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The grains, the fibres, the liquid, the first proto(s)
Results from the cosmic test bench
Results from the test beam

About Pulse Shape Discrimination
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The grains, the fibres, the liquid, the first proto(s)

Typical sampling calorimeters: Crystal calorimeters :
or 10%—15% o 1%—2%

E VE \ E. VB
Shashlyk-type calorimeter /

Requirements:

* fine sampling

* scintillation light locally contained

\ ! Main components :
* Scintillating grains

GRAINITA . WLS fibers
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InWQO, has been identified as a promising candidate

BGO ZnWQOy,
Effective Z 74 61
Density (g/cm?) 7.13 7.87
Refractive index 2.15 20-23
Light yield (photons/MeV) ~ 9000 | ~ 9000
Peak emission wavelength (nm) | 480 480
Decay time (us) 0.3 20
Radiation length (cm) 1.12 1.20
Moli¢re radius (cm) 2.26 1.98

Scintillation decay time ok for FCC-ee
(~50 kHz at the Z pole).

ISMA: dedicated R&D to produce ZnWQO4 grains with the flux
method (cost effective). Production technique mastered.

~ 1 kg of high-quality ZnWQO, grains produced
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Absorption spectra for Y-11, O-2 and R-3 fibers from Kuraray
and emission spectra for BGO and ZnWO. Temx1cmx4cm quartz cell

ZnWO, 0-2 R-3 UV LED
/ ZnWOQ,/BGO scintillation grains
%)

1 Y-11 BGO

1mm WLS fiber, 40 cm length
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“Holder” made SiPM — Amplifier — Wavecatcher

of black plastic

o
'S

“Front” view “Side” view Charge registratior

spectra for ZnWO, and BGO, a.u.

Normalised absorption spectra for WLS fibers and emission
o
)

350 400 450 500 550 600 650
Wavelength, nm

Relative efficiency (%)

Fiber type | ZnWO, grains | BGO grains
(~ 9 mm) (~ 9 mm)
0-3(300) | 100 100
0-2(200) | 104 104 preferred choice
Y-11(200) | 44 98
R-3(100) | 60 n.a. 5




Small (2 x 2 x 5.5 cm?®) prototype filled with ZnWO, grains and 16 WLS fibers read out by SiPM
and a Wave-Catcher
Depolished fiber in the center to allow for green light injection

Grains =2 need high-density liquid to fill the gaps in between grains to increase the density of the
module.

* Preliminary qualifications: air, water and ethylene glycol (EGL)
* A good candidate identified for real life

N

LST FastFloat
* density ~ 2.85 g/cm’
* refractive index ~ 1.5
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Results from the cosmic test bﬁnfh
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1. Lightis confined

2. Most Probable value (fit by Landau) : ~400
about 40 MeV deposited by cosmics muons in the small

profotype
= ~ 10 000 photo-electrons/GeV

_ : 1-2%
= opens the road to a a statistical fluctuation of NG

due to photon statistics
More to study: mirror ends on fibres, ‘real’ heavy
liquid ... ,



https://iopscience.iop.org/article/10.1088/1748-0221/19/04/P04008

Results from the beam test

We got the possibility of two days of test beam in the shadow of LHCb
PicoCal tests in June 2024

SPS beam at H2 : muons and pions (about only ~5% of the pions are
supposed to interact in our (small) prototype).

Objective: investigate the uniformity
response (constant term in the
energy resolution)

Many thanks to Yuri Guz
Loris Martinazzoli and Matteo Salomoni
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We have recorded in 48h ~millions of muon_and pion triggers in two configurations : ZnWO , grains immersed in
water or in HL GRAINITA

Beam

GRAINITA
* ftriggered by the drift chamber + scintillators
* read-out by a 16-channels wave catcher with software adapted to count the number of photo-electrons in a 25 us
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~ 0.2 million of high-quality muons passing through GRAINITA resolution ~ 260 um
~ 3.8 millions of high-quality pions passing through GRAINITA

Muon beam

] Swowness 183 200208 (x,y) map for all tracks weighted by the response
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* the light confinement
* the 1-2% stochastic term
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Test of the uniformity

Scan the GRAINITA surface by steps of 1Tmm with pion samples
(larger statistics samples due to beam configuration)

Quantify the non-uniformities (on average less than 10%) and input
those to ZnWQO  simulations

©Britannica Dictionnary

*Difficulties:
*with such a small prototype, the handling of the border effects is intricate to
mitigate.
*use of pions

*data-taking issues (liquid leakages + electronics configuration problems
etc... )
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Pion fit :
Landau@Gaussian (parameters from

Muon Fit:

Landau@Gaussian

Muon, but MPV) + Asym-CB (mean and

2 soof mi= 5586+ 11 sigma related to Landau @Gaussian)
- sg= 58.4+1.
g 7001 sl = 31.49+0.81
e C
600 =
s e alphal = -0.1344 + 0.
500 S 0 fsig = 0.8034 +0.004
s §1000~ ml = 563.53 +0.83
o w B
400 nL= 10.0+9.3
300:_ 800_—
200 600
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C 4001
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Use one fiber to test and apply blindly to the 15 others !
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Test beam results
Simulation

Simulation of a full-size prototype (17 x 17 x 40 cm?) with a
mixture of ZnWQO , (no grains) and sodium polytungstate

25GeVy =

‘ - For e/y shower the response with this non-uniformity

averaged over the shower size contributes to a resolution
constant term smaller than 1%

Publication is on the way 13



About Pulse Shape Discrimination

InWO: clear difference between ¥y and a ()

z
5
Type of irradiation Decay constants, us ;z
T (Al) T2 (AQ) T3 (A3) E
7 ray 0.7 (2%) | 7.5 (9%) | 25.9 (89%)
a particles 0.7 (4%) | 5.6 (16%) | 24.8 (80%)
0 25 50 75 l(;O
Time (us)

Can it be used to separate electromagnetic and hadronic components in a hadron shower ¢ (as

Cerenkov vs scintillation do).
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https://arxiv.org/pdf/nucl-ex/0409014.pdf

First step : large volume filled with ZnWQ,, check the existence of a correlation between total deposited energy
and the energy deposited by low-momenta high dE/dx particles in the shower.
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Second step O use of the time. Decay constants, s

In Geant4 prepare a simplified optical model: n (A |7 (A) 7’.3 (A3)
electromagnetic 0.7 (2%) | 7.5 (9%) | 25.9 (89%)
all hadrons 0.7 (4%) | 5.6 (16%) | 24.8 (80%)

Sample a number of photoelectrons according to the measured one (10000 phe /GeV)
Fit the electromagnetic fraction from the overall time distribution of these photoelectrons
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Conclusion

* Firstidea in 2019

* Small prototypes with ZnWO4 grains, produced by ISMA, studied in
dedicated test benches at Orsay and Clermont as well as in test beams at

SPS.
e Choice of the better matched WLS fibers
1-2%

* NPhe ~ 10k/GeV : statistical fluctuation of N reach (cosmic

JINST 19 PO4008

muons + test beam data)
* constant term from non-uniformity likely < 1% (limitations due to the

prototype size) Publication: WIP
* Studies on-going on other crystals (CaWQO,, ...) and heavy liquid.

* Continuing the investigation of PSD : use proton at ALTO (10 MeV - 20 6‘
MeV) to feed the simulation.
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https://iopscience.iop.org/article/10.1088/1748-0221/19/04/P04008

Backup slides



Principle of the method (LHCb calorimeter)

Beam Test Results of the LHCb
Electromagnetic Calorimeter

Scan in two regions

LO O O O |

I I
© 0 O O

Grey = simulation

~0.8% constant term for LHCb
calorimeter
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09) 15 10 5 0 5 10 15 20
X. mm
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http://cds.cern.ch/record/1103500
http://cds.cern.ch/record/1103500

s this shape universal enough ¢
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seems

‘Blind’ application to
the 15 other fibers

promising !
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