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. BLICE
Outline

* Overview on ALICE detector upgrade programs
* Ongoing detector upgrade during LS2
* Further detector upgrade for RUN4

 Summary and outlook
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LHC timeline for ALICE b ALICE

Ions
Commissioning with beam
Hardware commissioning/magnet training
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Major detector upgrades
o .
during LS2 ITS3 and FoCal for LS3 to further

ALICE strategy for Run 3 + Run 4:

enhance ALICE physics capabilities

50 kHz Pb-Pb interaction rate (Run 2 <10 kHz)
Collect L, p, = 13 nb!

ALICE physics goals driving the upgrade requirements — rare probes and high precision

Heavy-flavour hadrons (down to very low p;) & mechanism of quark-medium interaction
Charmonium states — dissociation/regeneration as tool to study de-confinement and medium temperature
Dileptons from QGP radiation and low-mass vector mesons — y symmetry restoration, initial temperature and EOS

High-precision measurement of light and hyper-nuclei —» production mechanism and degree of collectivity
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Ongoing Major detector upgrade [new inner tracking system (ITs) ~
N Fast Int tion Tri (FIT) Detect -CMOS pixel, MAPS technology

ew Fast Interaction Irigger etector.. -Improved resolution, less material, faster readout
-Centrality, event plane, luminosity, interagtion ———— =
time .~ '

»
= “Ill"" l"’l
-

with our contribution

New TPC Readout Chambers (ROCs)

-Gas Electron Multiplier (GEM) technology
-New electronics (SAMPA), continuous readout ‘V t

Readout upgrade Integrated Online-Offline system (0?) New Muon Forward Tracker (MFT)

-TOF, TRD, MUON, ZDC, Calorimeters _Record MB Pb-Pb data at 50 kHz -CMOS Pixels, MAPS technology
-Vertex tracker at forward rapidity
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ITS upgrade during LS2 (ITS2)

Improving tracking performance at low p;

» 7-layer barrel fully equipped with dedicated
Monolithic Active Pixel Sensors (MAPS): ALice Plxel
DEtector (ALPIDE)

* Inner Barrel
* 3 lnner Layers (48x 9-chip Staves)
* Material per layer: ~0.35% Xo
 Quter Barrel
* 2 Middle Layers (54x 8-module Staves)
e 2 Outer Layers (90x 14-module Staves)
e Material per layer: ~ 0.8% Xo

Half-Stave

* Radial coverage: 23 — 400 mm

* mcoverage: [n| £1.3

* Total active area about 10 m?

e 24,000 pixel chips (12.5G pixels)
e Spatial resolution: 5 um

Space Frame

-

Cold Plate
Module Plate
Pixel Chip

Flex Printed Circuit

Space Frame
w2, Cold Plate

Pixel Chip

Flex Printed Circult P Bus



A Large lon Collider Experiment

Muon Forward Tracker (MFT) ALICE

Add precise vertexing capabilities to muon tracking at forward rapidity Tracker Trigger

MFT

% H ! E Frontal I

10 Half-disks — 2 detection planes each
Absarber

Disk 2

Disk 3

MFT doses
< 300 krad Disk 1
< 2x10121 MeV neg/cm?

Dipole

Disk 4 Iron Wall

(z=-76.8 cm)

Based on same MAPS as ITS upgrade
2212 chips in total

5 disks with 2 planes on each disk
Enables better matching to vertex

Disk 0
(z=-46 cm) B g

Charm/beauty separation possible
Improved mass resolution
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Th e ALP' D E SENSOI |the core of the new ITS and MFT IB&MFT: 50 um thick

Pixel Sensor produced using 0.18um CMOS Imaging Process

OB: 100 um thick ALICE

30mm

NWELL NMOS PMOS ALPIDE
DIODE TRANSISTOR TRANSISTOR e
| ) ) @
PWELL PWELL NWELL
N, ~ 1016
DEEP PWELL
hf——==
) € €~ S 1
h/h [ e

Epitaxial Layer P- [ N . b

High-resistivity (> 1 kQ) cm) p-type epitaxial layer (25 um) on p-type
substrate

Small n-well diode (2 um diameter), ~100 times smaller than pixel
=> low capacitance (~fF) and low noise

Reverse-bias voltage (-6 V < Vg < 0 V) to substrate (contact from the
top) to increase depletion zone around n-well collection diode

Deep p-well shields n-well of PMOS transistors

High speed serial
data output (HSO)
*OB: 400 Mbit/s
¢|B: 600 Mbit/s or
1.2 Gbit/s

Pixel Matrix: 1024 cols x 512 rows
Pixel pitch: 29 um x 27 um

Ultra-low power: ~40 mW/cm?
Event-time resolution: <4 us
Detection efficiency > 99%

Fake hit rate << 10%/pixel/event
Space resolution: 5 um

Max particle rate: 100 MHz/cm?
Trigger rate: 100 kHz Pb-Pb, 1 MHz pp
Continuous or triggered readout
Radiation tolerant: > 270 krad TID, >1.7x1012
1 MeV n.,/cm? NIEL 7
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ITS upgrade status

N

DAQ station

& Vision_1: Run Control

Module Panel Scale Help
2 0 0 NS & ¢

CRU Selection  RunType &
dist_1:L ITOP Reedcotreat =

P Configuration taxt box
Options ¢

—<configure_from_file config/threshold_tuned_ibt_100e_0Ov_run100769.json

e -

START RUN STOP RUN

CONF Done configuring stave 8

CONF Done configuring RU 8
CONF Done configuring stave 9
CONF Done configuring RU 9
CONF Done configuring stave 10
CONF Done configuring RU 10
CONF Done configuring stave 11
CONF Done configuring RU 11

CONF Done configuring stave 12

Inner and outer barrels fully assembled and under test on surface

DCS

e
g

Track reconstruction software

QC analysis

i P ==
NS

o < [ALICE

»
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ITS upgrade commissioning - IB

Tuning threshold by adjusting frontend parameters

Row [px]

511

0

~28 million pixels (= 3072 x 9216)

before

Column [px]

ooooooo

nnnnnn

000000

tuned

untuned

Fake-hit rate [/pixel/event]

G
Threshold [DAC]

Fake hit rate vs threshold

Row [px]

Achieving uniform response across the detector x

0

511

0 1023

~28 million pixels (= 3072 x 9216)

Column [px]

after

10-3

10—6 4

107? -

10-8 4

1072 4

lo—]l} -

IBT (111 MPixel), VBB=0V —— no mask

(runs 101877-101965) —— 100 masked
—— 500 masked
—— 1000 masked

—— 2000 masked
—— 5000 masked
10 000 masked

10-11 T T }
80 90 100

110 120
Set threshold [e]

T T T
130 140 150

Achieved <101 /pixel/event by masking a small

fraction of pixels

Study cluster and track parameters
and alignment via cosmic rays

1 week of shift operation (1400 cosmics)

Cosmic tracks in one half layer of the Inner Barrel

9
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ITS upgrade commissioning - OB

13 23, 14 29,15 41, 16_47 Eta-Phi (n.0) dead ¢hip map - superimposed OB layers
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Threshold and noise after tuning an OL stave (~100 M
pixels) compared to test data from a single chip

ALTCkE
All OB staves
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Offline masking
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Fake Hit Rate / Pixel / Event e—10

Fraction of pixels masked (w />1e-6 hits/event)

Resulting noise performance: FHR < 2 X 10-19/pixel/event
— Well below requested FHR 10 /pixel/event

OL Stave: 196 chips, 108 pixel

: Example threshold map

13
IMa
" LA

1433 2154 #07
P 15

Example noise map (hits enlarged by a factor of 50)
9

Quter Barrel

s A23E 3524¢ e 2018

Fake-hit rate < 109 /pixel/event masking less than 200 pixel/chip (average ~50 pixel/chip)
Threshold tuning to 100 e-working to 2 e- precision {on-chip spread: 20 )



MFT is fully assembled and integrated with FIT, ready for installation
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MFT status
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ALICE detector upgrade for LS3 RLICE
ITS3 FoCal

Cylindrical
Structural Shell

Half Barrels

* |ITS3: Replace the 3 inner layers with three truly
cylindrical layers based on curved ultra-thin

e Add a forward calorimeter
(FoCal)

Sensors e Constrain the gluon nPDF at
* Closer to beam pipe: 23518 mm small Bjorken x via
e Less material: 0.35 % — ~ 0.03 % Xo o measurement of direct photon

* Resolution improved further by factor of 2 at forward rapidity 5
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R&D activities for ITS3 sendable FRC ALICE

Bending ALPIDE

ﬁ‘ :
\l: L;“l ........

: 4 100 um-thick Kapton = G a s
Tension wire . /\ 50 um-thick ALPIDE

) AL reqey
" a NO9S2-
S ] I
5 ——— /=
=y

R
3

- 3 -
i ]
%

A

' R=18 mm jig

e

m)

Wire-bonding after bending

13
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Bent chip electrical test

. 50 pm-thick ALPIDE
(sandwiched between two Kapton foils)

» —

ixels / 5e”

X
o

40000
35000
30000
25000
20000
15000
10000

5000

o

E ALICE ITS3 Preliminary

|~ Effect of curvature on pixel thresholds

I~ for 50 um ALPIDE on carrier board

- 2020-05-27-003

= flat

— o bentto 16 mm

— curvature radius

. L | L Y 1 Il 1 Il 1 1 1 1 Il . | - L J. L 5- L L

0 50 100 150 200 250 300
Threshold (e )

The curvature effect is not noticeable on:

pixel thresholds, FHR, pixel responsiveness
tested down to below nominal bending
radius

14
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RALICE
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Fig. 10: Inefficiency as a function of threshold for different rows and incident angles with partially
logarithmic scale (107! to 107%) to show fully efficient rows. Each data point corresponds to at least
8k tracks.

* The chips just continue to work

| _'_' %3 ‘ ' * The efficiency shows >99.9% at
s i o 20 & 7 = T rsrror - nominal 100 e threshold
) ™ z N\ __,b,*"‘;\‘:'
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Wa

fer-scale sensor R&D

— — — — A
) =" 0" Hid O id
5 =i LAl il h
5 o || WM LM M G
8 |
T poe Mt - 111 E
= ([0 (W 1 11 IRUE
ol M 1 1

5 . 4 . 4 . 4 L 4 \

* Starting from ALPIDE architecture .

Porting to 65 nm technology node
— smaller pixels (10 um x 10 um) —
— larger wafers (300 mm instead of

200 mm)

Y

280 mm

Basic building block of 15 mm
height

to be repeated n times in
vertical direction to obtain
the sizes needed per layer

First 65 nm prototype
submission imminent

I| =
B et el bl

H e

1

lllllllllllllll
llllllllllllll

* Content:

- Transistor Test structures
- Analog Pixel test chips
- Rolling shutter matrix

- smaller building blocks

ﬁ
I“Tllhuillﬂllm I

ALICE

* @Goal: verification technology for:

- radiation hardness

: 6
- charge-collection proper%les
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FoCal for LS3 . FoC

9207

7000

6700

Compensator

IP EM and DIS measurements

A102: T T TTTTIT T TIIIIHI T Tllllll] T TTIHW T T 71T TTT] T TTTT :
% C nge‘y ’
S I ]
g |
10 —
EIC2 ]
. NMC/EMC
* 7 m away from the nominal IP V. < __ 4.
* Pseudo-rapidity coverage of 3.2 -5.8 -
— =~ —
 To explore small x physics hé T~ ]
- Q) .
i | IIIIIII| 1 1 IIIIH‘ \HIII| r 1 IIIHIi L1 IIIIII| 1 IIIIIIT
10°° 107° 107 107 107 107" 1
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FoCal-E design

high granularity electromagnetic calorimeter for y and n® measurements

1 mm

Transverse segmentation 17

I
LG cells :i:i
|

11
TTTT1

NN

1 HG cell

Longitudinal segmentation
0 1 2 3 4 5

-~

‘ absorber ‘ LG layer ‘

e Studied in simulations 20 layers:
W(3.5 mm = 1X0) + silicon sensors

* Two types: Pads (LG) and Pixels (HG)
— Pad layers provide shower profile

— Pixel layers provide position resolution to resolve
shower overlaps

* Main challenge: Separate y/n° at high energy
Two photon separation from n® decay (p; = 10 GeV/c,

n=4.5) ~¥2 mm

Needs small Moliere radius and high granularity

readout

i

RLICE

Si-W calorimeter with effective granularity = Imm?

Longitudinal profile (2y showers)

B n° Geant4 simulation Longitudinal Profile

- . . - - - = a = a = =

- - =~ I = I Ny Y| = O O O o o o
o - o @ f Ell[s0&oO[eaEOEEEEE | §
S = 00 = [=o]o|e 8 EEEe|E0[ME= = @ S,
> L @ o0 B ® T @ O OO0 = @ = >

— logB) - . . = o (] a -

| E=450GeV «—»

y=45p =10 GeV/c — ]
-5 o eix -
— 1 number L X X N X |
0 5 10

z [em]

Further optimization left for TDR:

* Location of pixel layers

* Number of pad layers

* Sensitive area at front for CPV/elD

Trans. profile

4 _ n° Geant4 simulation

Fid
"0

Transverse Profile

] o @, s

[ ", Oy5Y -0
L o B
i » ‘J%E;
i W,

18
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FoCal-E detector Integration esign of detector module ALICE

45¢cm X 8cm

FoCal module layout 20 layers

vodhem e e
o8 08 « module of =~ 18 pad layer and 2 pixel layers
_a5 o8 0B e sensitive area: 45cm x 8 cm
Y= cm )

use edge of detector for services
X =-45cm X =45 cm » designed to be stacked vertically for full
detector setup

Design of single pixel layer

* single metal layer with cooling pipes
* full area coverage with 2 x 3 chains of 15 ALPIDE
sensors

19
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Pixel layer R&D

Total length of string ~50cm

100

RALICE

Schematic diagram of the electrical
interconnections for IB/OB combination

SubString OB (7 ALPIDEs)

bt [ bt [ | b

}_

DATA OB
CTRL OB&IB

CLK OB&IB

CTRL
= . - | _[IDATA O]

T
T
T
]
I CIK
|
|

160001000

S

i pos 14 | pos 13
i 0x06

b0000110:60000101

pos12§pos11 pos10: pos9 : pos8 | pos7 : pos6 : pos5 pos 4 pos 3 i pos 2 pos 1 :
i 0x03 i 0x02 | Ox01 { Ox00 ; Ox16 i Ox15 i Ox14 { Ox13 i Ox12 | Ox11 i Ox10 :
b0000100:b0000011:b0000010:b0000001:b0000000:b0010110;b0010101:b0010100;b0010011:b0010010:b0010001: b010000 :!

| ohn

100
| Ohmq_l
|

Epos 15 pos 14 pos 13 pos12 épos11 jpos 10 pos 9

00110100:60110011160110010:b0110001 ibo11oooo=bo1oo1oo§bo1ooo11 1b0100010/50100001{50100000j50010100/60010011{0010010:500100010010000:

[

pos 8 : pos7 pos 6 | pos 5
H H I

pos4 | pos3 | pos2 i

tring OB 2 (SALPIDEs)  __SubString OB 1(SALPIDEs) _
f—==HS DATA OB3
—HS DATA OB2
S—=ocil - .
Lo G — Schematic diagram of the electrical
DATATGIE] ] bAﬁ[\[oml =] | . .
: e ! interconnections for OBs only
[ S || ) P | | B2 2 |
[ !

t* Nextimportant step: get prototype ready
' for testbeam(s) in 2021/22
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Summary and outlook ALICE

* Major upgrade of ALICE detector undergoing to take advantage of the luminosity increase in Run 3 & 4.

 We areinvolved in ITS2 and MFT
ALPIDE chip R&D

OB HIC production completed
Commissioning of ITS2 is ongoing
MFT PCB production completed

e Active R&D on ITS3 and FoCal for detector upgrade for RUN4 to enhance its physics capabilities.

* We are involved in R&D of wafer-scale sensor for ITS3
* first prototype submission is imminent
* Pixel layers to FoCal-E under R&D

* Outlook: A nearly pure silicon detector for RUN5 (beyond 2030)

“ALICE3” Iayout Shower Pixel Detector (SPD) ore. o
S Increase rate capabilities (factor 50 wrt to ALICE RUN4)

W — large acceptance, fast tracker based on wafer-scale MAPS

— 0.05% Xo/layer

— PID by TOF in Si layers
— electron and photons: pre-shower detector, converter

_insert-able

conversion layer .
e Access doubly and triply heavy-quark hadrons
* Precise dielectron measurements

— e Soft and ultra-soft photons
21
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RLICE

Thank you very much
for your attention !

22
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ALICE detectorin RUN 1 & 2 , ALTCE

Central

barrel
-0.9<n<0.9

T B v

—_— -

HMPID Uiy
'y
/&

HEEE b=
PR

* Designed to cope with very high charged particle multiplicities

* Excellent tracking and particle identification of charged particles over wide p; range
23
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' ‘© 500l ALICE Pert 2018, PbPb {5y = 5.02 TeV 1 2
ALICE running status D ey 7 Vo "+ & BLICE
¥ 180 Delivered luminosity: 0.908 nb™ 1 B
o 160: Min Bias: 159M 7 é
idi 2 — Cent. 0-10%: 133M 1. . E
I Year VSnn Inte.grat(.ed = - Mid-cent. 30-50%: 118M —0-82
System (TeV) Luminosity 3 140 1 2
© — b
2010,2011  2.76 ~75 ub? 8 120~ Tos
Pb-Pb 2015 5.02 ~250 pb-l % 100 |
2018 5.02 ~1 nb 80 o4
Xe-Xe 2017 5.44 ~0.3 ub? 60— :
2013 5.02 ~15 nb' 40— -2
p-Pb 5.02 ~25 nb? 20 ]
2016 8.16 ~3 nb- ] | | | 0
' %8 Nov 15Nov  22Nov 29 Nov
0.9 ~200 pb’,
2.76 ~ 100 nb'.
2009-2013 . ~1.5 pb-l Pb-Pb 2018 run
pp 8 ~> 5 pb_l’ —0-10%: ~ 9 x 2015
' 1 —30-50%: ~ 4 x 2015
e 1.3 pb’ ~ Minimum Bias: ~ 2015

2015-2018 13 ~45 pb1 2 X
24
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Noise and threshold performance A TOE

7'
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Threshold and noise after tuning for an OL Stave (~100M pixels) compared with a single chip test data 2¢
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Simulated ITS2 performance ALIGE

* Pointing resolution improved by a factor of 3 and 5 . Standalone tracking efficiency improved
in rg and z direction for 0.5 GeV/c &t significantly at low p;

£ 4% e T TTTTALCE

= S A S » |
350; N Curren;ITS (data) -
300 _ .......... \:\ Upg rade f éFFS ................ _

250 _r(p ............. ...... : _— .......... _
0t N B
15O;mmé __________ éi_ _____ é _______ é gg é _________________ é __________ é%
1000 X N e
50/ __________ AN ____________ ....... - _________________ ..........

0t Lol Lt T ]

10 1 10 ! 1 1
P, (GeV/c) P, (GeV/c)

Pt ! e : R

—

-

o
I

T T T T T T T T T T T T T T T

(0 0]
o

)]
o

N
o

Pointing Resolution

N
o

Standalone tracking efficiency (%)

* Physics goal: improve heavy-flavor physics studies through low momentum track reconstruction
27
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From chips to staves: IB

Inner Barrel HIC: 9x 50um-thick ALPIDE chips wire-bonded to FPC

* <radius>(mm): 23, 31, 39
* Nr.staves: 12, 16, 20

* Nr. chips: 432

* Readout speed: 1.2 Gbps

RALICE

Chips read out separately

Clock, control, data, power lines wire-
bonded to aluminum FPC

Produced at CERN with 73% vyield

27 cm length stave

Hybrid Integrate

Tilted staves with overlap
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From chips to staves: OB

Outer Barrel HIC: 14x 100um-thick ALPIDE chips (2 rows)

* Data and control transferred through 1 master chip per row

* Chips wire-bonded to copper FPC

* Power delivered via 6 cross-cables soldered to FPC

* Produced at Bari, Liverpool, Pusan/Inha, Strasbourg and Wuhan

M

e HIC alignment on cold plate

e HIC-to-HIC (4 for ML and 7 for OL)
interconnection soldering

e Two half staves on space frame

* Power bus installation

* Readout speed for OB: 400 MB/s
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Breakdown of MFT structure

RALICE

Sensors

Half-Disks

Power Supply Unit

| / ' Mother Boards

Half-MFT cone

CCNU takes charge of PCB design, layout and production.
e Status: Completed in 2019 30
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Simulated MFT performance for TG
charmonium measurement

0.0 <p." <10.0 GeV/c MUON + MFT 0.0 < p" < 10.0 GeV/c
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& 2,
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ITS3 layout

Beam pipe Inner/Outer Radius (mm) 16.0/16.5

IB Layer Parameters Layer O Layer 1 Layer 2
Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 300

Pseudo-rapidity coverage +2.5 2.3 +2.0
Active area (cm?) 610 816 1016
Pixel sensor dimensions (mm?) 280x56.5 280 x 75.5 280x 94
Number of sensors per layer 2

Pixel size (um?) 0 (10 x 10)

» New beam pipe:

RALICE

- “old” radius/thickness: 18.2/0.8 mm
- new radius/thickness: 16.0/0.5 mm

» Extremely low material budget:

- Beam pipe thickness: 500 um

(0.14% XO0)

- Sensor thickness: 20-40 um
(0.02-0.04% XO0)

» Material homogeneously distributed:
- essentially zero systematic error

from material distribution
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e Removal of water cooling
10 20 30 40 50 60 — possible if power consumption stays below 20 mW/cm:

Azimuthal angle [°]

o
'—I
o

o
o
O_

e Removal circuit board (power+data)

— possible if integrated on chip

e Removal of mechanical support

— benefit from increased stiffness by rolling Si wafegrgs

* Observations:
— Silicon makes only about 15% of total material
— Irregularities due to support/cooling and overlap
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Implementation ALICE

. Average: 40 mW/cm2

— Possible below 20 mW/cm?
— Studied in the context of ITS2

— Achievable if periphery outside the

Wafer-Scale

. . \
fiducial volume =
. gz
* Wafer-scale chip o3 P
— Stitching to overcome reticle size limit § B Pixel Matrix 3
. : o
— Chip spanning half or full stave length % o
— Neither support structure nor 2
electrical substrate necessary = !
* Thinning and bending - 280 mm

— Currently 50 um (25 um active volume)
— Below 50 um, Si wafers become flexible,
“paper-like”
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Mechanics layout ALICE

Cylindrical
Structural Shell

Half Barrels

* Fixation into the experiment by surrounding
support structure, as well as at both ends

* Possible layout based on air-cooling . o _ _ )
* Cooling at the extremities (chip peripheries)

e Sensors hold in place with low-density carbon foam
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Simulated ITS3 performance

rg pointing resolution [pum]

107 -

107 -

10% 1

ITS2 standalone
ITS2+TPC

O I152 standalone (full MC)
ITS3 standalone
ITS3+TPC

ITS3 standalone (full MC)
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——— —

10°
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Transverse momentum [GeV/c]
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[ALICE-PUBLIC-2018-013]

Improvement of a factor of 2 over all momenta

Tracking efficiency [%]

RALICE

100

— ITS2 standalone

20 1
—== [TS2+4TPC
—— |TS3 standalone
—== ITS34TPC

0 L | T T T

0.05 0.1 0.2 0.3 Q.5

Transverse momentum [GeV/c]

Large improvement at low transverse momenta
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How much can the substrate be thinned? AT

1
0.8
0.6

0.4

Fraction of charge collected

NIM A 950 (2020) 162882

Substrate

Epitaxial layer

[=—Vgg=6V |-
{——Vgg=-3V
| == Vgg=-1V  frs
ﬁ—-—VBB=0V

Charge collected up to Z
Total collected charge
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FoCal-E test module concept

interface board “Final”

Pad layer board

interface board
demonstrator

N
4

Aggregator board

Aggregator board

Pixel layer

Single Pad board

oward TRD: test module close to final design A TOE

Use final electronics configuration
HGCROC + sensor modules + readout
Pixel modules + readout

Develop cooling solution

HCAL module

Goals:

» Test/verify performance

* Gain experience with production/assembly
* Optimize processes

38



A Large lon Collider Experiment

FoCal-H design

Allows to isolate photons in FoCal-E and jet measurements

10,000
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10.000

* Pb/scintillating fiber spaghetti calorimeter module as used in E864

* alead to fiber ratio of 4.55 : 1 by volume to provide good
calorimetric compensation and resolution

* amass of about 100 kg and an active depth of approximately 8
Khad

* Cu as the passive material is also under consideration to reduce
the length and weight

ALICE

A nearly circular geometry approximately
1 min radius

372 modules

1488 towers of 5cm x5 cm
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FoCal timeline
19 12020 2021 2022 2023 2024 2025 2026 2027 q & E@ E

Q4 |1Q1Q20Q304Q1020304Q102Q3040Q1020304Q1020304Q1020304Q1Q2Q304Q10Q2Q3 Q4

LHC LS2
Lol B

R&D

Test beam
TOR |
Final design

Production, construction, test of module
Pre-assembly, calibration with test beam
Installation and commissioning

Physics data taking
Table 6: Project timeline
| Year | Activity |
;g;g-zozl Lenerofﬁzl?t * Next important step: Entering the engineering phase
20202022 final design towards testbeam(s) 2021/22 and TDR
Technical Design Report * Production estimated to fit well into 24 months

design/technical qualifications

Plus half a year of "learning curve"

2023-2027 Construction and Installation
2023-2025 | production, construction and test of detector modules
2024-2025 pre-assembly
calibration with test beam
2026 installation and commissioning (not adjusted for Covid-19 changes)
06/2027 Start of Run 4

40



