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GRAINITA concept

Shashlyk-type calorimeter GRAINITA
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WLS fiber

high-density transparent liquid (LST Fastfloat, p=2,8 g/cm3, n=1.548)

v' to optimize the overall density and compactness of the calorimeter
v to provide a better optical matching with the scintillator grains

scintillation grains with high density and Z



Scintillation grains

Possibility of the grains

obtaining by the flux
method

refractive index LT Amax
Hs
Z/nWO, SC =1 720 61 7.87 2.2-2.3 20* 490
CaWoO, SC =4 400 62 6.06 1.94 10* 430
Bi,Ge;0,,
=1 370 74 7.13 2.1 0.3 480
(BGO) SC

Yes ©

Yes ©

No ®

*The rather long decay time constant of ZnWO4 (20yps) is not an issue in the context of FCC e*e-

due to the Z, production rate (50 kHz) and the low occupancy of the detector
Scintillation grains provided by ISMA (Kharkiv, Ukraine)

T — Y - e

¥ ZnWO, |

=250 g (May 2023)
J

grown by the flux method

=350 g (May 2023)
Y mechanical crushing of the single crystal (SC)
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Structural and luminescence characterization
of ZnWO, and CaWO, grains

80.000

60.000
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Counts
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ZnWO,

Monoclinic (P2/c):
a=4.6925(1) A
b=5.7180 (1) A
c=4.9210 (2) A
B=90.611(3)°
V =132.03 (1) A3

ol }Ju JM [ JL

2Th Degrees

T 1E T N 1T TR TN TR SN TR T ITRRTAO T TRATRITAaTY
5 10 15 2 25 30 3% 40 4 5 55 60 65 70 75 8 8 %0 9%

Tetragonal 141/a (88):
a=5.2408 (6) A
c=11.3723 (9) A
V=312.36 A3

Cawo,

X-ray excited emission spectra of the grains
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Cawo, ZnWO,

Intensity, a.u.
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ZnWO, and CaWO, grains show the same
crystallographic structures and luminescence properties
as single crystals



Number of Counts

Number of Counts

Scintillation performance of the grains

Am?24! y-source (59.65 keV) - completely absorbed in 1 grain

eflon
Iape Iaerf)lé)n
Scintillation olate N Scintillation grains
P Silicon .
.......................................................................... N—==...«——Silicon
grease
grease
PMT R2083 PMT R2083
Hamamatsu Hamamatsu
‘ E_ano SC plate y2indt 1142726 éﬁnn E y2/ndf =721.6/25
20 ;— 4 3 Constant 608227 % C Constant  408.2=81
o 20x20x1 mm Mean 301213 g Mean 204804

= Sigma  37.55:1.17 2t Sigma  29.37 £ 0.40
= 400 —
50:— C

: wof- BGO SC plate
°E B 10x10x1 mm3
30 200
20% F

g 1o

10 C
%_ 100 50 200 25:!I = I3é0I = ISEEI = I4EE 4%0 %_I ! I‘DIEI 50 200 250 300 350 400 450 500
W [mv] W [mV]
3“5_ ZnWO, grains ¥2/ndf 3259729 25“ - 2 I ndf 5341721
a0~ ~20 204 1 3 Constant 190.7 +4.5 3 b Constant 3689+74

E X X1 mm Mean 293+ 0.9 %‘WE_— Mean 1748 +£05
e 3 Sigma  4482+0.83 = r Sigma 30705
00 a0~ .

g C BGO grains
e 200 ~20x20x1 mm3
oo C P —

505 100 =
%: 100 50 200 25:!I = IBéUI = ISéEI — I4J|:_E‘ ! I45:! 500

Digital oscilloscope: LeCroy WavePro 715Zi

Integrator circuit: TRC = 100 ps

3000 pulses, 50 000 points per pulse

0.02

Amplitude, V

-0.33

-2.50E-04 5.00E-05 3.50E-04 6.50E-04 9.50E-04 1.25€-03 1.55E-03 1.B5E-03

:Engggé_ CaWO, grains [z*/ndf 726133
: b r20x20x1 mm3| vean " a64% 10
% E_ Sigma 451 +0.85
%EI e IIZ!I = I“IIZ!I = IEJ[!:II = I25:!I o ISéE” ' I4IZ|!IZ!I = A‘EII'JI-L'_';_JD
i W imv)
Sample Mean, mV | Sigma, mV

ZnWOQ, grains 293.0 44.8

ZnWO, SC plate 301.2 37.5

BGO grains 174.8 30.7

BGO SC plate 204.7 29.3

CaWO, grains 326.4 48.7




Selection of the WLS fiber (Kuraray)
for registration of the scintillation light from the grains

1

0.8

Intensity, a.u.
o
(=]

©
s

0.2

() Emission spectra

of ZnWO,, CaWO,, and BGO
are similar under excitation by UV
or ionizing radiation/particles

Normalized absorption spectra of WLS fibers
and X-ray excited emission spectra of ZnWO,, BGO and CaWO,

BGO__ZnWO,

1cmxlcmx4cm quartz cell

UV LED 277 nm

-,

V)

“Front” view

ZnWO0,/BGO scintillation grains

1mm WLS fibers, 40 cm length

UV LED
e — e SiPM Amplifier — Wavecatcher
“Holder’made NSNS
of black plastic
“Side” view Charge registration
. — o
WLS fiber : Relative efflc-lency, % :
ZnWO, grains BGO grains CaWO, grains
Kuraray 0-2(300) 100 100 100
Kuraray 0-2(200) 103 100 103
Kuraray Y-11(200) 30 83 227

340

380

420

460

500
Wavelength, nm

540

660

02(200) is a good candidate
for ZnWO, as well as for BGO
CaWO, requires using of Y-11

We thank to Kuraray for providing different types of WLS fibers, supporting information and fruitful discussions!
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totype

-size pro

Future full-size GRAINITA demonstrator and small

FuII -size demonstrator
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i.e. the detector should entirely contain
a photon shower of at least 25 GeV.

576 WLS fibers, placed 7 mm apart from each other

(36 x 16 fibers bundle) coupled

to 36 large-area SiPMs

' totype

-size pro

Small

7 mm

o—o o o

e o o o
16 WLS fibers, coupled to 16 SiPMs
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Small-size-prototype for cosmic rays and beam tests: TROLL

16 WLS fibers placed in square geometry,
7 mm apart to each other

1 clear fiber upolished for 1cm
of length and connected to a green
LED for the light injection

Two pipes to insert the
«_liquid in the volume

{ F.ibers glued to the container

Volume sealed after the

grain insertions All the internal surfaces of the volume™

are covered with highly-reflective
material (VM2000)

Vertcal PMT | Two 2 cmx2 cm plastic scintillators
| connected to PMT’s = double
[ coincidence for cosmic rays triggering
PMMA light guide
Plastic scintillator TOp view
20x20 mm E Plastic scintillator
Cover for walerproof[:‘ H J e . /o 2x2 cm
box T Waterproof box 4
: Horizontal PMT d o o b

Plastic scintillator
20x20 mm



TROLLs' dynasty

I

TROLL-1 |
0-2(200) ‘{_ Vo
Il TROLL-2 ||
______ 02(300)

TROLL-3
Y-11(200)

TROLL-4
© 0-2(200)
Box: PMMA



GRAINITA small-size-prototype: tests with cosmic ray muons

What would we like to know?

* Check the feasibility of GRAINITA detector concept

*  Number of photo-electrons by MeV

Muons:

accelerator beam

v beamtime should be reserved in early
advance, not available for routine
tests ®

cosmic rays
v' free of charge ©
v' available 24/7 everywhere ©
v 1 event for 10-12 min (in the case
of the double coincidence we have) ®

Theoretical calculation of the flux of cosmic ray particles.

The most abundant particles are muons

Latitude: 42,35° N(GM = 54.037)

Altitode: 0 i A
Press. = 33 glcm
Temp. = 0FC

GMR = 1.7 GV

4%% Longitude: 268.95° E (GM = 357379

Particle energy  (MeV)
J.F. Ziegler, IBM J. Res. Develop., 40(3) (1996) 19-39
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GRAINITA cosmic rays tests - acquisition system

i

T e,
VA g e ’ ﬁ?}-l‘\"t\n"-r'#ﬂ'hv\'w“m.ﬂlw

WWWMW\M\M e

there are 16 WLS fibers read by 16 SiPMs coupled to 16
amplifiers on a card. The amplified pulse shape depends

on the output inductance, for small values, only the fast

part of the pulse is kept;

16 acquisition channels are connected to 16 channel
wavecatcher (with an external trigger: the signal from
the two PMTs R7899 => NIM discriminator =>
coincidence circuit);

since ZnWO, and CaWO, have long decay times (20 ps
and 10 us) , a special program has been implemented
allowing to count the number of the single photoelectron
pulse (N,p.) on a longer time scale 25 ps (ZnWQ,) or 12.5
us (CaWQ,);

using fast pulse shaping and counting the number of
pulses in an interval of time;

for tests of BGO grains with fast (300 ns) decay
constant, the inductance on each 16 amplifiers were
replaced by 50() resistance; the pulses for each SiPM
were integrated over 440 ns; the N, per SiPM was
calculated via dividing the registered charge by the
experimentally estimated charge of the single
photoelectron.

11



Cosmic rays tests: ZnWO, grains in different Trolls

ZnWO +air Troll1 . _ ZnWO +air Troli2

- -, s wz_ [FTa ) id
1'u Fe ] ] ﬂ]--:- mg.— ----- --:_-l- e
&0 i —
., Troll1 (Al) ©2(200) fibers JE Troll2 (Al) ©2(300) fibers
il — *'E— _

None=387 i Nohe=511
N sigma=58 JE sigma=81
o i - e u:

[T ;ﬁmn:ﬁm 7] [T] [T ) [T 130 [

Sum of | Echan sl

Troll4 (PMMA) ©2(200) fibers

3 Nphe=503
sigma=77

s 8 % H A BE B8 &4 B B
T L LLEEN LLLL

s

] 40 (o) El oAl LY = 10
B oF 1B Ohan el

Estimated light yield is 2400 phe per 40 MeV deposited by the muons in the test device,

i.e. 210000/GeV => statistical constant = 1% for 1 GeV high energy photon
12



Cosmic rays tests: ZnWO, grains with different liquids

Using of liquids (water, Heavy Liquid) serves to:

v' provide a better optical matching with the scintillator grains
v optimize the overall density and compactness of the calorimeter

—— Troll4 ZnWO,+H.d
—— Troll4 ZnWO,+HL
— Troll4 ZnW O, +air

0.1 Troll4

Transmittance spectra (d;,,;s=1 cm)

0.08 100 water

o~

00
o

heavy liquid
0.06 b

[=2]
o

P
o

Transmittance, %

0.04

[}
o

0
370 390 410 430 450 470 490 510 530 550 570 590 610 630 650 670 690

Wavelength, nm

I|[||II|I||I|II||I

0.02

1000 1200
Sum of 16 channels

v Adding of water as an optical medium increases the light amount by about 24% compare
to air;

v With Heavy Liquid the gain in the light amount is slightly lower, about 16% with respect
o air (can be explained by the absorption of the heavy liquid in the blue spectral
range). 13



Cosmic rays tests: CaWO, and BGO grains

CaWO,+air TROLL-3 _ [Eniries 543
1oF Mean 1027 = 14.44
= — StdDev  328.4+ 10.19
16—_Nphe_970 Underflow 18
FQ; — Qverflow 6
14:—S|gma 2 / ndf 104.8 /136
12 Width 36.75 £ 6.53
= MPV 970.7 +9.9
10— Area 4997 + 227.7
8 F GSigma 1229 +£106
6f— Le.t
4 f— 1.78
off
OMHHH.H L0 [
0 500
CaWO,+water TROLL-3 i 20
B Mean 1105+ 17.65
C Std Dev 476 + 12.48
A Underflow 75
Overflow 18
oo l— ¥2 / ndf 134 /136
N Width 3824 +874
MPV 1161£12.7
5 — Area 6567 £284.7
Nphe_1161 GSigma 172 +11.7
0-Sigma=172 1
5 :— mr
0i].I]J]LI:LI]J]ﬂI]I]II'I.I]I]I "I. L i | I Ol
0 500 1000 1500 2000 2500

BGO"'alr TROLL'Z 12 Tndr 13.04 42
_ Width 11.66 £1.80
a0 MPY 2501133
- Area 8817 T451.8
£ GSigma 38.3113.38
50
wf-
of-
of Nphe=259
- Sigma=38
1I:I_—
uEL'""" NI = B R
200 400 ] 800 1000 1200
Sum of 8 channels
BGO+water TROLL-2 _
J Fina 39,42 42
C Wi 1054 £ 1.62
MPY 2880228
Aen 1.609a+04 = 50048402
GEigma 43.08 £ 2.80
Nphe=287
Sigma=43
g 200 400 B0 — iHIII — n1l'.'lll2lill I I12l2ll'.'|

Sum of 8 channels

v' The "light yield" for CaWO, grains is about 1.8 times higher compare fo ZnWO, grains
v" For BGO grains the N, is about 2 times lower in comparison with ZnWO, grains
v Adding of water as an optical medium increases the light amount
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ZnWQO, grains: muon beam tests

H1 area of the SPS, CERN, June 2024
~ 0.2 million of high-quality muons passing through TROLL

Mean N, detected by the TROLL
as a function of the incoming muon ZnWO,+Heavy Liquid TROLL-1

Enkas 89208

particle position
4000 — . Waan 4741 o 0 A4EE

§ f

g 8 § §

g
8
g
g
g

100 : Std Dev 1394 503157
3500 = U reckerflcm 1
L0 1000 2 Overtiow o
- o ndl 2880404 ] 126
900 3 Width 1987+ 0.23
0.5 : Wy 0604
800 Area  R1040405 & 3.0400403
3 GSigma BA 52 + 042
00 700 1800 - ; '
600 1000 |- Nphe=411
0 w00 ) _ sigma=67
__ __....."‘luH P B ﬁé‘ﬂ Lt M‘r‘!'\r—l—v——l——;
-1.0 400 NF he
300
-1.0 0.5 0.0 0.5 1.0
X

The light confinement is confirmed
The obtained light yield is = 10 000 phe/GeV in a good agreement with previous studies

The preliminary results are quite encouraging and indicate that the statistical
contribution to the energy resolution of the order of 1-2%/VE is achievable

Obtained non-uniformity maps were inputted info a GEANT-4 simulations of the

calorimeter concept. The constant term from non-uniformity < 1% can be expected

(limitations due to the prototype size). The full-size prototype tests are needed for

precise values 15



GRAINITA as an dual redout calorimeter: is it possible?

Idea: using of the Pulse Shape Discrimination (PSD) technique
to separate the electromagnetic part from the hadronic part of the shower

Clear discrimination between a-particles

and y-rays

Amplitude (arb. units)

Simulation

N,he induced by an incident 10 GeV charged
pion as a function of their detection time

% 700D = — T T
= C Decay constants, pis
e n(A) [m(A) |7 (As) —3— Toy data
- E 0.7(2%) | 7.5 (9%) |25.9 (89%) | —— Total fit
E 5000 = 0.7 (4%) | 5.6 (16%) | 24.8 (80%) | ______ HAD
o002 EM
s = O] L 034

3000 Assumption:
dE/dx for low-energy protons are

2000 = similar to dE/dx for a-particles
1000
0 25 50 75 100 DE ) ey T —
Time (us) 20 40 60 30 100
Type of irradiation Decay constants, jis Time [us]
n(A) | n(As) |7 (As) Distribution of the N, (normalized) as a function of the fitted
4 Tay 0.7 (2%) | 7.5 (9%) | 25.9 (39%) fraction of electromagnetic energy
o particles 0.7 (4%) | 5.6 (16%) | 24.8 (30%) fe V& N
F.A. Danevich et al., NIM A 544 (2005) 553-564 ¥ 13 e
ool ___-;.':'F.E'.‘“'
MISSING: actual scintillation times
for the particles with different dE/dx f

%T......... Ll
5 06 0.7 0.8 0.9 1
o 16



Search for experimental proofs for PSD possibility

B-rays, Sr¥0-Y%0 source

Fast wave catcher CHI2n fit

2 015 x\ Sample rate 0.4 GS/s

&

C

£

§ 010 ——
T C =0.98833

o 1) A=0.0719 V; T=25978.51 ns

[1v]

& 0.05 1 2) A=0.0419 V; T=6500.17 ns exp} + exp; == e"pg + expd
E 3) A=0.0490 V; T=870.01 ns — expl + expZ + exp

4) A=0.0537 V; T=97.98 ns —— expl + exp2
0.00 .
w 0.002 = Py -
© -r T A jﬁ . ] £ e .
= W, iRt A, s A g L as A A .
S 0000 -y T ME et ol AR - Fn AR g -
& b OV A e ?
T T T T T
0 500 1000 1500 2000
time [ns]

Preliminary results:
3 decay constants+additional “fast” one (not reported in the literature) have been found

First measurements performed on May 26, 2025 © => data processing is ongoing...

Residuals

Averaged readings [V]
S © © ©o o
o o o = =
- [=}] @ [=] N

o
o
~

0.00

Slow wave catcher CHI2n fit

— expl + exp2 + exp3
— expl + exp2
— expl

Sample rate 10 MS/s

C =0.98833
1) A=0.0719 V; t=25978.51 ns
2) A=0.0419 V; T=6500.17 ns

0.002 A
0.000

—0.002 A

.:.:E:.- - . "-.- 32,0
1ot G R A
-:E:‘FH" ’
T

T T T T
40000 60000 80000 100000

time [ns]

T
0 20000

~20 MeV and ~10 MeV protons, ALTO proton beam
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Summary

v The feasibility of the GRAINITA detector concept has been proved:

for ZnWO, grains N, ~ 10 000/GeV: statistical fluctuation of 1-2%/VE is
at reach; estimated constant term from non-uniformity is < 1%

v The idea of using the PDS technique for dual redout calorimeter
seems to be perspective and should be checked

v' CaWO, grains can be regarded as the 2nd candidate for the future
detector, the studies are ongoing

To be continued ©...
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Thank you for attention!

Aakyro 3a yearyl!
Merci pour votre attention!
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