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The ALICE Collaboration has submitted the proposal for a next-generation heavy-ion

experiment, ALICE 3, to be installed at the LHC during the LS4 (2034-35)

Outer Tracker

Inner Tracker

New, compact, low-mass,
experimental apparatus totally
based on the most advanced
silicon technologies

A ’ Letter of Intent: https:/arxiv.org/abs/2211.02491
RICH y Scoping Document: https.//cds.cern.ch/record/2925455
ECal
Magnet ﬁ}

Absorb 4 N ' - - .
sorber I » New exciting opportunities for the study of:
|

FCT / 4+ Multi-charm hadrons at low momenta:
a next generation Crucial test for models for baryon production models
A LI C E 3 heavy-ion experiment L . .
4+ EM radiation produced in the first
| 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | | 2036 - 2041 evolution phases of Quark
' | | | ] > Gluon Plasma (QGP)
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The ALICE Collaboration has submii

experiment, ALICE 3, to be | T|me-0f-F|I9ht System (TOF)

- innerTOF  R=19cm .
» outer TOF  R=85cm Separation o L

» forward TOF z=~375cm Power Oror

Outer Tracker

Inner Tracker

Requirements:

. inner TOF: NIEL ~6.1:10'2 1-MeV ng, /cm?
Moderate rad. J ;o TOF: NIEL ~ 910" 1-MeV nq fom?

- hardness | forward TOF: NIEL ~8.5-1012 1-MeV n, /cm?

ECal
Magnet
Absorber

Muon identification

FCT
a next generation
A L' c E 3 heavy-ion experim
2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 203 )
_—— LGADs, SiPMs, CMOS-LGADs

LHC LS3 LHC Run 4

* Low material budget ~1-3% Xg

. . Ll e/ < 500 MeV/c
* | Time resolution | /n’<25Gevic

p/K < 4 GeV/c

Extensive R&D on the most
advanced silicon technologies:
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https://arxiv.org/abs/2211.02491
https://arxiv.org/abs/2211.02491

Standard PIN Electric field

Internal low-gain
multiplication

b epi-layer o epilayer . Drift region: low and uniform electric field mechanism

' mgggnrrﬂ -1 State-of-the-art LGAD
unir, (35-50 um-thick)

Optimized to obtain: low, unirr, L1
> ~30 ps

» Fast signal (dV/dt)
* Improved S/N

low, unirr, L2

med, 3e14 -6°C, L1

med, 3e14 -6°C, L2

med, 3e14 -20°C, <L1,2>

med, 1e15-15°C, L1
----¢---- med, 1e15-15°C, L2

low = doping of 1.8x1013 cm-2
Medium = doping of 1.8x10'3 cm-2

Already used or
envisioned for detector
upgrades at the HL-
LHC (e.g. ATLAS and
CMS) for 2026

=) Excellent
timing
performance
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Garfield++ Simulations

ALICE 3 TOF detector
needs an even better
time resolution

> 20 ps

Time resolution (ps)
wW
o

N
o

Garfield++ simulation
Gain =20 Noise not considered

0 10 20 30 40 50 60
CFD (%)

- Potential of a thinner layout of LGAD

Sofia Strazzi
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amplitude

i

25uym 25pym  35pm 50 um
FBK FBK 3K HPK
\_Ox1mms)  (1xt mm3) (1t mm?)  (1x3 mm?)

TRTRTal Illlhllll 7L T |I|I|||II|I|II

Sensors attached to

a Santacruz V1.4-
DIGITAL OSCILLOSCOPE SCIPP-08/18 front-end

READOUT s ) "W PE  board aligned back-

- Signal waveforms acquired ;\“-“?“’3 el ——— to-back to the beam
—> Digitalization at the analysis level . : ' b

Seven beam test
campaigns (2021-2024)
with a hadron beam of
0~10-12 GeV/c

€

ALICE
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First 15, 20, 25 and 35 um thick FBK
LGADs were tested in a beam test

https://link.springer.com/article/10.1140/epjp/s13360-022-03619-1

. (

115 um 20 um (CFD=60%)

bt optimized  © 25 um (CFD=50%)
; <
(

{ e 15 um (CFD=60%)
S/N

front-en

electronics ¢ 35 um (CFD=30%)
i} ¢ 50 um (CFD=30%)

35
33 20 um
®25 um
®35 um
29 | @50 pm

Time Resolution (ps)

25 um k % 50 um - standard 31

*, “
N §\ ;

~§
iy iié. 35 um
. ;
S 412 27

https://doi.org/10.1016/j.nima.2024.169893 25

70 100 130 160 190 220 250 23
V (V)
21

50 um in line with the expectations 19
> Validation of setup and analysis procedure Better

17 Time resolution

Improved time res. with thinner LGADs 15
> Allin agreement with the MC simulation 15 20 25 30 35 40 45 50 55
> Slightly worse for the 25 pm due to worse S/N (very Thickness (um)

high doping due to a problem in the wafer production)

Time Resolution (ps)
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e

Two uniform LGADs attached to the two
sides of the same board, both
connected to the same amplifier

Jo il V LG;\D READOUT ‘Bavm‘n ’v1‘.4’ T lf : ’ “ * ’E t dOUble'LGAD (thls Study)
SCIPP 08/18 g3 s
. LGAD :
.-t amplifier

Ref-35um 15+15um 20+20um Ref-25um
FBK FBK FBK FBK
(1x1 mm?2)  (1.3x1.3 mm?)(1.3x1.3 mm2) (1x1 mm?2)

= Higher signal
> Less power-consuming front-end electronics

> Electronics similar to the one used for the
standard LGADs (50 pum)

= Better time resolution

50

~

2]

40

30 r

20

10

-o—50um

Garfield++ simulation

~—-25um

——25 um, double

50 um

25 um
//////;/2&25 um
Gain =20
0 10 20 30 40 50 60

CFD(signal %)
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https://doi.org/10.1140/epjp/s13360-023-04621-x DOUBLE-LGAD TEST BEAM RESULTS F%I%E

Landau-Gaussian convolution fit

-§ i 50 pm ~ Double 50 B i S0
IS n —— Single Back 50 Mean 30.59 ) CFED = 30%
Yool Single Front 50 Std Dev _ 7.28 Q e Double 50 pm
bt Landau Sigma + | ~ B .
N B , [Py 26.13 +0.01 c 45 ° Smgle 50 um Front
© - Gain~27 | Area T.097 £ 0.002 o
g L Gauss Sigma 2.283+0.010 = Slngle 50 Um Back
S 0.08— Single Back 50 > Qo
- Entries 335991 O 40 \\
N Mean 16.05 %) =
Std Dev 6.665 ()] X,
- Landau Sigma + oC ‘ \ AN
0.06— MPV 12.77 +£0.01 :
L Area U-7046 £0.0012 o 35 ~
i Gauss Sigma 1.713 £0.007 & -
- Single Front 50 |: ~
| Entries 298692
0.04 Mean 16.73 30
B Std Dev 9.266
| i 0.8AN4 +0.003A
L MPV 12.96 +0.01
A 0.7123£0.0013
0.02— Gr::ss Sigma 1.465 +0.005 25
0 i i “| R A S i s e et S S LS VS DO RPN v 20
30 40 50 60
Charge (fC) =
1 s>
- Double charge S

) _ 15 25 35 45 55 65 75
- Big advantage for the electronics

« Better time resolution for the double-LGAD

B
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80

70

60

50

Time Resolution (ps)

e Double 15 pm (CFD=60%)

Double 20 pm (CFD=60%)
e Double 25 um (CFD=40%)
e Double 35 pm (CFD=30%)
e Double 50 um (CFD=30%)

Double-50 um (already
existing technology)
compatible with 20 ps

Just a proof of concept:

- Thinner prototypes not perfectly
identical within the couples

- Improvement expected
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The time resolution slightly
iImproves going to higher
Impinging angles

Longer path = higher charge release

0° ‘0 deg
' 30 deg

45 deg
- 75 deg

S
o
@

F'}II\I|\III|IIII|IIII\\I\I‘\I

Normalized Entries

35 um

i s s N

70 80
Charge (fC)

https://doi.org/10.1016/j.nima.2024.169893
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ALICE

TOF track incidence angles [0°, 74.6°]

https://doi.org/10.1016/j.nima.2024.169893

35 um (245 V, Gain~38) ®0
®30

45

O 10 20 30 40 50 60 70 80
Angle (degrees)
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HYBRID LGAD
Outstanding performances in different CMOS-LGAD

layouts and implementations .. L :
Y P Combining the LGAD principle with
Time res. in line with the needs of ALICE 3 TOF a monolithic approach can provide:
35
33
31

e Single LGAD

oDouble-LGAD Lower material budget and costs
ALGAD at 75°

20 ] ! i Simpler and cheaper assembly
27 4

25
23
21
19
17
15

L
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=
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Time Resolution (ps)

10 15 20 25 30 35 40 45 50 55 -> Baseline solution

hitps://doi.org/10.1016/].nima.2024. 169893 Thickness (um)
https://doi.org/10.1140/epjp/s13360-023-04621-x
https://doi.org/10.1016/j.nima.2024.169893
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CMOS-LGAD

n-electrode MadPix: |V|0n0|l’[hIC CMOS
St prl _ Avalanche Detector PlXelated

Prototype for ps timing applications

n-epi

High Resistivity Si

Produced by LFoundry standard 110 nm CMOS
process, within the INFN ARCADIA project

Adding a p-gain layer below
the collecting electrode

. , First small-scale
" V,op IO control the gain | (4x16 mm?2) prototype

" Vp.ck 10 deplete the sensor .

8 matrices

, » 64 pixels per matrix
Front-end electronics: cascoded common source

architecture with split bias current and active load | i " Apixe=250x100 pm?
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115
110
105

—
o
o

95
90
85
80
75
70
65

Time Resolutioin (ps)

First 48 um-thick CMOS-LGADs (gain = 7-11) were tested in a beam test

e Standard front-end
electronics
¢ Front-end lectronics
o with increased power
o
®
®
® °
&
o
CFD = 40%
16 18 20 22 24 26 28
Vbottom (V)

30

® Time res. =~ 88 ps (Front-end electronics
In standard conditions + Sensor)

® Time res. of the sensor with increased

power on the front-end electronics < 79 PS

55

50 |
- 45+

40 F

This is not the
final thickness
and gain "

15}

10

2 35¢
S 300
25§

50-pum-thick |

__ 25-pm-thick |

o——

*—

15-pm-thick

0

10 20

30 40 50 60
CFD, %

70
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+ Efficiency map
+ Time resolution vs impinging
position correlation

AS3A e dnieg

ALTAI sensor 15 mm x 30 mm (MAPS)

BUSY TRG
OUTIIN  OUTIIN

DAQ board 0 J— —I-
nencA) T ~ 3-5 um of
tracking
resolution
expected on

the DUTSs

Carrier card

o
0
P
=z
0C
L
@)
o
(O
=
O
9

9 § DAQ board
£ 00 (PWELL to GND) power (5 V)
i.e. no back-bias V

Derivation of the ALPIDE chip with a
limited threshold range
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E = 250 pm Entries 19446
< 07F Mean x —0.6775
TE £ Mean y 0.4924
= = StdDevx  0.07215
085~ Q Std D
= o evy 0.1283
0.6 — v —
= 09
0.55— 08
0.5 :_ o — 07
g 0.6
0.45(— 05
0.4 2 pixel under study 04
E 03
0.35—
- 0.2
03 :— m=____— = 0.1
1 1 1 1 I 1 1 1 d I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 0
-0.85 0.8 0.75 -0.7 -0.65 -0.55 0.5
X [mm]
Efficiency

(Electronics noise: 1mV, cross-talk <20ps)

increases with
higher top V

100
S
90 ]
85
80 1
75
70
65
60
55
50 -

Detection efficiency (%)

45 1
40
35
30-

Global
VS threshold

efficiency

Threshold used for
timing analysis
Noise + cross-talk
+ vSub - '25 V, Vtop - 55 V
+ Vsub = '25 V, Vtop = 45 V
+ Voup = -28V, Vtop =65V er limit
Vsub = -25V, Viop = 65V > Underesti.\due to
finite track resolytion
] Association \'Nindolw: (150, 7Q) MM : . ‘ ‘
0 10 20 30 40 50 o660 70 80 90 100 110
Threshold (mV)
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180 —~ R 80;
S\i ; 70
> 5

60 3 T °
£ % 50
c S 40- - .

40 o 3 i Lower efficiency at the pixel
< % borders due to finite telescope
g O 20- track resolution (C)

10+ Stat. error

425

400 0 0 40 80 120160200240 280 320360
1000 1050 1100 1150 1200 1250 Distance along the path (um)
X (um)

No significant efficiency drop between pixels (at V,,,: 65V)
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Scan in the y direction

Illllllllllllllllllllm

18t pixel 175

Pixel pogjtion [um]
g

2nd pixel

PRELIMINARY

lITIIIIIIIIIIIlllllllllllllllllllllﬁ

©o © o © ©o© o o 0 50 100 150 200 250
9 8 2 8 @9 @« = . o
Pixel position [um]

[sd] uonnjosas awi
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-110

- 105

Time resolution [ps]

+ The best time

<+

resolution is at the
pixel center (more
uniform Eigg)

/5 ps achieved in
the standard config.:
no non-Gaussian
tails present
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5 different fluences --- 5x1012,

, 51013, 1014, 1075 MeV n,,/cm?

1.0 A

0.8 A

Efficiency
o
[o)]

o
S
Il

0.2 A1

EFFICIENCY
— 5x1012
e 4013

—6— 65V
—4— 55V
—$- 45V
-$- 65V
-9- 55V
-$- 45V

AN N AN AN /SN /N
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5x1012)
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-
-~
-~ -
-
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-
-
~ oy

25 50 75

100 125
Threshold [mV]

E
4.2

41

3.9

L Entries 326206
r Mean x -0.8576
[ Mean y 4.02
H F Std Dev x 0.07178

| Std Devy 0.08637
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-13-12-11 -1 -09 -08 -07 -06 -05 -0.4
x [mm]

3.9

L.

Entries 353608

[ Mean x -0.8533
_— Mean y 4.022
7 S — StdDevx 007091

Std Devy 0.08637

Ceo b b b b e b o b i
-1.3 12 11 -1 -09 -0.8 -0.7 -06 -05
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£

L a5V

|

L

Entries 263147

Mean x -0.8518 0.9
Meany 4026
Std Dev x 0.06899 08
Std Dev y 0.08532

0.1
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W R N S VR N
13 12 11 -1 -09 -0
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5
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CONCLUSIONS

+ Hybrid LGADs + CMOS-LGADs
The R&D campaign Time resolution in line with the
resulted in sensors with a simulations, and efficiency >95%

time resolution In line with

the needs of ALICE 3 TOF 75 pPS - current performance

_ for CMOS sensors
20 ps achieved across

different layouts and tested From simulation, thinner sensors with a
implementations higher gain are expected to reach better

_ _ results in line with the ALICE 3 TOF
» Solid backup solution

Many ongoing studies to fully unlock the potential of these technologies
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TESTED DETECTORS First very thin LGAD (. Size

prototypes produced by < « Geometry

FBK with different * Inter-pad config.
15 um & 20 pm-thick
FBK LGADs
10 prototypes from r%%gg b 25 pm & 35 pme-thick
EXFLU1 production

ieigl FBK LGADs

Area = 1.3x1.3 mm?2

40 prototypes from
UFSD3.2 production

Area = 1x1 mm?

-thick
HPK LGADs Difficulties in the production:
25 pm: highly doped
from 35 pm: type inversion
HPK2 production

Matrices with different |
interpad designs |

Area = 1.3x1.3 mm?2
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\
DATA ANALYSIS FOR THE TIMING PERFORMANCE

Constant fraction discrimination (CFD) technique Self-trigger from the DUTs:

U) —
;qé . Measure time difference distributions Entries 41286 Difference between the threshold
Yl | Mean raree crossing time of each couple
= 5 = ot + of3 — 033 Constant 2081 9 P
- : 2 Sigma 3.59e—11
- g-value left 1.23 .
) _ 6} + 053 — o I fit
102 — o) = f g-value right 1.13 . . .
= _— « Gaussian shape of the arrival times
- o2+ ol — o « small tails (2.5% of the measurements)
I KR | e
10 E_ - solved for sensors
— time resolution -
E t35pm J[25pm
B (CFD 70%)
e A (T . 000000
1 I B 1 g il ¢ Ut i 1 [ [ Ix1 0_9
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
t eaKas™ tEaKes (S)
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CHARGE DISTRIBUTIONS ©

[72] 3 B u
o 01 — —— Double 25 : Double 25 ;‘g - fg;lgl):;:ckso Entries Double 50 325104
= . Entries 98217 T Singlo Front 50| | St Dev o
L i —— Single Back 25 Mean 20.42 gt el
. S L [ in~ ; 09100
- = Single Front 25 Std Dev 6.353 g IR Ca-Z7 | e cgna  Somsionc
s B Landau Sigma 1.611 +0.011 S 008 | [ ShgeBackso |
N Gain-15 |LMPV 16.41 £0.02 | i [ Mean: *i60s
T 0.08 ain~ Area 0.7438 T 0.0024 i 1 D sigma. 07514200008
= Gauss Sigma 2.035+0.018 006~ ,“ \ Ner 070600012
5 | “\ Gauss Sigma 1.713+0.007
> . Single Back 25 B0t % 3 e Sy ]
Entries 99683 L ,‘ \i Stbov_ 5260
Mean 12.02 r | % et ey
0_06 Et?\ DeV iam + 7.224 0.02 j 5 ; \ ¢ AG:L?SS Sigma 07114%2530082)2
MPV 8.463 + 0.011 i 9 nwms.
Area 0.5676 £ 0.0018 i R~ s—
. 10 20 30 40 50 60
Gauss Sigma 1.088 + 0.011 Charge (fC)
004 DO u ble Slngle Front 25 é 0.18 F __ Entries Doutle 13 319996
Entries 119757 & F Double5 | Mewr e
Mean 12.81 g o6 — SngleBack {5 || B
Std Dev 8.016 g b Single Front 15 || G sgma 05658 20,0000
Landau Si + £ 014
andau cigma Z [= Gain~30 Single Back 15
MPV 8808 i 0008 0.12 — Entries 352963
0.02 Area 05778 £0.0017 - St 12
Gauss Sigma__ 0.6139 % 0.0132 ME Wy
Area 0.2683 £ 0.0005
0.08 - Gauss Sigma 0.4767 £0.0017
B A\ i exsmes
- - “‘ -/* ‘; — Single Front 15 — s e
=2 S T T O SuDev i
0 _ e o i . ooaf | I -/j \' Landa Sigma 01405 00012
20 25 30 35 40 45 0.02 :_1 5 ‘1\ m \K’ é‘::ss Sigma g:gg%ig:gggg
Charge (fC) L Ny | !
;

o=
o
—_
(&2
n
o

25

30
Charge (fC)

MPV of the charge is doubled for the double-LGAD, as expected - Big advantage for the electronics
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Time Resolution (ps)
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e Double 25 um
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Gain

Single LGADs: comparable time

resolution for a similar gain

Better time resolution for a
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4

double-LGAD in respect to single ones

Time Resolution (ps)
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s Timing performance: Single VS Double-LGAD

A0.
o]0 oS

50 um

% j = l Single

e Double 50 um
e Single 50 pm Front
Single 50 um Back

Double { )
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= LGAD and CMOS (DUT) waveforms
acquired with an oscilloscope

» Scope AUX TRG signal to ALTAI planes
= ALTAI data acquired with euDAQ

= Syncronization among 2 DAQs checked
each 5k triggers (1 scope sequence)

LGAD

(10 mV/div)

1T 1 Toam

P3P2  P1PO

LGAD DUT
BEAM
A A O
CHT OSCILLOSCOPE
CH2 (CERN E-POOL)
CH3
) CH4  AUX (TRG)
n
> v
<
<DE o 1V -400 ns
” LVTTL - 100 ns _
< (60 ns delay) . LIRG BOARD
—
<
A\ 4
Linux PC
pcalice3lab29 CONTROL (CERN ET':'-’\_I_ED ___________________
euDAQ
EOS

(H13) VLVa swlojonep

EOS

iy B
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e Detection efficiency improvement

increasing the voltage applied at
the top electrode

e No significant efficiency drop in

between pixels at Vtop: 65V
(path A—B)
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+ At 45V, the time resolution is higher

between center and the pixel
border (Es.q depletion in the center)
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Selection of tracks with associated cluster on
MADPix

Time of arrival along the short edge
(2x100 pm)

- minimum of electric field in pixel
center — field sag region slows down the
multiplied charges —delayed signals

Vtop 65 V: uniform electric field along the
pixel — more stable time response, reduced
delay between central and peripheral events
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ALICE 3 DETECTOR CONCEPT

LS4
ALICE 3 - https://doi.org/10.48550/arXiv.2211.02491 RICH
» SiPM+gas/aerogel
Tracker » Large photodetector area

A

» 60 m? of MAPS

Magnet
» New SC magnet
» Baseline:B=2T

Forward Detector (FD) !Vlggsltlicln
: S cﬂnil‘lllgtrﬁrs - oS scintillators-+fibres
» +SiPM as
photodetectors
» Alternative: MWPC
Vertex detector (IRIS)

» Retractable vertex detector with MAPS
» Low material budget, inside beampipe

ECAL FCT
» Pb+plastic scintillator » Thin tracking disks
» + SiPM as photodetector » 4<n<5 2

Time of Flight (TOF)
» Baseline: CMOS-LGAD
» Or LGAD or SiPM

ot

ALICE
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The ALICE Collaboration has submitted the proposal for a next-generation heavy-ion

experiment, ALICE 3, to be installed at the LHC for runs 5 and 6

TOF

Superconducting
magnet system

Tracking:
- Excellent resolution on the p; ~1-2 %
« Large region of pseudorapidity (Inl<4)

= 10°¢ g
_ g ALICE 3study  m
Vertexing: § oL o n oem -
« First layers s — Layoutv1
. . B — ITS2
abnggﬁlr;er plaCed inside q;:,102:— \\ —— ITs3
Muon the beam pipe £ |
chambers 8 1oL
« Excellent
pointing L .
a next generation resolution
ALICE 3 heavy-ion experiment i | | |
10;0-2 107 1 10 10?
| 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | p; (GeVic)
. | -
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The ALICE Collaboration has submitted the proposal for a next-generation heavy-ion

experiment, ALICE 3, to be installed at the LHC for runs 5 and 6

Identification:
« Particle identification in a very
large p;range

<l | > Hadrons up to 2-3 GeV/c
[V > Electrons between 0.05 < pr<2 GeV/c
\ ‘ > Photons down to very low pr (=1 MeV/c)
2008l | :

T T T T T T T T T T T T
E_ - p/K 3¢ separation
- B - 20 T 7] TOF (inner)

Superconducting
magnet system

10? E B = 2 T K/x 30 separation
E - '0 ) TOF (inner)
C £5) TOF (outer)

TOF + RICH :
2 [ K/ﬂ %;%F':m? ] RICH (barrel)

: : i< /K S,
S(;pa:)atsi-?)n 10§— [ RICH (lorward) —;1 10E RICH [ RICH (forward) - 10_—RICH CIRicH forvart) 3
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—
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K/m<s25GeV/c 3 107 ] 10 3
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Inner TOF Outer TOF

Forward TOF Disks

Radius (m)
z range (m)
Area (m?)

Acceptance

Granularity (mm?)

Hit rate (kHz/cm?)

Material thickness (% X))
Power density (mW /cm®)

Time resolution (ps)

0.19 .85
—0.62 t0 0.62 —3.50 to 3.50
1.4 7

In] <1.9 n| <2
1 3¢ DX D

200 15
1 to3

50

20

0.15 to 1.0
=370
6
2< || <A
Il ltgaXo
280
1 to3
50
20
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3 cadidates for
ALICE 3 TOF

~ NEW

————

SILICON TECHNOLOGIES

aluminum

Epitaxial layer — p

substrate — p**

p~-epi-layer

).

U p**-Substrate

SiPM

SPAD-based system
could merge the TOF
and RICH readouts

The possibility of
achieving 20 ps has
been demonstrated

not a viable option
for inner TOF and
disks (radiation)

particle

p-well

i n-well

deep p-well

I “ n-type epitaxial layer
'
n-type substrate

« Less material budget
and costs

« Simpler and cheaper
assembly

CMOS LGAD

* Investigation on
innovative designes
- required time

resolution



3 cadidates for
ALICE 3 TOF

Direct detection of charged particles

Passage of a charged particle ———> excess of firing SPADs

CHERENKOV EFFECT

whithin the SiPM protection layer Tirpeireselatonic) Aey

100

- WR
protection 90 Without
- 80 i N e N e R ,
70

60 ‘ . sasssssasasses
50 : g EOSS————

MIP

Time Resolution (ps)

6 SiPM
structure

' T raa gl ' Lo g g el e g a1
3 4 5 6 7 =8 =9
n fired SPADs

F. Carnesecchi, B. Sabiu “Measurements of the Cherenkov effect in direct

detection of charged particles with SiPMs” (2023) arXiv:2305.17762



