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Study of gluons at the Electron lon Collider
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Study of gluons at the Electron lon Collider
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2020 EIC Users Group Meeting (Jul 15-17)

Silicon Vertex Tracker at EIC (Sep 2-4)

2020 EIC Users Group Meeting

1517 Juy 2020 SILICON PIXEL-BASED PARTICLE VERTEX AND TRACKING DETECTORS
i TOWARDS THE US ELECTRON ION COLLIDER WORKSHOP

Jefferson Lab

“Ifl BERKELEY LAB
B UNIVERSITY silicon pixel-based particle vertex and tracking detectors
sttt towards the US Electron lon Collider Workshop




EIC Detector Requirements

EIC detector requirements

0.5

Tracking Electrons wK/p PID HCAL Muons
n Nomenclature
Resolution Allowed X/Xo Si-Vertex Resolution og/E PID p-Range (GeV/c) Separation Resolution og/E
-6.9 —-5.8 low-Q2 tagger 56/8 < 1.5%; 106 < Q2
<102 GeV?
Aucxiliary
1 p/A
45— -4.0 Detectors | |nstrumentation to
separate charged
-40—-35 particles from photons
3.5 —-3.0 2%NE
B0=25 Op/p ~ 0.1%xp+2.0%
25—-20 TBD <7 GeVic ~50%NE
20—-15 Op/p ~ 0.05%xp+1.0% ,
7%NE T suppression
-1.5—-1.0 up to
10—-05 e
"o
-0.5 — 0.0 c | doo(xy; ~ SO(HT
entral ~ N z) ~ do(re) ~ -0.5
00—05 Detector Barrel 0p/p ~0.05%xp+0.5% | ~5% or less 20/pr GeV' um 4
5pum
05—1.0
10-—-15
1.5 —2.0 Op/p ~ 0.05%xp+1.0% (10-12)%/E
20—25 TBD
25—-38.0
3.0 —35 Op/p ~ 0.1%xp+2.0%
35 —4.0 Instrumentation to
separate charged
40 —45 particles from photons
te Aucxiliary
Detectors
> 6.2 Gintrinsic(11)/1tl < 1%;

Proton Spectrometer

Acceptance: 0.2 <pr<
1.2 GeVic




Silicon detector for heavy-flavor measurements

Ve, hadronic calorimeters e/m calorimeters
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D° Decay detail

Primary Vertex

3T solenoid cryostat I magnet yoke

silicon trackers - GEM trackers




ALPIDE for ALICE ITS2 and sPHENIX MVTX

n
LHC LS2 .
2019-2020 Si-Vertex
o Current ITS Upgraded ITS (ITS2) 69— 58
« 6 Layers * 7 Layers
— 2 Silicon Pixel — All Silicon Pixels
— 2 Silicon Drift - ?:/lﬁpfh_Tichnology =0
_ 2 Sili i — Lhip thickness -4.0 —-3.5
2 Silicon Strip — Inner 3 layers : 50pm
— Outer 4 layers : 100pm 3.5—-3.0
-3.0 —-2.5
Improvement of =30 8D
Impact Parameter Resolution —
— 400 T
E R ] (|| IuigE 45—-1.0
. . . . H \
MAPS (Monolithic Active Pixel Sensor) Technology — \ Sorbl 16 dia —
« Material Budget X : 1.14%X, — 0.3%X S 300N i i 0500 || Jox~20 .
g . oAo 2 /0A0 2 250 h b : = || do(z) ~ do(rep) ~
@ X6 / 0.0 — 0.5 | 20/pr GeV pm +
& 5
gzzg - ’ e
£1 /ﬁ-—
% 00 Nz N.":l -‘uﬂ*-& ﬂ“ =15
al i ] ‘# 15—20
In-Pixel Circuitry ALPIDE sensor 50 s i‘m_" 20—-25 TBD
180 nm Tower Jazz 0 == 25—30
Eptaol Loyer 28 x 28 um? pixel pitch 10 ! b, (GeVrc) s50-35
Substrate ~ 5 IJ,S Integ.ratlon tlme 35—4.0
Power density 40 mW cm? ATOE=YaTS
50 kHz interaction rate (Pb-Pb)
Simple Schematic for Silicon Pixel Detector : :
‘ o 200 kHz interaction rate (pp) NeD
‘ "‘lﬂ?\*e\

Interaction frequency = 50 - 500 kHz < integration time down to 2 us 7



rg pointing resolution [um]
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Recent silicon technologies (ultra-thin wafer-scale sensors) allow

Truly cylindrical

vertex detector
Pl

Beampipe

Eliminate active cooling = possible for power < 20mW/cm?2

0.05% x/X, per layer

Pipe:r=16mm , AR=0.5mm
[0:r=18mm, L1:r=24mm. L2:r=30 mm

Eliminate electrical substrate => Possible if sensor covers the full stave length

Sensors arranged with a perfectly cylindrical shape = sensors thinned to
~30um can be curved to a radius of 10-20mm

ALICE ITS3

Silicon Genesis: 20 micron thick wafer

END-WHEEL (Aside)

END-WHEEL (C-side)

Open cell
carbon foam

Specifications

Parameter ALPIDE (existing) Wafer-scale sensor (this proposal)
Technology node 180 nm 65 nm

Silicon thickness 50 pm 20-40 um

Pixel size 27x29 pym O(10x 10 pm)

Chip dimensions 1.5x3.0cm scalable up to 28 x 10 cm
Front-end pulse duration ~5ps ~200 ns

Time resolution ~1ps < 100 ns (option: <10ns)
Max particle fluence 100 MHz/cm® 100 MHz/cm®

Max particle readout rate 10 MHz/cm? 100 MHz/cm®

Power Consumption 40 mW/cm?* <20 mW/cm?® (pixel matrix)
Detection efficiency >99% >99%

Fake hit rate

< 107 event/pixel

< 107 event/pixel

NIEL radiation tolerance

~3x 10" 1 MeV neg/em?

10" 1 MeV neg/cm?
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10°
— ITS2 standalone — ITS2 standalone
——= ITS2+TPC === ITS2+TPC
© ITS2 standalone (full MC) © ITS2 standalone (full MC)
— ITS3 standalone — ITS3 standalone
=== ITS3+TPC E === ITS3+TPC
©  ITS3 standalone (full MC) 2107 ©  ITS3 standalone (full MC)
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M. Mager | ITS3 kickoff | 04.12.2019 |



KoALICE contribution to the ALICE ITS2

Production of ALPIDE

Raw Wafer QA

1500 raw wafers Raw Wafer Production TMEC (Thailand)

CMOS Manufacturing Wafer Probe Testing
TowerJazz (Israel) CERN

1200 CMOS wafers

Imaged Wafer

Thinning & Dicing Wafer Probe Testing

60 000 chips FUREX (South Korea)

Chip Test Sites

FUREX (South K :
e (South Korea)

CER‘I‘\I\ \ Pusan/Inha Yonsei

Chip Test and IB HIC Assembly Chip Test and OB HIC Assembly  Chip Test
50pum ALPIDE 100pum ALPIDE 100um ALPIDE
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