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ePICSEER@EIC (2030-) ALICE3528R @ CERN-LHC (2035-)
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ePICSEER@EIC (2030-) ALICE3528R @ CERN-LHC (2035-)
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AC-
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N J I »ﬁv Layer Material  Intrinsic Barrel layers Forward discs

thickness resolution Length (£z)| Radius (r)} Position (|z)  Ria Rout
(%Xo) (pm) (cm) (em) (cm) (cm)  (cm)

0 0.1 25 50 0.50 26 0.50 3

1 0.1 25 50 1.20 30 0.50 3

2 0.1 25 50 2.50 34 0.50 3

3 1 10 124 3.75 77 5 35

o 4 1 10 124 7 100 5 35

& i — L— ~ (=] 5 1 10 124 12 122 5 35

® mﬂ'ﬁt@%ﬁﬁm@tb@y U j > t at)bmﬂjiﬁ 6 1 10 124 20 150 5 80
a - — 7 1 10 124 30 180 5 80
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sensor chip (e.g. silicon) frt?'nt-end
chip
high resistivity n-type silicon Solder Bump: Pb-Sn

p-ype 7 aluminium layer

silicon layer - / /
flip chip \ . :
bonding with — i»
solder bumps X il : Ta

electronics chip

pixel
detector

(VTT/Finland)

single pixel
read-out cell
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CMOS imaging sensor (CIS)

Microlens
Amplifier - - Red Color
Transistor = S 4 - Filter

Column _— Reset
Bus Transistor . Transistor
E Row
Select Bus

Potential
Silicon Well
Substrate
Source: Olympus
CMOS Image Sensors Return to Strong Upward Trajectory
$35 T [ Sales (SB) —€—Units (B) - 16

2010-2015 CAGRs
$30 T sales=17.0% Units = 14.7%

&5 2015-2020 CAGRs
Sales = 14.1% Units =13.7%

2020-2025F CAGRs
Sales = 12.0% Units = 14.9%

$20 T

815 <F

$10 T

Worldwide Market ($B)
Worldwide Unit Shipments (B)
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Source: IC Insights

VIS, Tower, 1.20% o

Nexchip, 1%

HuaHong ’ 1.20%
1.60
Group, 3.30% _ i —

|

Global
Foundries,
5.80%

UMC, 6.90%

TSMC, 56.10%

Samsung,
15.50%

Global Top 10 CMOS
Foundries - Market
Share

CANON, 1% Teledyne, 1% _ Panasonic, 1% Others, 3%

Hamématsu, 1% ‘ —
|
ONSEMI, 4%
Smartsens, 2%
SK Hynix , 3%
Galaxycore, 4%

OMNIVISION,

SONY, 39%

13%

Global Top 10 CIS
Companies - Market
Share

 camera phones, vehicles, machine vision, human
recognition and security, scientific/medical
e cellular camera phones account for 60% of the sales



CMOS imaging sensors

The inception of CMOS APS for charged particles

NH,

NUCLEAR -
R INSTRUMENTS CHARGED PARTICLE ~
f‘% J & METHODS
;g 5 IN PHYSICS
RESEARCH
ELSEVIER Nuclear Instruments and Methods in Physics Research A 458 (2001) 677-689 PR ' [+ 11 W—

www.elsevier.nl/locate/nima

A monolithic active pixel sensor for charged particle tracking
and imaging using standard VLSI CMOS technology

R. Turchetta®*, J.D. Berst®, B. Casadei®, G. Claus®, C. Colledani®, W. Dulinski®,
Y. Hu?, D. Husson?, J.P. Le Normand®, J.L. Riester®, G. Deptuch™!, U. Goerlach®,
S. Higueret”, M. Winter”

SLEPSI. IN2P3JULP, 23 rue du Loess, BP20, F-67037 Strasbourg, France
PIReS, IN2P3/ULP, 23 rue du Loess, BP20, F-67037 Strasbourg, France

NWELL DIODE NMOS TRANSISTORS IN PWELL

ELECTROSTATIC POTENTIA

Since then, there have been a lot of developments. 100% efficiency and CMOS electronics integrated in the

pIXE| matrix TPAC - for ILC ECAL (CALICE)  PIMMS — for TOF mass spectroscopy ~ CHERWELL — Calorimetry/Tracking ALPIDE — Tracking

50um pixel 2008 A ixel 2012
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STAR HFT - 2014
ULTIMATE

CBM MVTX - 2027
MIMOSIS

ALICE ITS2 - 2021

ALICE ITS3 - 2028
“Wafer-scale MOS”

NAG60+ - 2028
(based on ALICE ITS3)

SPHENIX MVTX - 2023
ALPIDE

11

L. Musa, QM2023

B Target holder with target

NA61 prototype
ALPIDE

2

AC-LGAD TOF
(behind hpOIRC)

Barrel tracking
layers op@

Backward/Forward
tracking discs (5 layers)

EPIC

cylindrical uMega layer

\(based on ALICE ITS3)

planar uRWell MPGD cone

ALICE3

next generation /




NAG6O +

Beam energy scan (\/syy : 6.3 —17.3 GeV) for precision studies of: hard processes, electromagnetic

~

Roadmap

» Technical proposal: 2024-2025

* Constr. & Installation: 2026-2028
+ Data taking: 2029 - 2037

Eol in 2019 https://cds.cern.ch/record/2673280

~

Lol in 2022 CERN-SPSC-2022-036 ; SPSC-1-259 |

5-plane vertex detector based
on MAPS (ALICE ITS3)

» Spatial resolution: Sum

follows design of NAGO but with better-performing detectors

rapidity (high-E)
235> sy £ 374

Muon Wall (graphite)

Hadron absorber()

12

L. Musa, QM2023

(BeO + graphite)

£

©

¥p]

2

=1
MWPC with
Target + Vertex detector double strip
(inside dipole magnet) v (stero angle)
readout

Toroidal Magnet

Muon Spectrometer (6 stations) on rails to adjust position depending on energy

* X/Xo. 0.1% /plane

Muon tracking stations: MPGD (GEM, MicroMeagas) or MWPC (baseline) with total active
area 100m?, spatial resolution (radial direction) ~200um, max plarticle flux ~kHz/cm?




ALPIDEF v (ALICE-ITS2)

DIODE NMOS PMOS

DIODE

Ju

/' Drift

NWELL TRANSISTORS / NWELL

JOENeTS

DEEP PWELL

PWELL
DEEP /PWELL

Epitaxial Layer P-

Based on MAPS technology (ALPIDE)

180nm technology (Tower Jazz)
Thinner: for innermost layers ~0.30% X
Smaller pixels: 27 x 29 um?

Maximum readout rate: 200 kHz

130 000 pixels/cm?

Max. particle rate: ~100 MHz/cm?

Spatial resolution: ~5 um

Thickness: 50 um for the inner layers

Fake-hit rate: < 10 per pixel per event



ALPIDEF v J'(ALICE-ITS2)

| Inputstage  VPULSE_* | e ,',j;',_,,'a}.,;,;; Prontand | | i Ix Multi event
' [ ! | buffer
| Ceeet Co ! ; ' STROBE
: ese I '
| 230 aF | i : | STATE
: I 1 PIX_IN | OUT_A | >
: : ; ' OUT_D
| . | : |
: ‘ i.':-::-ll_e-:tmn .l ' : Hit Storage
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| : | THR i
: —@ susB . ' . H
____________________ I e e e
PIX_IN -

V4 t~~10ns V g s TR SWops
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T J DUT_D_I
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J’ t > 100 us \___ STROBE
» 1 >




ePIC/ALICE-ITS3 : 65nm

180 nm — 65 nm technology development L L o Tem——

TPSCo 65 nm CMOS Imaging Technology B

TPSCo Hi&HtsR TPSCo fa%5/& {8225 TPSCo CSR TPSCo & B HkH| TPSCo x5

NWELL
NMOS PMOS COLLECTION
— — ELECTRODE - =
O O O O
PWELL PWELL NWE

DEEP PWELL DEEP PWELL TPSCo Overview and History [ emane |

H0— R—bF—X =350 5 —%AAK(TPSCo) [ z=22707vuroems

SEYLICNEDHERRLD S IHEMROTIB T SEEL EOEMA

Standard

DEPLETION BOUNDARY
P EPITAXIAL LAYER

nwaell collaction
NMOS PMOS eloctrode
— =

nwell collection
electrode

NMOS. PMOS. 4 k .
 ze a - = I = — — F—— = = 1
» matrix: 6x6 pixels » matrix: 64x32, 48x32 pixels > matrix: 32x32 pixels
» readout: direct analog » readout: rolling shutter » readout: async. digital with
readout of central 4x4 analog ToT
» pitch: 10, 15, 20, 25 pm » pitch: 15, 25 pm » pitch: 15 um

» total: 34 dies » total: 4 dies » total: 3 dies



ePIC/ALICE-ITS3 : 65nm

APTS — Fe-55 lab tests

Modified with gap

0.0035

0.00151

0.0010

Relative frequency (per

0.0005

il Charge shared between pixels

ALICE ITS3 preliminary
Fe-55 source measurements

1 Plotted on 03 Apr 2023

NWELL COLLECTION
NMOS PMOS ELECTRODE = -

- IL_JI
PWELL NWELL . PWELL NWELL

., DEEP PWELL DEEP PWELL _ o

LOW DOSE N-TYPE IMPLANT

Charge collection
by seed pixel

P= EPITAXIAL LAYER

Partial charge collection

0.0000
0

250 500 750 1000 1250
Seed pixel signal (e™)

1500 1750 2000

Pixels of pitches of 10-25 um show similar results
indicates that the charge collection is very efficient

APTS SF

type: modified with gap
split: 4

Ireset = 100 pA

Ibiasn = S HA

Ibiasp = 0.5 A

Iiasa = 150 pA

Ibias3 = 200 pA

Vieset =500 mV

Vsub = Vpwen = — 1.2V

Pitch = 10 pm

1 Pitch = 15 um
1 Pitch =20 um
- Pitch = 25 um



ePIC/ALICE-ITS3 : 65nm

APTS — beam tests

Hit/no-hit
Spatial resolution (um)
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ALICE ITS3 beam test prelimina
@SPS October 2022, 120 GeV/c hadrons

N
o
Average cluster size (pixel)

: @PS August 2022, 12 GeV/c hadrons 1.5
=5 IIIT¥==snigean .o Plotted on 27 Mar 2023
B et V*?EEE%EEE_’EEEﬁE‘_Eﬁ'---"---'--.-._-._
Association window radius: 75 pum. Plotting for thresholds above 3xnhoise RMS.” =¥ 1.0
100 150 200 250 300 350

Threshold (e™)

APTS SF
Non-irradiated
type: modified with gap
split: 4

Ireset = 100 pA

Ibiasn = 5 WA

lbiasp =0.5 pA

Ibiasa = 150 A
Ibias3 = 200 pA
Vieset = 500 mV
prelI =Vap=-1.2V
T=20"°C

—#— Spatial resolution
-4-- Average cluster size
Pitch = 10 pm
—¥— Pitch = 15 um
—4— Pitch = 20 um
—4— Pitch = 25 um



ePIC/ALICE-ITS3 : 65nm

APTS — beam tests

* Detection efficiency
increases with pixel
pitch

* Interplay between:

* Less efficiency at
pixel border

* Less border
contribution for
larger pixels

Detection efficiency (%)

100

99

95 1

90 1

85 1

80 -

70 -

ALICE ITS3 beam test preliminar
@SPS October 2022, 120 GeV/c hadrons
@PS August 2022, 12 GeV/c hadrons
Plotted on 27 Mar 2023

Association window radius: 75 um. Plotting for thresholds above 3xnoise RMS.

100 150 200 250 300
Threshold (e™)

350

APTS SF
Non-irradiated

type: modified with gap
split: 4

lreset = 100 pA
Ibiasn = 5 HA

Ibiasp = 0.5 pHA
Ibiasa = 150 pA

Ibias3 = 200 “A
Vieset = 500 mV
vam‘! = V‘-Ub=0 \'
T=20°C

Pitch = 10 um
—4¥— Pitch = 15 um
—4— Pitch = 20 ym
Pitch = 25 um



ePIC/ALICE-ITS3 : 65nm

DPTS — Detection efficiency
[doi:10.48550/arXiv.2212.08621]

1%8 1 \ ALICE ITS3 - 103
————— - === " Tdoi.org/10.48550/arxiv.2212.08621
95 - -10° __ —4— Detection efficiency
X \, —#- Fake-hit rate
> 90 L1017 —$— Non-irradiated
3 Y —— 10! 1MeV ng cm~?
é 85 - L 100 %‘ 104 1MeV ngg cm~2
)
c © —$— 10% 1MeV ng cm™2
T 80+ | 10-1 2 —#— 10kGy
Q \ \ !
g L3 3 % —§— 100 kGy |
o e *\ \ ‘+ | 10-2 = —# 10KkGy + 10*? 1MeV ngy cm2 E’
v\ N | - .
------------ a—ﬁlge—ms—@ﬁamw%q—fffﬂ%frip JE regs.
70 - F 107

Y i< 100 125 150 i B 200 225 250 29 300 325 350
Threshold (via Vcasp) (€7)



ePIC/ITS3: Wafer-size sensor  p%

Wafer-size curved sensors — Nearly massless truly cylindrical detectors
TPSCo ISC 65nm CMOS Imaging 300mm wafers + stitching

300 mm wafers

from reticle-size to wafer-size thin (<50Mm CMOS can be curled)
Endcap L Repeated Sensor Unit Endcap R
Pads
i e —— “MOSS”: 14 x 259 mm, 6.72 MPixel
sl =k = (22.5x22.5and 18 x 18 pm2)
l S & = | E =

- conservative design, different pitches

2.39 mm 1.5'mm
+«——25.5 mm ——  Peripheral circuits Pads



ePIC/ITS3: MOSS testing

* Confirmed basic functionalities at lab

v’ Careful and gentle powering

v' Yield assessment by baby MOSS too
* 3 beam test campaigns at PS

v" 3 ALPIDEs + MOSS + 3 ALPIDEs

104 ALICE ITS3 beam test preliminary o | e
MOSS @ CERN PS August 2023, 10 GeV/c hadrons -, - it~ RR o
Plotted on 29 Aug 2023 : s ; v oo 3
o 400
5 4
Hit map = 300
0 <4
50 £ 8
40 : &
E 200
£ s
€ 30 §
S s
bl =
> 20w 100
10 : i
5 2 .‘Regron 1 vReg-ovn 2 ) R.eg|on 3 0
0 215 -10 % 0 5 10

Xmoss (mm)



ePIC/ITS3: MOSS testing o

8 1.8
MOSS-4 W24B5 T6
7 1.7 Pitch: 22.5 pm
Pixel pitch /|V12 Type: 5 um gap
____________________________________________________________________________ Ibias = 62 DAC
6  — -1.6 0 Ibiasn = 100 DAC
€ v “—Am x Ireset = 10 DAC
C a l¢pb = 50 DAC
c 2 1.5 5 Venire = 192 DAC
S N Veasn = 64 DAC
2 7 Strobe length: 6 ps
= " % T=30°C
E 3 I,m-—-‘@""m -1.3 9
o - @  —#— Spatial resolution
wn ~B ] .
- -H-- Average cluster size
? *’E'"E-KE_ . 122 M Re ic-rgwJ 0
= ALICE ITS3 beam test preliminary, 9!
14 @ CERN PS September 2023, 11 Region 1
10 GeV/c hadrons, ' —#— Region 2
Plotted on 23 Nov 2023 Region 3
0 |_Association window radius: 150 um. Masked pixels per region: (1, 0, 0, 0). | . 10 egion
0 5 10 15 20 25 30 35 40

Vcasb ( DAC )
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@©KEK % #5057 IPHC

R_DR_2? Collaboration € %uuo e
o LA
KEK — ITDC IPHC — C4Pi
[ CHUJO Tatsuya Core facility for detector R&D  Core facility for MAPS R&D AT e
GUNJI Taky U.Tokyo — ALICE PHC - Belle I BESSON Auguste
HANGAKI Kazunori & EIC EL BITAR Ziad
[ INABA Momy] U.Tsukuba — ALICE PHE - PICSEL SUERNANE Rk
NARAMURA Katsoro > KEK - Belle | eporeerercel HU-GUO Christine
NAKAMURA Koji KUMAR Ajit

TOGAWA Manabu KEK — ATLAS LEG = ALICE

MAIRE Antonin
|YAmAGUCH Yorito ]\ /
U.Hiroshima - ALICE ~ IPHC — ALICE
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((&)KEK Stk |PHC

Short-term activities

® Contribution to OBELIX-1 design
« Still possibilities in analogue parts: DAC, ADC

= Tests of TJ-Monopix2
* Same DAQBoard53 system than OBELIX-1 will use
— IPHC can provide its own system for Summer

(more systems to be produced soon) r board BDAQ53
* Goals: learn how to tune the thresholds over the matrix with sensor board
start thinking integration in beam line (telescope?)
* Reporting on VTX Monday meeting 2:00 PM (JST) DAQ board Prosiimiil board Chib board
(= Tests of CE-65v1 or v2 )

» System distributed by ALICE-ITS3 (availability to be checked)

* Goals: learn analogue output characterisation (calib...)
specific measurements on v2 not yet performed

* Reporting in ALICE-WP3 Tuesday meeting 4:00 PM (JST)

e MOSS characterization
\° Allpix2 simulation j




CEG65 variants 25

- R efergn C e C anl gUrOﬁ on Stqtqsc‘llord (ST)EL diOd.esv Blon-lievf onero.(anLK) di-czile Go-pG Loyer (f:\IP) dic-):Jve

s 22.5 3Q GAP ‘

®= Specific studies

1. Influence of diode conf on baseline 22.5 SQ. P-type epitaxial layer wiisdcaree  P.type epitaxial layer P-type epitaxial layer
- 22.558Q STD, 22.5 SQ BLK, 22.5 SQ GAP
2. Influence of pitch in SQ pixels in GAP.
- 15SQ GAP, 18 SQ GAP, 22.5 SQ GAP
3. Influence of HSQ vs SQ in GAP.
- 18 SQ GAP, 18 HSQ GAP, 22.5 SQ GAP, 22.5 HSQ GAP
4. Influence of pitch in SQ pixels in STD. Square (SQ) pixels
- 15SQ STD, 18 SQ STD, 22.5 SQ STD
5. Influence of HSQ vs SQ in STD.
=18 SQ STD; 18 HSQ STD, 22.5 SQ SID, 22.5 HSQ STD

6. Influence of pitch in SQ pixels in BLK.
- 15SQ BLK, 18 SQ BLK, 22.5 SQ BLK

/. Influence of HSQ vs SQ in BLK.
- 18 SQ BLK, 18 HSQ BLK, 22.5 SQ BLK, 22.5 HSQ BLK

Inirial charge

W. Snoeys et al.:
Backside voltage pol: 10.1016/.nima.2017.07.046.

Backside voltage Backside voltage

Hexagonal (HSQ) pixels




MAPS testbeam at KEK

Beamtests for CE65 chip validation & performance check
Collaboration with ALICE-Korea team (ALPIDE telescope and APTS, Bent-ALPIDE)



SEDOBER

ALICE3®Mouter trackeri2ePICEERMDVTXDupgrade (2040-)=H>D

CE65. MOSS. APTSDOFT X hE@ U C. EXRNIQENF=IERE
TCAD, AllPix27& &Edsimulation studies
BRAESETTYAOTEDLS(CHiliZEZ(CDIFZL

ePIC VTX®Dupgrade

J-PARCD/\ RO >%EEX. E16 upgrade?

J-PARC-HI



ePIC/ALICE3 CDPID

ePICSEER (2030-)

Imaging Barrel Electron Direction 1.7T Superconducting Solenoid
EM Calorimeter Tracking

Forward Calorimetry
(EM and Hadronic)

Backward
Calorimetry _

_ Dual-radiator RICH

High-performance
DIRC

Endcap
Electromagnetic
Calorimeter
Hadron Direction /-
Tracking®

5

Barrel Hadronie ®
5 N
Calorimeter <

ALICE352E% (2035-)

TOF

Superconducting
magnet system

Muon
absorber

Muon
chambers



ePIC/ALICE3CODPID

ePICSEER (2030-) ALICE35E% (2035-)

CMOS-LGAD Aerogel RICH

il Cluster fl
PW [NW | PW PW |NW | PW —- -
gain layer
r

DPW DPW Radiat:
Photons
n-epi
harged trai
High Resistivity Si RICH [] F ]I sibm
radi layer
p+
High-Performance
DIRC
__________ Charged .
particle '“’"\1‘;
Cherenk
Modular (mRICH) : photons
/ Proximity Focused l H '?-_--‘——-—‘-'—' i - |
(pfRICH) a— = =H} ]

AC-LGAD =
TOF (~30ps) | B




p (GeV/c)
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ePIC/ALICE3CODPID

ePICSEER (2030-) ALICE352E& (2035-)
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E «- 30 kV/cm g n++ \ . E«300kV/cm

r

] 7—,\ =

+ gain layer
p bulk i 4 JTE

p++ p bulk p++
, I —— A :

E field Traditional Silicon detector Ultra Fast Silicon Detector E field

WF2 Simulation

0 ~ __(HH A w AN Y M —
TA2LAT ("Eﬁi" \gn-}fﬁjm)%Pad'fjﬁ(L 140 - BBA amplifier, CFD = 15%, G ~ 20, Cdet = 6 pF
lné — é:_C gﬁ(’ \ Eé'iﬁj&ﬂjﬁk 120 1 —WF2:lJitter+Landau
54 LAV —D#\BISTETF TR B i
=, [EEOIE DR 2D I

e
- = | e Xiv:1704.08666
, d?,G G 20 - ArxXiv
Ramo’s theorem 0 - ; ; - : '
— X — 0 50 100 150 200 250 300

dt d Thickness [um]



LGAD#R 2%

ePICRERTIE, HAMRS T AD'AC-LGADH _4_,@ d
mﬁ&ﬁm%t p*-gain pT-gain
LGAD
NLILToF (R EYwZ) HI73 ToF (EOTIL) p-Si
—= v @)

DC contact

AC pad #1 AC pad #2 AC pad #3

resistive n™ p*-gain
p-Si AC-LGAD
:p+‘ (b)

BrIARMMEHZE (EoL) O-—-~X2my bk (Eot)L)
BNL 4" wafer  Strip type by BNL Pad type by HPK

BNLEHPK (eRD112 — LGAD consortium) " 3x3 mm2 a3 mme
T%{’F Sensor size Sensor size

100pm, 150 pm, 200 pm



AC-LGADD%#E

Permanent setup in FNAL test beam facility (FTBF)

AC-LGAD
120 GeV

Trigger scintillator

\

proton lHH| I IHHHI i
1 i

FTBF strip and pixel telescope

MCP-PMT

Efficiency

-t
BN

-
N

-

0.8

0.6

0.4

0.2

FNAL 120 GeV proton beam BNL2020, 220V
I e e e e e e e e e T

= —Stip1  —Stip2 —Strip3 3
B —Strip4 —Strip5 —Strip6 ]
C — At least two strips ]
L i VT 3
N [ £ % \ ]
3 | | E
- f | ]
- \‘ { ]
C ] | |1 }
E [ 4 7
= ¥ | -4
= F 3 4

04
Track x position [mm]

0.2 0.6

Designed and produced by

Name Pitch | Primary signal amp. 4 Position res. | Time reh
Unit um mV um ps

BNL 2020 100 101 = 10 <6 29 + 1
BNL 2021 Narrow 100 104 + 10 <9 32+1
BNL 2021 Medium | 150 136 = 13 <11 30+ 1
BNL 2021 Wide 200 144 + 14 <9 33+1
HPK C-2 500 128 + 12 22 + 1 30+ 1
HPK B-2 500 95 +10 N 24 + 1 27 + 1)

> KEK/Tsukuba with HPK

Position resolution [um)

Time resolution [ps]

[#%)
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w
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M
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-
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—
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34

R. Heller et al.,
JINST 17 PO5001 (2022)

FNAL 120 GeV proton beam
B

BNL2020, 220V
T T

- — — - Binary readout E
F —— Two-strip reconstruction .
:I 1 Tl | MR T (- . I:
-0.3 -0.2 -01 0 0.1 0.2 0.3
Track x position [mm]
FNAL 120 GeV proton beam BNL2020, 220V
R BT e e T e e e e e e e e e e
o Single-channel timestamp =
E Multi-channel timestamp 3
I (I AT ST
-03 -0.2 -01 0 0.1 0.2 0.3

Track x position [mm]



FHFEN L @ [L B XKEFE WPI-SKCM2

= F[E BNL, [EE X2, ... (1CLab/Omega E13H)
s AC-LGAD %F + &5t ASIC (EICROC)

Off detector
Monitorin
AciGAD -D |

Optical link

EICROCx

T

......

LRIt Tk TR EBXETZRAUF (—E)
AC-LGAD & EICROCO (Xilinx FAFEF Vb =

FPGA + ZYNQ Z Ot yH)
2
ep-@ 2024/03/21 AAYESS - EEEA 10/13 f:%gf S KC M

WPI HIROSHIMA UNIVERSITY




FAFEER (FE~PE)

s ZETET)OF—HRESTEH

- ARG EEXLTELI-45% ) BNL / ;E¥AE! AC-LGAD EF
s TCAD 22l —3avIZ&bBBEFRNEEEFEIL

- ASIC(s) + &t HH E i al 1F 1
s ANV TR E DRBLEHT-EE M
- ERMEE ~30 ps, ~30 um EBiF
n BHR, IRL—Y—, [5F# (FNAL), EF#¢ (ELPH)
- BFfEl / fLE 7 2R
- BRTUNERNZR, EABMHEELH
» BRERIZEITHRAR)YTE AC-LGAD % fliTHE L
- %5t VEal—ay, 84k, DR TLME, T2

QH@ 2024/03/21 BAYEYS - FEEKA 9/13




LGAD R&D for ALICE3

First beam test 2021 on very thin FBK

LGAD: 25 and 35 um thick

(00]
o

70

60

50

Time Resolution (ps)

40

30

20

10

e 25 um
e 35 pum
50 pm

h
TR +-

N, 35 um T
; ‘f“-;

60

90 120 150 180 210 240 270 300

V (V)

Thickness Vid Voltage applied Gain
FBK25 1 x 1 mm? 25 um 1273+ 01V 75-120 V 13-57
FBK35 1 x 1 mm?2 35 um 2607+ 02V 165-240V 1049
HPKS50 1 x 3 mm? 50 pm 253.0+£ 02V 200-245V 26-61

Improveq ti
reésolution y:,r::z
thinner LGap
With respect to
he Stal"ldard
50 ym

Standard LGAD (50 pm) in line
with the expectations
» Validation of the setup and
the analysis procedure

22ps:In
35 agreement with
LM | MC simulations

25 ps : Slightly worse time A

resolution than what foreseen
from simulations
(worse S/N)

J



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

LGAD R&D for ALICES3

Double LGAD

R\
?ub\‘\ﬁ“ed "
25 pm

9]
o

o
(&)

Time Resolution (ps)
N
o

25

20

98]
(&)
.

e Double 25 pm
e Single 25 pm Back
Single 25 pm Front

15
5 10

15 20 25 30 35 40 45 50

Gain

Time Resolution (ps)

MPV of the charge is doubled for the double-LGAD,
as expected - Big advantage for the electronics

Timing performance: Single VS Double-LGAD

o)
o

45

40

35

30

25

20

15

35 um

e Double 35 pm
» Single 35 pm Back
Single 35 pm Front

e

6

9 12 15 18 21 24 27 30
Gain

Time Resolution (ps)

a
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I
ey

N
o

W
a

25
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15

tH

50 pm

[}
8
s,
=
X,
,
Y
o ||
™ .
N,

® Double 50 pm
« Single 50 pm Front
Single 50 pm Back

3
e
\

15

25 35 45 55 65 75
Gain

» Single LGADs: comparable time resolution for a similar gain
« Better time resolution for a double-LGAD in respect to single ones




LGAD R&D for ALICE3

‘5 n n
e pesV! Timing performance VS Voltage + + |
Single & Double-LGAD
15 um 20 pm

120 70
310 e Double 15 pm a e Double 20 ym
c e Single 15 pm Back S 60 i e Single 20 pm Back
%OO Single 15 pm Front = I Single 20 pm Front
g 90 \“ 1 g | N
£ 80 T & >0 g
[} . @

70 T 3
£ } Rt £ 10 % e

60 “‘ 8 . \-\1.. = \..‘\‘ l L~ \\:

"B, ) T I~
° N o g
I | [= It

30 é. 1 e ? % ‘-"‘eu._- l 1]

20

10 10

90 100 110 120 130 140 150 105 115 125 135 145 155
V (V) V(V)

- Single LGADs: comparable time resolution for a similar voltage
- Better time resolution for a double-LGAD in respect to single ones



X [um]

CMOS-LGADICcHFJ=Garfield simulation

x [um]

g
28
< x
I=I=1 j:E 3
=1= =3
B2, -7 -
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(=]
F S
C 10
50—
-
- (=]
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C r
a0+
20
10+
c: T I T NS SR M 1 600(
0 100 200 300 400 500
[Viem]
—RITE T /)L (50um) 500¢
ZSE m—
ﬂ** — 400
205‘ High Resistivity Si
: =
15 |
C | g 200(
1o ylpm]
C 25um
L 100(
°
c: Coe b e e e e e v e L 1 Ix0? 0 0
0 100 200 300 400 5[4‘)2 : 0 0.0005 0.001 0.0015 0.002 0.0025
cm,

z [cm]

—RITTET L (25um) ZRITET I (x=50um)
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CMOS-LGAD(CMITTZG
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rfield simulation

4]

t
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2 ok - 3 45E Entries 500
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k=) r ] 0 Std Dev 0.02895
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CMOS-LGAD 49
MadPix

Monolithic CMOS Avalanche Detector PIXelated Prototype for ps Timing Application

First prototype with integrated electronics (LFoundry 110 nm)
and sensor gain ARCADIA pad sensor with gain
Active thickness: 48um

pwell

e Backside HV: allow full depletion = -25V to -40 V

e Topside HV: manage the gain =2 30 Vto 50 V

deep
pwell

8 matrices of 64 pixels each 64 x 2 analogue outputs _—t

4 flavours Pixels of 250pm x 100um i i
High Resistivity Si

Lucio Pancheri

Symmetrical




CMOS-LGADDS 1

L—hHhEWEERTIE, REIDFREDRVMEHEEDRNEXRE
L6, ARU—S2DTHRATUEDS E, EDANRD IS5 ZD0, BEEDL UL

LGADMCMOST&EiAHh U & — R {ETENIL, RiBORLAEICRD LR

CMOS-LGADODRFEZ#MELIZL\H (BEX(EGarfield simulationTDstudyZzX>> TLY
=, ADBWRWD TR T DDLU RO TEER) . I2/INT—HR0

A EhildELicunwh, BikbhsbnEEo !



CMOS sensor imaging calorimeter

44

ALICE FoCal

o 1002 2l

1 HG cell

FoCal-E

4 +

Longitudinal segmentation

\ absorber ‘l'. ayer m HG layer

Luciano Musa (CERN) | QM2023 | 9 September 2023

Shower separation in FoCal-E pixels

:F ALICE FoCal-E Pixel s
= ~FSPS H2 November 2022 " =
~80E300 GeV electron beam . o
-Layer 10 2 = —30 %
Ly ] S (% /'/
o 2 /  Similar approach is also
o £ considered for the EPIC BECAL
30:;— {,““ﬁ
20}
: PbSc Layer
10— /
%46 /

Pixel layers (ALPIDE)
interleaved with Si PAD |

\ Imaging Layer

28



ePIC ZDCLALICE-FOCAL

ALICE-FOCAL ZDC

*note: space for readout may extend the longitudinal length.

Total: 60 cm x 60 cm x 162 cm

FoCal-E FoCal-H

= 20 tungsten layers, with thickness of 3.5 mm = 11X, = length of 110cm
- 18 layers of silicon pad sensors, pad size = 1x1cm’ - copper "strawtubes” with 2.0 mm diameter
- 2 layers of silicon pixel sensors, pixel size = 30x 30 jm* - scintillating fibre with = 1.1 mm diameter

FoCaI- Ifi?(els FoCal-H

- ‘1. —
—g= '

FoCal-E Pads

« 18 layers Si pad sensors
« wafers of 9 x 8 cm?

+ pad size 1 cm?

« readout with HGCROC v2

FoCal-E Pixels

* 2 ALPIDE pixel layers

* Monolithic Active Pixel Sensors
+ pixel size of ~30 x 30 pm

« two tested prototypes (HIC,pCT) “ - "
Forah Crystal (PbWO,) W(/Si calo. Pb/Si calo. Pb/Sci. calo.
* 9 CwsCitiiatingifiber modules + Silicon Pixel layer 3 Pixel layers are inserted.

* towers size ~ 6.5 x 6.5 cm2

* length ~110 cm

« readout with CAEN DT5202




REFIREIT A b @EEFHRANS

TR R4
ePIC-ZDCTI(&. 14RITI10" - 10'2 neutron/cm? LA L DIRGTHRE
AI_l C E_FOCO |¥%ﬁ & ﬁ*%}g@ﬁ&%ﬂﬁb?% ;23 leakage current [uA] The I-V characteristics of the p-type MPD

* Before the irradiation Note: It shows only one way data
EEEH R AN S 2022/3/3 (The end of the 1st day) from OV to 1000V.
200 * 2022/3/4 (The end of the 2nd day)
» 2022/3/7 N

7Me\/|;%¥\ ] OOHA\ 6 X ] O.I 3 prOTon/S » 2022/3/10 6.38 x 1013 n. eq. |
150 *2022/3/14 V /
TZEL CHEDIRAERIFI00AEE e ‘;‘.‘@b"’ﬁ; e
/‘Mm‘

Be*%ﬂ"] D\BHElijQSMeVO)EF“rE?\ t%ﬁ"] D\B 100 after the irradiation) :
2cmT 108 neutron/cm?/si2E case gnore the data N
/ / > 50 |Pr: this viltagetrhanget .'.;.':A:;va/_'
‘.C

because of a wrong b

FoCal-E pad®dp-type/n-typedbaby- measurement ringe.
chip/MPD. ePICi&aAIOY X —SFH5aHH U .

}EHODAP D/S|PM%7__X I\ 0 200 400 600 800 1000

The bias voltage [V]

MPD (JUMKIZHE) . 71> 2D L5E. BE:ST
TEZ=SH—




LYSOD U R HF )L anER

837 )L—ThLYSOfERDO T O M1 et ds = &UE
LYSO%EIEEI\ S|PM§}EL|I:E|L/ LY (ph/MeV) Td;z./z;LY Dec(a:]ys;cime

SE2HATANE—L@RILAELPH pp—
0.89 cm 200 -1.98 14 (23%) 420

50 - 800 MeV BE":E? 110 (4%)
1.14 cm ELhtd -0.28 36 420

SER(ICE2EFT A ME—LA
LYSO EPWODLEER

SiPM & APDDEEER
FoCal-E Pad &fHAENDTE Rl 2.4-28cm >100 22— 400 440-460

(market standard)

1.59cm 40,000—60,000 50—150 520




Coverage

of ePIC

48

P(p,)

Detect only the scattered
lepton in the detector

very low Q?
scattered lepton

hadrons electrons
semi-inclusive DIS
scattered lepton
incoming lepton
medium X
nz . f:/v—rp
0 =90° %s N

V'S

uud

target nucleon :
String Bre aking

Detect the scattered lepton in
coincidence with identified

2.
< hadrons/jets

>

Bethe-Heitler photons
for luminosity

Luminosity Detector
Low Q2?-Tagger

A
particles from nuclear
—— >Z breakup and
exclusive DIS 7 from diffractive reactions
Detect scattered lepton, ZDC
identify produced + 5/ \$ —< Forward Tracking

hadrons/jets and target —
_ H,E,E,H(x,E,l) oo o
remnants P et v



Triggerless DAQ

EIC Physics demands ~100% acceptance for all final state &
particles (including particles associated with initial ion)

Scattered electron
Particle associated with initial lon
Particle associated with struck auark

Triggered: data is readout from detector only when a trigger signal is raised

T DAQ »

Bunch Crossing ~ 10.2 ns/98.5 MHz
Interaction Rate ~ 2 us/500 kHz

trigger

Triggerless: the detector push data at its speed and the downstream DAQ must keep the pace




Triggerless DAQ@ALICE 50

Asynchronous processing
~35TBls 750 GB/s 190 GB/s L
Detector | i SRR i i
----- > -———— - o ———— : ___‘_>: ;
_____ : . . .
Detector | : _____ o
_______________ - - -
..... . sy possge  CIE — =emess CIE
..... - R A . AODs
Detector | . B = =S .- K.
First Level Event Processing Compressed Time CTFs and Analysis
Processors Nodes Frames on Disk Buffer Object Data on

' 15 detectors | .-

2023-10-06 19:21:39

2t i . ae nr 2i8YaBq7eNy StfBuilder StfSender
Volume as predicted - TFBuider DPLin CTF Writer

544167

Acquisition with 364 Wi g o 11 74 7 GB 74 7 GB 744 cps 747 css 186 ca/s

RUNNING

“equivalent MI50 EPNs |



Triggerless DAQ@ALICE

Synchronous processing of TFData in EPN (250 EPNs, 2000 GPUs)

Raw data decoding

FLP

I TPC 28

TPC Reconstruction
EPN Data Compression, CTF Creation

TPC clustering,

Extraction of Calibration Data

[ TSIMFT | 'TS: MFT Event
clusterlng Selection

/ Input for calibration \
b T g =) S

J

(TR0}

TOF
compression

| FIT reco }

clustering

’LTOF digitization, |

J

MCH  }—»{ MCH Clustering

PHOS |}—»{  PHOS cells

|
([ EMCAL | EMCALcells
|
|

CPV  }=»( CPV Clustering

| HMPID }

[ MID digits |
( zDC digits

CTP

v

v A 4
Residuals for LHC Clock
SCD calibration ' | phase

TRD calibration | CCDB
Varitt, To, ExB

Synchronous Processing

computing time [usec]

104

ol

TPC tracking in

GPU = NVIDIA GTX970

CUDA 7.5, 8.0 GPU (2015)
Fed O cPU
= |

L1 1 1 | 1 O ] 1 L1 1 l | Wb K | l Ll L1 l | M L 1 ] l § l VLR I |

50 100 150 200 250 300 350 400
# of tracks (x160 = # of hits)

TPC Tracking




Triggerless DAQ@LHCb

Vertex
Locator/ _ 7

Sm 10m I5m

pP-p bunch crossing rate: 30 MHz

LHC bunch crossing (30MHz)

DETECTOR READOUT

PARTIAL RECONSTRUCTION (HLT1)

REAL-TIME ALIGNMENT &
CALIBRATION

FULL RECONSTRUCTION (HLT2)

Offline reconstruction and it
N 26% FULL
. associated processing
68% TURBO & , e — )

real-time analysis

Offline reconstruction and
associated processing

6% CALIB




Triggerless DAQ@LHCb
l £ ( L b S & % & o=

VelLo RICH uT SciFi Calo| | Muon ﬂ]}

RN EEREEEEEEEE ~2000 full-duplex
11000x half-duplex DAQ links (Versatile Link / GBT @ 4.8G, 300 m) control links
32 Tb/s i (Versatile Link)
Experiment
! } i 1 i 3 : i 1 : Control
; { { b System
A : 2 (ECS)
32Tbls | Event Builder | Timing
: Network g and Fast
; (InfiniBand 200G) S Commands
E bl (TFC)
v E P
1 Tb/s f
\J Buffer storage
Network
(Ethernet 10G/100G)
1 Th/s
Y

Event filter second pass (up to 4000 servers)



Triggerless DAQ@CBM

CBM: a fixed target, DAQ room: Green IT Cube: online
high interaction rate, data pre-processing event selection

heavy ion physics on FLES entry cluster and storage
experiment

A .
/
10 beam particles/s \ '

1 % target (gold) 15.000 optical
=> 107interactions/s connections




Streaming DAQ@ePIC

100 Thps 1 Tbps

Network
Switch

FELIX FLX-182 from ATLAS/Omega group at BNL
Versal Prime FPGA, PCle Gen4x16,
24 FireFly links@25Gb/s (next version has 48 link capability)

FLX-182

100 Gbps
4 \
Online Buffer Box
Data Filter Buffer Box
Online Buffer Box
Data Filter Buffer Box
Online Buffer Box
Data Filter Buffer Box

GPU-based online processing

T e—

uuuuuu




Current activities — | for ePIC

Al/ML based-online processing on FPGA (his4ml) for MAPS Si layers

)3 —

FIxy b7 =7 DOFANE

- 11—

250
200
150 J_
AN
K4
100 %
50
LA T L 1 L
1.6 1.8 2.0 2.2 2.4
ELWEFHE
(GeV/c)
Performance Estimates
« Timing
o Summary
Clock |Target [Estimated [Uncertainty
ap_clk|5.00ns| 4258ns|  0.62ns
« Latency
o Summary
Latency (cycles)|Latency (absolute) [Interval (cycles)

4 4/20.000 ns{20.000 ns

1 /function




Current activities — | for ePIC

Al/ML based-online processing on FPGA (his4ml) for MAPS Si layers

[Y. Corrales Morales, RHIC AUM 22, link]

Silicon Strips:
78um x 16mm (A)/20mm (B) INTT

FPGA based data filter for sPHENIX and EIC

Produce real-time selection of HF events: hit input = clustering - seeding—> trak reco = displaced vertex tagger

Raw Pixels

Pixel Clustering

Track Construction

Affinity Matrix Prediction (Track Graph) Trigger Detection

Jin Huang <jihuang@bnl.gov>

QNP2022 - Al in Streaming Readout 14



Current activities — |l for ePIC

SPADI-Alliance collaboration

SUAD! Alliance

Signal processing and data acquisition infrastructure alliance

Standardization of streaming DAQ in many facilities (RIBF, J-PARC, etc)

Framework for streaming DAQ/Computing based on FairMQ and Redis

L

Beamtest at J-PARC
Physics run at RCNP

DAQ controller

redis
e | | (| e
— s
e — | »Web arowb
N~
e St |5+ —{ =messw ——inlabdaq05 (DAQ)
L » AMD Ryzen 9 3900XT 12-Core Processor @ 3.8GHz
Frame-euiser ———»| > eeesw | + Memory 128GB
|
v Frame Buscnr —1——» bl ewnomon | Two server PC configuration
— + DAQ
-Frame-Budder ——b or —> vent-Buider — . F” rV r
¢ ) e serve
5
| (Fenmama]—
P =l DAQ-PC 1
AMD Ryzen 9 3900XT
i—>» Ewntsuce —— | 12-Core Processor @ 3.8GH.
Memory 128GB

™dino-1 (File server)

‘‘‘‘‘‘‘

+ Memory 240GB

‘‘‘‘‘‘‘
DAQ-PC 2 (File server, )
Intel(R) Xeon(R) CPU E5-2697

v2
48 Core @ 2.70GHz
Memory 240GB

nestDAQ (network based streaming DAQ)

Using nestDAQ at JLab under discussion

‘‘‘‘‘‘‘

Intel(R) Xeon(R) CPU E5-2697

Data flow monitor by Grafana

RUN umber

State Summary

i | [tistoqram view by Siowtash ] | =

Data flow monitor by SlowDash ‘

[ DAQ control




Current activities — lll for ePIC

Preparation for the beamtest of E50 at J-PARC in April and May
E50 could be one of the testbeds of streaming DAQ for ePIC

Deployment of GPU data processing

Server PC

DAQ rack

<G

§ K1.8BR setup | T0 — SubTimeFrameBuilder

7

7
Beam RICH —— SubTimeFrameBuilder

Fiber Tracker

(in front of target) —— SubTimeFrameBuilder

Fiber Tracker

(behind target)y — SubTimeFrameBuilder

DC (behind FT) —— SubTimeFrameBuilder

DC (forward) —— SubTimeFrameBuilder

DC (Barrel)

TOF (forward)

TOF (Barrel RPC)

RICH (agel)

RICH (agel, gas)

P, T, Gas, etc

—— SubTimeFrameBuilder

— SubTimeFrameBuilder

—— SubTimeFrameBuilder

13 GB/s

Coincidence

TimeFrameBuilder

Coincidence

clustering (TO) -9

clustering (x, dt) -

clustering (x, dt) =

clustering (x, dt)

clustering (x, dt)

1.3 GB/s

Beam tracking
(see if reaction
happens)

1st stage (local reco)

Event builder

clustering (x, p.e)

v

local clustering (x) --

local clustering (x) -

local clustering (x) -

A

Association and
Correlation
analysis

(Reject
backgrounds )

P> local tracking

2nd stage (global reco)

~p Pre-vertexing -

Full Vertexing

Full tracking

P local tracking --

Momentum
Analysis

‘P local tracking -

» PID Analysis

—— SubTimeFrameBuilder clustering (x, p.e)

—— SubTimeFrameBuilder clustering (x, p.e)
el File Sink t

—— Datab Datab.

File Sink,, Monitor

File Sink

—— Calibration



SRDFIE

nextDAQZ%Jlabdbeam dump experiment (dark photon search)(CIitH
Timeframe data MOnline data filtering

DAM (Versal FPGA) Cdfiltering (local reconstruction)

GPUTOfilterin (global reconstruction)

simulationlc &Kdbenchmarking &resource estimate
E50T®dDonline filteringD:it5&

ES50TCOEERMNEDEFePICICHFEMNENS (&FHH)
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