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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

‘ ’ Letter of Intent. https:/arxiv.org/abs/2211.02491
RICH 4 / Scoping Document: https://cds.cern.ch/record/2925455
ECal T 7 4 ‘,
Magnet y | ﬁ}
Absorb y n " " .
sorber »(.T » New exciting opportunities for the study of:
J .
e + Multi-charm hadrons at low momenta
a next generation —> Crucial test for coalescence models
A LI C E 3 heavy-ion experiment
4+ EM radiation produced in the first
| 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 035 evolution phases of QGP

| \
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The ALICE Collaboration has submii

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

 inner TOF R=19 cm
e outer TOF R=85cm
Oror « forward TOF z=375cm

Outer Tracker Separation o L

Power

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
2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 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 LGAD Electric field

m m Drift region: low and uniform electric field mechanism

Internal low-gain
multiplication
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med, unirr, L1

med, unirr, L2

low, unirr, L1

low, unirr, L2

med, 3e14 -6°C, L1

med, 3e14 -6°C, L2

med, 3e14 -20°C, <L1,2>

med, 1e15-15°C, L1
----0---- med, 1€15 -15°C, L2

https://arxiv.org/pdf/1703.09004
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Optimized to obtain:

» Fast signal (dV/dt)
* Improved S/N
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State-of-the-art LGAD
(35-50 ume-thick)
> ~30 ps

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

0 10 20 30 40 50 60
CFD (%)

- Potential of a thinner layout of LGAD
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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 S-SR L ¥ TPe boad aligned back-

—> Signal waveforms acquired A EE ! =— to-back to the beam
—> Digitalization at the analysis level S e ' | b

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

€

ALICE
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e FBK15_1.3x1.3_13D
FBK20_1.3x1.3_15D

e FBK25_1x1_10-3

e FBK35_1x1_7-5

e HPK50_W36_1.3x1.3_F

(ps)

Time Resolution

4+ 50 um in line with the expectations
> Validation of setup and analysis procedure

4+ Improved time res. with thinner LGADs

> Allin agreement with MC simulation
> Slightly worse for the 25 um due to worse S/N

FATA - FAst Timing Applications for nuclear physics and medical imaging

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

35

33 Not optimized
S ® — ef Irei)cr]ttr;)enr;gs
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27
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Time Resolution (ps)

Better
17 Time resolution
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Thickness (um)
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https://link.springer.com/article/10.1140/epjp/s13360-022-03619-1
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NEW CONCEPT: DOUBLE-LGAD

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

ESEE R st e double-LGAD (this study)
! | e
Y LGAD

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
n . . .
! Garfield++ simulation ~o=S0un
) ~-25um
40 |
——-25 um, double
50 um i
30 | - —
20 :25 ume PY Py
10 %//k’//'//v/ZSQS um
0
0 10 20 30 40 50 60

CFD(signal %)
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CHARGE DISTRIBUTIONS ©
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MPV of the charge is doubled for the double-LGAD, as expected - Big advantage for the electronics
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000 Timing performance: Single VS Double-LGAD
e
25 pm 35 um 50 pm
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resolution for a similar gain -
15

55 65 /5
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- Better time resolution for a
double-LGAD in respect to single ones
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80
70
60

50

Time Resolution (ps)

15 um e Double 15 um
y Double 20 pm
J e Double 25 pm
% « Double 35 pm
% e Double 50 um
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= Double-50 um (already
existing technology)
compatible with 20 ps

= Just a proof of concept:
- Thinner prototypes not perfectly

- Improvement expected

identical within the couples
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Changes in the response of sensors placed at the
edge of the barrel layer or not fully traversed by

particles with very low momentum?

4 Fixed ref

7
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Concurrent effects:

« Longer traversed path, so more
charge produced
« Part of charge released at the edges

eence LGADs

Sofia Strazzi
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The time resolution slightly
Improves going to higher
impinging angles

35 um (245 V, Gain~38)
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35 um

.
e P

Charge (iC) O 10 20 30 40 50 60 70 &0
Longer path = higher charge release Angle (degrees)
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HYBRID LGAD

Outstanding performances in different
layouts and implementations

Time res. in line with the needs of ALICE 3 TOF
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CMOS-LGAD

Combining the LGAD principle with
a monolithic approach can provide:

Lower material budget and costs

Simpler and cheaper assembly

-> Baseline solution

Sofia Strazzi




CMOS-LGAD CONCEPT )
MadPix: Monolithic CMOS

n-electrode
_ F:- Avalanche Detector PlXelated

Prototype for ps timing applications

n-epl

High Resistivity Si

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

Adding a p-gain below the
collecting electrode

First small-scale
(4x16 mm?2) prototype

= V,op t0 control the gain

= 8 matrices
Vypack 10 deplete the sensor . .
» 64 pixels per matrix

Apixe|=250>< 100 UmZ
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TIME RESOLUTION OF CMOS-LGADS

115

110 e Standard electronics
105 oEIectronics with
,g 100 ° increased power
o
:g 95 Py
= o
73) a0
) o o
Lt 85
)
£ 80
— 2
75 PN .
70
CFD = 40%
65
16 18 20 22 24 26 28

Vbottom (V)

First 48 um thick CMOS-LGADs
with an internal gain of =~ 7-11
were tested in a beam test

e [ime resolution =~ 88 ps
(Electronics in standard
conditions + Sensor)

¢ Time resolution of the sensor
with increased power on the

electronics below 75 ps

1T

M
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ALTAI sensor 15 mm x 30 mm (MAPS)
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DAQ board
(INFN CA)

~ 3-5 pm of
tracking
resolution

expected on
the DUTs
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oo DAQ board

~ 0Q(PWELLto GND) | Power (5V)
“ i.e. no back-bias V

Derivation of the ALPIDE chip with a
limited threshold range

Working Group meeting — (S)PS test beam: CMOS-LGAD efficiency Sofia Strazzi
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increases with
higher top V
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Scan in the y direction
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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?
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CONCLUSIONS

+ Hybrid LGADs + CMOS-LGADs
The R&D campaign on 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 DS - state-of-the-art

_ _ for CMOS sensors
20 ps with different layouts

and implementations tested From simulation thinner sensors with a
_ _ higher gain are expected to reach better
¥ Solid backup solution results in line with the ALICE 3 TOF

Many ongoing studies to fully unlock the potential of these technologies
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