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• The ECAL barrel with Crilin technology has been implemented in the 
Muon Collider simulation framework

• As for the other detectors, the implementation is done with the 
DD4HEP interface to Geant4

• It is longer than previous studies: from 40 mm length cell to 45 mm, to 
increase the number of X0 (from 18.8 to 21.5)

• 5 layers of 45 mm length, 10 X 10 mm2 cell area. Dodecahedra
geometry

• In each cell: 40 mm PbF2 + 3 mm SiPM + 1 mm electronics + 1 mm air
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The fraction of signal charge collected The amount of integrated BIB energy  

from Proto-0 test beam

BIB simulation in Crilin
Distribution of hit time  

Lorenzo has implemented these two effects in DDCaloDigi processor (for Crilin)

Ø Proto-1 electronics is faster à reduced decay time of ~10 ns

Ø Cherenkov light creates a visible BIB threshold to ~0.6 MeV deposit energies à
this effect must be introduced in the simulation, natural BIB mitigation is
expected

• The integration time has two main effects:



34/09/23 RD_Mucol - Crilin Status Report - September 2023

Following: results with 
integration time = 25 ns
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for theta = 1.57 '()*+*,-./0 ≃ 0 number of fake clusters per event
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!"#$%
&'() ≃ 60

!-./0/1&'() ≃ 0
W-Si: 40 layers, 2 MeV threshold in each cell 

• This plots don’t demonstrate that Crilin is better than W-Si: the message is thatwith a proper reconstruction
strategy we can mitigate the impact of the BIB, and obtain the target performance

• A more dedicated reconstruction strategy could be studied also with the W-Si
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• However Crilin is particularly suited for this mitigation strategy:
having thicker layers, the BIB energy is integrated in large volumes,
reducing the statistical fluctuations of the average energy

• Moreover Crilin has just 5 layers wrt to 40 layers of the W-Si
calorimeter, less readout channels and it costs a factor 10 less

• The same strategy is being applied to the jet reconstruction:
different energy range than >10 GeV photons

• Prospects: test Crilin as Endcap ECAL
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Prototype versions 
1. Proto-0 (2 crystals + 4 channels)
2. Proto-1 (3x3 crystals + 36 channels) x2 layers
2022 JINST 17 P09033

Test Beam @SPS CERN, August 2022 
• The BACK run time resolution is better, even

after correction, for both crystals.
• PbF2 outperforms PbWO4-UF despite its higher light

output (purely Cherenkov)
• PbF2 à !MT < 25 ps worst-case for Edep > 3 GeV
• PbWO4-UF à !MT < 45 ps worst-case for Edep > 3 GeV

Published: 
Frontiers in Physics

https://doi.org/10.3389/fphy.2023.1223183

https://iopscience.iop.org/article/10.1088/1748-0221/17/09/P09033
https://doi.org/10.3389/fphy.2023.1223183


• For PbF2: 
Ø after a TID > 35 Mrad no 

significant decrease in 
transmittance observed.

Ø Transmittance after neutron 
irradiation showed no 
deterioration 

• For PbWO4-UF:
Ø after a TID > 200 Mrad no 

significant decrease in 
transmittance observed.
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Crystal C2: PbF2
Longitudinal measure
1st measure after irradiation (<≈1 h)
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PbF2

PbWO
4

Radiation hardness of two PbF2 and 
PbWO4-UF crystals (10x10x40 mm3) 
checked for TID ( up to 100 Mrad @ 
Calliope, Enea Casaccia) and neutrons 
(14 MeV neutrons from Frascati 
Neutron Generator, Enea Frascati, up 
to 1013 n/cm2) 

8



• 350 mW / crystal thermal load

• Additively manufactured micro-channel heat exchanger for liquid 
coolant circulation

matrix cases made of ABS plastic

Locking plates

Seal

Hydraulic 
connectors
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• Design completed
• Production and QC completed SMD LEDs

SiPM array (1 crystal)

SiPM board 
Custom SiPM array board
36x 10 !m Hamamatsu SMD SiPMs

FEE/controller board
18x readout channels
Amplification, shaping and individual bias regulation 
Slow control (temperature, bias and current monitors)
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e- 450 MeV @BTF, July 2023 

Monte Carlo Front and Back Layer
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Threshold a 6 pC à 50 MeV

∼ 0.13 pC/MeV response (Teflon)
∼ 0.32 PE/MeV @ Vop +2  (Teflon)
∼ 0.25 PE/MEV @ Vop +2  (Mylar)
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e- 40 – 60 – 100 – 120 – 150 GeV 
@CERN, August 2023 

Super Cindy

Proto-1
Lead-Glass

• Beam reconstructed with 2 silicium strip 
telescopes

• Data acquisition with 2 CAEN V1742 
(32 ch each) modified @ 2 Vpp

• 5 Gs/s sampling rate
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• 2 fast PMT 9880U 

• 2 x 5x5x7 mm3 BC408 scintillators

• Optical alignment  

Reconstructed beam on 
Super Cindy

Reconstructed 
beam
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Proto1

Reconstructed 
beam

Reconstructed beam on 1st layer crystals

cm

cm
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Excellent channels equalization:

Ø Same SiPMs production lot 

Ø Cherenkov light and good production quality

120 GeV: crystals charges on 1st layer
Sipms right 
Sipms left

Sipms right [pC] 
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• Low pass filtering (Bessel 2nd order) cutoff_parallel ∼ 2 * cutoff_series

• Cut-off frequency based on two parameters: baseline RMS and risetime (10-90%)

• Wave quality flag based on baseline RMS, peak, and risetime to discard bad waves 

• Processing cuts: peak > 2 mV 
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MC 
120 GeV e-

1st layer

MC 
120 GeV e-

2nd layer
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Excellent agreement between data e MC
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Energy resolution is dominated by leakage

Ø Used 24 X0, ~2 MR, lead glass crystal + PMT to recover the longitudinal leakage

Ø We obtained about the lead glass measured energy resolution @ 120 GeV à Proto-1 apport is 

negligible à good indication for the future large-scale prototypes
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q Time Resolution @ 120 GeV is of O(20 ps) both in the series and in the parallel layers using the time 

SiPMs difference of the central crystals

q Studies on using the layer mean time are ongoing

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
 Q in [250,400] pC :: T1-T0 [ns]

0
5

10
15

20

25
30

35
40

45 Entries  524
Mean   0.1829
Std Dev    0.02006
Underflow       0
Overflow        0

 / ndf 2c  36.64 / 31
Prob   0.2235
Constant  2.02± 34.48 
Mean      0.0009± 0.1817 
Sigma     0.00073± 0.01888 

Series central 
crystal
1st layer

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
 Q in [1400,1850] pC :: T1-T0 [ns]

0

10

20

30

40

50

60
Entries  952
Mean   0.1246
Std Dev    0.02401
Underflow       0
Overflow       18

 / ndf 2c  41.54 / 40
Prob   0.4036
Constant  2.07± 50.38 
Mean      0.0008± 0.1251 
Sigma     0.00059± 0.02366 

Parallel central 
crystal

2nd layer



224/09/23 RD_Mucol - Crilin Status Report - September 2023

60 ps /E[GeV] ⊕ 8 ps

• Submitted and won a PRIN proposal for a 210
kEUR grant for the project CALORHINO: an
innovative radiation-hard calorimeter proposal
for a future Muon Collider Experiment.

• 120 kEur has been assigned to develop a 5x5
x4(layers) Crilin prototype.

• Submitted a DRD project to achieved a 3 MR
coverage

• Sharp increase in the number of people and FTE
already in 2024 + A. Saputi [Sez. di Ferrara] and
D. Tagnani [Sez. di Roma3] (mechanics and
electronics engineers)

Personale FTE

C. Cantone 0.2

A. Cemmi (Enea Casaccia) 0.25

F. Colao (Enea Frascati) 0.2

E. Diociaiuti 0.1

I. Di Sarcina 0.25

P. Gianotti 0.2

F. Happacher 0.1

R. Li Voti 0.3

I. Sarra (RL) 0.4

J. Scifo (Enea Casaccia) 0.25

R. Soleti (DIPC, Spagna) 0.5

A. Verna (Enea Casaccia) 0.25

Tot. 3.0 
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60 ps /E[GeV] ⊕ 8 ps

v Dei richiesti 138 keur sono stati assegnati 120k-2.5k(overhead INFN) = 117.5 keur
o Recupero dei 20 keur: singola lettura per canale: 200 à 100 chs

(7->4 digitizers, 450->300 SiPMs, 14->8 boards)
[ho però sbagliato il costo dei digitizer 7 keur/each->12 keur/each ]

Ø Richieste INFN 2024 – 2025 per:
- matrice di recupero leakage per copertura 2 RM à Richieste 2024 ~ 34keuro (sinergica a DRD6)

- 5o layer per arrivare a 20 X0 à Richieste 2025 ~ 25 keuro (in gran parte sinergica a DRD6)

beam

5x5 x5(layers) + 
external matrix

2.5 MR

PbF2
10x10x40

SF-57
25x25 x220 mm3

2 MR
1 MR

12
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2.5 MR

PbF2
10x10x40

SF-57
25x25 x220 mm3

2 MR
1 MR

Richieste – matrice di recupero kEur

Taglio e rilavorazione cristalli SF-57 Na62 8.5

10 PMT+partitori 10

Realizzazione Meccanica Matrice di recupero 2.5

power supply per i PMT --> CAEN R8033 13 (inventario)

Tot. 34

Richieste – 5x5 x5 layer kEur

Programmatore ARM ULINKPro 2.5

Metabolismo 3fte 5

Tot. 7.5

Le richieste sono sinergiche al progetto presentato al DRD6 task3:

Missioni kEur

Irraggiamento a Casaccia e FNG Proto-1 5.5 (SJ)

Responsabilità Sarra: Detector Coordinator per il calorimetro 3

Metabolismo 3fte 4

Test beam Crilin prototipi (pre-shower, SiPM irraggiati) 10 (SJ)

Tot. 7 + 15.5 (SJ)
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2 MR = 3.5/2.2 + 1.1/2.6
2.5 MR = 3.5/2.2 + 2.4/2.6

35x25 x220 mm3

PbF2
10x10x40

SF-57
25x25 x220 mm3

2 MR 1 MR

• 6 instituti (4 dell’INFN) à 7.2 fte @ 2024

• Proiezione @ 2025 – 2026 – 2027 à 9.5 fte

2.5 MR
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2 MR = 3.5/2.2 + 1.1/2.6
2.5 MR = 3.5/2.2 + 2.4/2.6

35x25 x220 mm3

PbF2
10x10x40

SF-57
25x25 x220 mm3

2 MR 1 MR

2.5 MR

Totale necessario per la realizzazione del progetto 230 keur

1) LNF

2) Padova

3) Torino

4) Trieste

5) HZDR

6) DIPC


