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nzz Beam Induced Background in ECAL &

buncl crocaing " FCAL barrel by one BIS « Expected BIB on the ECAL barrel ~300 y/cm? /event with E~1.7 MeV.
%m:— 5 « BIB can be handled using information from energy releases in the
e [ 3 ECAL.
?  BIB produces most of the hits in the first few layers of the calorimeter
Ry while prompt muons produce a constant density of hits after the first
S F calorimeter layers.
« Since BIB hits are out-of-time wrt the bunch crossing, a
e L measurement of the hit time performed cell-by-cell can be used to

o e b v b b b 1 P ATRRTI I TR
T remove most of the BIB.
Energy released in ECAL barrel by uniformly

distributed prompt muons in the (6,¢) space
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mzz The Crilin calorimeter

 The goal is to build a crystals calorimeter that is fast,
relatively cheap, with high granularity (both transversal
and longitudinal), and radiation hard - optimized for
muon collider characteristics.
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Muon Collider

jet reconstruction efficiency

0.85 E{Tﬁlgtion —I— W-Si
« Crilin is a semi-homogeneous electromagnetic 08 —t— Crilin
calorimeter made of Lead Fluoride Crystals (PbF)) o(.)75
matrices where each crystal is readout by 2 series of 2 7 | | | .
UV-extended surface mount SiPMs. 065 50 100 EE—)
rue jetp _[Ge
* It represents a valid and cheaper alternative to the g O05E T3
W-Si ECAL barrel. g 0(-)4? - —+ w-si E
@] a4 -
: : a F 4+ Crili E
« Two prototype versions built and tested up to now: 8H0-355—+ 4+ ~t Crilin +—
Proto-0 and Proto-1. o 002;" Saats 28 + E
L 025F gt + =
02F ' l+.:¢:i++ + =
0.15E Muon Collider g _+_ ++ E
' § Simulation §
0'15_ hl<1.0 3
\ 0.05 - 5
0 E 1 P IR B M
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miz Radiation hardness: Crystals ‘

Neutron fluence:~101 n1MeVeq/cm year on ECAL TID ~ 100 krad/year on ECAL.

Radiation hardness of two PbFpand & =1 oy, - R
PbWO4_UF CrySta|S (1 OX1 0X40 mm3) g e TS SR E — non-irradiated
— 1kG
checked for TID (up to 1 MGy @ g o —a g — 1oy
Calliope, Enea Casaccia) and neutrons & — ooy g 1
alliope, £nea asaccna) ana neutrons z 361 kGy ® ] — 515 kGy
. = 40— = 40— — 763 kGy
(14 MeV neutrons from Frascati Crystal C1: PbE, j{ som i
1 Longitudinal measure
Neutrgn Genzerator, Enea Frascati, up s ot areabirs Ay RadaR RS o } e —
to 1073 n/cm?) [ SR aaston 30
* For PbF2: 0 T T T T e I - T 1 T
200 300 400 500 600 200 300 400 500 600
> after a TID > 350 kGy no significant Wavelength [nm] Wavelength [nm]
decrease in transmittance observed. 10— - ;
» Transmittance after neutron 8
. DL . . - 80|
irradiation showed no deterioration - Crystal 5 PbF, PWO-UF é i
: : Density [g/cm”’] 7.77 8.27 £ : f ’ ; ' ;
possible natural annealing ensity @ 60| e
-  For PbWO.-UF: Moli¢re radius [cm] 2.2 2.0 S i ; -
4=t Decay constant [ns] - 0.64 )| e o 93 e et g
i Refractive index at 450 nm 1.8 2.2 [ 5 - | — Before n irradiation
» after a TID ~2 MGy no significant Manufacturer SICCAS  Crytur :
decrease in transmittance observed. e After n irradiation
o:—w _
_ - _ 350 300 350 400 450" 500 '5'56' 500 850" 700
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Neutrons irradiation:

Radiation hardness: SiPMs

15 um pixel-size

. ‘ T [OC] I Vbl‘ [V] l I(Vbr+4V) [mA] I I(Vbr+6V) [mA] l I(Vbr+8V) [mA] ‘
14 MeV neutrons with a total fluence “10+1 | 75294001 | 1256 +0.01 30.45 = 0.01 46.76 = 0.01
of 104 n/cm? (@FNG) for 80 hourson | —5+1 | 75.81+£0.01 14.89 + 0.01 32.12 £ 0.01 46.77 £ 0.01
a series of two SiPMs (10 and 15 um 0+1 |76.27+001| 17.38=+0.01 33.93 4+ 0.01 47.47 4 0.01
pixel-size). Extrapolated from |-V 10 um pixel-size
curves at 3 different temperatures:
« Currents at differentg erational L TICl | Vor [V] [I(Virt4V) [mA] [ I(Vir+6V) [mA] | I(Vir£8V) [mA]
P —10+1 | 76.76 £ 0.01 1.84 £ 0.01 6.82 % 0.01 29.91 + 0.01
voltages. —5+1 | 77.2340.01 2.53 4 0.01 9.66 + 0.01 37.51 4 0.01
+  Breakdown voltages; 01 |77.4940.01 2.99 4 0.01 11.59 + 0.01 38.48 + 0.01
For the expected radiation level, the _ SiPM with bias
best SiPMs choice are the 10 um 5. .= oo ST oo wmn 10 kGy dose
one for its minor dark current o 0 wmsonm L wesome

0.03F p1  0.00385 + 0.0009175

Contrlbutlon 0025_ P2 0.001358 +0.00186

p3
0.01f-

Pl 0.1108 £ 0.001327
1:— P2 0.003006 + 0.0002651
£ p3 1475+1.19

SiPM w/o bias

tge_IV_black_post_1

0.5621 +0.7538 tge_IV_black_preOK

w.> 0.5~ o7 S
h: R g éoo(-: indf 002232719 2 X* { ndf 22.83/19 :
e R s g TR e T : Nt ‘ . 35 Prob 0.2449 .
TID. 2 % 8 40 a2 M4 g 2 3% 340 @2 M uab 00g p0 27,89 4 0.4486 p0 38.25 + 0.02017
" 0.04 pl  0.00408 £ 0.001215 2. p1 0.1598 + 0.00146
. oy ’ P2 0.0009381 £ 0.000398 P2 0.002618 £ 0.0001755
no significant amount of dark current % R e e st
. 0.02
up to 10 kGy (@Calliope).
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p Test beam campaigns: Proto-0 %

—_ 50
(72} : :
&s :Z i rc—:[zp;]@11ps |+ CERN SPS-H2-> 120 GeV e~ beam on a single crystal prototype
© 3 E ) ) ) .
as [ i+ Cherenkov systematics in the light propagation> FRONT and BACK
: 50 5 : - :
a0 |- P E[G_:;] ®7ps orientation tried
: T 1 = The BACK run time resolution is better for both crystals.
I """" e { * PbF, outperforms PbWO,-UF despite its higher light output (purely
0F ppp, e g Cherenkov)
5 b o PbF, 2 oy < 25 ps worst-case for Egep > 3 GeV
Ewp[GeV]  * PbWO,4-UF = oyt < 45 ps worst-case for Egep > 3 GeV
—_— S0 T T T T T T T T T T T T
(] r E
& 45F 3 PbF,
., 102 3
°E 40 — ; OMT, FC = E'[G_ezz;]g @ 56 ps 3 “Front” mode back-run front-run
- e ] peam Egep MPV [GeV] 426 +0.01 4.81 +0.03
35 Sl . e Eg4ep sigma [GeV] 1.35+0.01 1.46 +0.02
#5:E R S S S ; _ pC/MeV <293 ~35.6
P, 76 ps ] Orvat ISlPMs NPE/MeV ~0.26 ~0.30
25 | = E rysta
B Sy OMTB T Ger] O 1P o
:2 3 T " “Back” mode backrun _ front-run
2 - E eam Eg4ep MPV [GeV] 639 +0.01 6.88 +0.01
B i = . "

Egep sigma [GeV] 1.83 +0.01 1.99 +0.01
pC/MeV ~66.7 ~76.9
NPE/MeV ~0.58 ~0.67

3 4 5 6 7 8 9 10
Published: Egep [GeV]

Frontiers in Physics, https://doi.org/10.3389/fphy.2023.1223183
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rzz Proto-1: Mechanics and Electronics
Mechanics:

« Two stackable and interchangeable submodules assembled by bolting, each composed of 3x3
crystals+36 SiPMs (2 channel per crystal)

« light-tight case which also embeds the front-end electronic boards and the heat exchanger needed to
cool down the SiPMs.

20t
N

. matrix cases made of ABS plastic
Hydraulic P

connectors

Seal

Locking plates

Electronics:

» SiPMs board: custom SiPM array board
36x10 ym Hamamatsu SMD SiPMs

 Mezzanine board: 18x readout channels -
amplification, shaping and individual bias
regulation, slow control routines
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rszz Test beam campaigns: Proto-1 BTF %

100 GeV
Aim:

» Test CRILIN performances at low
energies

« Study different wrappings and
configurations

» First raw estimation of the energy
resolution

Beam: 450 MeV electrons in single
particle mode

Proto-1:
 PbF,crystals - wrappings: Mylar
and Teflon

* Readout: 10 um pixel-size SiPMs,
one layer with series connection,
the other with parallel connection

z [;ﬁmj
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rzzz Light output and timing - BTF %

Light Yield: Timing:

« ~ 0.13 pC/MeV response > Teflon * Time resolution of the central crystal for 15 energy slices fitted
with: g, = = 69 b

- ~ 0.32 PE/MeV @ V,, +2V-> Teflon £

* Two wrapplngs compared - Teflon outperforms Mylar, higher
« ~ 0.25 PE/MEV @ V,, +2V-> Mylar amount of charge collected.

» Results are encouraging if we consider the very low light output

Submitted as article to IEEE

|||||w = L BB B B FEET TS PE T T x moT o e i T T | L S B

e Entries 66 _: E' 0022 :_ %2/ ndf 13.14 /12 ; s 025: x2 / ndf 21.61/12 .

1200 Mean oo 4 E 3 6.1ns 3 s E 8.1ns 2

00 SidDev 5441 7 © 812; O Mylar E[MeV] @ 0.04ns 3 © 0 2:* OTeflon E[MeV] @ 0.03ns

Underflow 0 hd 3N 3 g ]

800 Overflow 0 . 0'14:— ¢ . = 0 15; ]

] 012 % - AN ]

600 = 0.1F N - - b B

0 1 0.08- N = 01¢ B .

- MC_btf450MeV E 006;— ..... g, — e st ._; . .‘ ___________________ 5

200 - 0-04 E = 0.05 T i R S =
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Test beam campaigns: Proto-1 H2

CERN SPS-H2-> energy scan with electrons
from 40 GeV to 150 GeV

Aim: evaluation of energy and time resolution

Beam reconstructed with 2 silicon strip
telescopes

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

5 Gs/s sampling rate

‘ =0
! \\\\\\

EERAEN
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SETUP SCHEME WITH DISTANCES

IFRICE

1548 m

Di Meco

0.12m

Cindy 1 Cindy 2 CRILIN

0.71m 0.03m 0.09m

0.15m

\ Lead Glass

Lead Glass

Desy Table
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rezz Data-MG agreement %

e MC £ Data E Geant-4 simulation of the prototype with a 120
60— 120 GeV e- - 120 GeV e ] _
wf- 1st layer E 1st layer E e beam
= E Energy deposit simulated:
00_ 110 ZIO ® % IavieOene[GeVﬁ ® 3 Iayeroseonergy [GeVs]o ° In the tWO Iayers
. . - . * In the whole prototype
a3 ER | Excellent agreement between data and MC
- 3 i3 1 for all configurations
3 o - v '

60

e E 70 g

50?— MC —f eof— Data é

C 120 GeV e- F 120CeVe 7

40F Total Energy 50 Total Energy 1

: on Protol ] 40 on Protol  J

30 - F 3

- 30 3

20— = - 3

- 2F E

10:— - 10i _i

4 : % 80100120 % 80100
- bt Edep [GeV] Edep [GeV]
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Energy resolution is dominated by leakage:
« A24 X, ~2 Mg, lead glass crystal + PMT is used as tail catcher to recover the longitudinal leakage
* The energy resolution @ 120 GeV including the leadglass contribution—> Proto-1 apport is

negligible, this is a good indication for the future large-scale prototypes.

N
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ELeadGlass [GCV]
o
o
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o
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EProto-l [GeV]

Calorimeter R&D:

Proto-1 + Lead Glass

I | T T T T T
L Entries 1272 4
100 - Mean -8619
i Std Dev 1.748 T
- Underflow 14 i
80 Overflow 0 -
i x2 / ndf 44,35/ 40 7
L Prob 0.2934 ]
60 Constant 90.63 + 3.37 _
5 Mean -8.556 = 0.047 .
i Sigma 1.604 = 0.038 ]
40 I~ o = 18% @ 120 GeV
20 - _
0 1 T L L 1 1 1 L l 1 1 | 1 1 1 1 | 1 1 1 1
-20 -15 -10 -5 _ 0 _ ) .- .10

Crilin- E. Di Meco

EProto-l + EleadGlass - Ebeam [GCV]
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mazee TimMe resolution %

« Time Resolution @ 120 GeV is of O(20 ps) both in the series and in the parallel layers using the
two channels time difference for the central crystals.

« Studies on using the layer mean time are still ongoing

 For TLAYER1 - TLAYERO o(AT) ~ 40 ps mainly dominated by synchronisation jitter estimated to

be O(32ps)
LI LI L | LI LI I L L I LI | LI l_‘
500 htemp_700 ]
r Entries 13000 .
T T e R | Sl [T T Tl [H M) Tk SRl Bt 1 S RS SR REES R R R SRR B i Mean 0.01678 |
45 ;_ : Entries 524 E Entries 952 L Std D o0oa2 |
ESeries central Mean o182 1 60 Mean otzes o 200 . s -
40F  crystal Std Dev 002006 - 2 Std Dev 002401 7 - -
35 E st layer Underflow 0 50 Underflow 0 i 02verflow 105 i
- Overflow 0 3 H Overflow 18 . 300 %2/ ndf 2339/144 |
30F %2/ ndf 36.64/31 B %2/ ndf 4154/40 7 = Prob 3.142e-06 |
= Prob 02235 S 40— Prob 0.4036 — r Constant 4613:52 |
25 Constant 3448202 I - Constant 50.38 + 2.07 . r . .
- Mean 0.18170.0009 - - Mean 0125120008 3§ ool :'f’a“ 001187000089
20 Sigma 0.01888 = 0.00073  — 30 2 Sigma 0.02366 = 0.00059 i igma  0.04312+0.00029 "]
151 ERE ’ Parallel central crystal i TLAYER1 - TLAYERO |
10E = - 2" |ayer 1 100 .
E H 10— — L _
S = - ] L i
0— ““““ - I""ll L PR S = 0_"" T A A L) RS R L | PP S g5 %P I I i
0 005 01 015 0.2 025 03 035 0.4 045 0.t 0 005 0.1 015 0.2 025 0.3 035 0.4 045 0.5 0V2-001 0 01 02 03 04 05 0.6
Qin [250,400] pC :: T1-TO [ns] Qin [1400,1850] pC :: T1-TO [ns] T oot Tiavo [NS]
av av
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mzz Next steps

 Test beam at BTF within a short time from irradiation at Enea Casaccia

« 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.

« 120kEur has been assigned to develop a 5x5x4(layers) Crilin prototype.
« Submitted a DRD project to achieved a 2.5 Mg coverage
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