Christophe de Ia SpaCal GAGG, organic MCP-PMTsSiPMs 6.1, 6.3 00 /bh
Thille!4, Hwidong YooS (Editors) RADICAL LYSO, LuAG SiPMs 6.1, 6.2, 6.3 e"e” /hh
Task 3.3: (EM+)Hadronic sampling calorimeters
LCERN, Geneva, SWITZERLAND
2University ovaregon, Eugene, OR USA DRCal PMMA, plastic SiPMs, MCP 6.2 ete”
N T Iy P i A TileCal PEN, PET SiPMs 6.2, 6.3 e*e” /hh
THLE; GRIC Uty of Valeoeia, Valancia, SPATN = Materials
, CSIC-Unversity of Valencia, Valencia, - — —
7IP2 Lyon, Villeurbanne, FRANCE ScintCal - - 6.1,62,63 e'e /utp /hh
University and INFN Milano-Bicocca, Milano, ITALY . .
9LICLab. Universitd P Sa iy O FRANCE rCryoDBD Cal TeO, ZnSe, LiMoO n.a. - DBD experiments
19University of Tokyo, Tokyo, JAPAN NaMoO, ZnMoO

' Brookhaven National Laboratory, Upton, NY USA
2Deutsches Elektronen-Synchrotron DESY, GERMANY
3Karlsruhe Institute of Technology, Karlsruhe, GERMANY
MOMEGA, Palaiseau, FRANCE

15Yonsei University, Seoul, SOUTH-KOREA

Subtask on scintillator R&D for future calorimeter
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Garnet crystal fibres, Courtesy K. Lebbou, ILM, Lyon, France
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