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ALICE physics primary goal

ALICE
QGP via heavy ion collisions at the LHC: £,~10-40 GeV/fm?3
I - Global observables
Quark- _
Gluen-  Hadronic = inht hadrons
RHIC@BNL Plasma Probes
- Strange hadrons
2 — Quarkonia
g Initial
g S - Open heavy flavours
lg NICA@JINR State and P y
QGP - Electromagnetic probes
probes :
i G - Jet and high p; hadrons
vacuum nuclear matter - HypernUC|e|
: neutron stars -
0 Chemical potential As a function of rapidity, transverse
momentum, azimuthal angle, centrality, centre
NuPECC Long Range Plan 2017 of mass energy, reaction plane, fluctuations,

http://www.nupecc.org/Irp2016/Documents/Irp2017.pdf small Systems (pp and pA), Corre|ation§
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ALICE Detector (Run1 and Run2, 2009-2018)

v" Excellent (low p;) tracking
performances

N v" Excellent particle identification
e e performances

7 T v Good secondary vertexing
reconstruction

v' Electromagnetic calorimeters

v Muon spectrometer at 2.5<y<4

v" Minimum Bias Trigger and
centrality measurement

ALICE computing grid: up to
120000 jobs, 100 PBytes

@y MonALISA Reposioryfor ALICE
L

g s poges

JINST 3 (2008) S08002




ALICE Detector Upgrade for Run3 and Run4 at the LHC 4

A Large lon Collider Experiment N\ /

Quick overview of ALICE physics results n/uce
180 papers submitted/published: 2 top+500, 12 top+250, 38 top+100
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QGP behaves as a near-perfect liquid, opaque medium, charm quarks strongly interact with the medium,
and collectivity-like behaviour is observed in small systems
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Remaining questions about QGP at the LHC

Higher precision and new probes

v Characterisation of the QGP at the LHC: viscosity, diffusion

coefficients, initial temperatures, screening scales, ...

v' How does collectivity develop? the small systems  Rroberto Preghenelia’s talk

50 ToV 5.5 ToV luminosity in Pb-Pb
2015 2016 2017 2018 2019 2020 2021 2022 2023 collisions at the
TP ] AT I e :-_u.-u\.?. Li:FEna V[ATEECNTE] T A ] AT -H]\]'iliqtht TP P § :-A.‘-\.-\.t:'\i'l: VI A7 ] A o 1o P AP T | [T e ] A i highest energy in the
I “] | m centre of mass
Run2 :.Ef:,b,;:,‘.’a"d = 1.0nb™? Run3: 'Eg::;;!r’ared = 6.0nb-1 v Al 4 experiments will
take part in the LHC
2024 2025 2026 2027 2028 2029 | [ shutdown/Technical stop HI runs
ST P TR T e R TR 7 T RR T T 11T BB 17T TR T 1171118 | Proton physics v' Possible interest on
153 ||| | | Commissioning ; .
| _ B ons lighter ion run (Ar or
Rung s LE8=EY . = 7. 0nh? Xe)
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ALICE strategy for Run3 and Run4 2021-2029 E

ALICE can do better : higher precision, low signal/background
observables, low p; heavy quarks, rarest probes

" PbPb 50 kHz
Global observables.......

Lioht had Better New RO electronics
g adrons................ S oo New TPC RO

Strange hadrons........... J ™ chambers

Quarkonia.. ................... |TS Upgrade

Open heavy flavours....

New Computing req.
Electromagnetic probes -

Jet and high p; hadrons New ITS upgrade

Hypernuclei ................... observables ™ MFT tracker

| FoCal (2024)?

100-fold larger integrated luminosity than Run1 and Run2
Low signal over background: hardware trigger filtering impossible, namely at low p+
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ALICEDetector Upgrade

ALICE

Increase of luminosity (50kHz IR) and improve vertexing and tracking at low p;

TPC, Muon New MB
=3 Spectrometer, trigger
TRD, TOF, detector FIT
PHOS, EMCAL/
DCAL, ZDC

In Kwon YOO’s talk

New Inner
Tracking System,
high resolution, low
material budget

New beryllium D : L
beam-pipe AW A Pl L
smaller radius 2N

) T < Andry RAKOTOZAFINDRABE’s talk
New TPC GEM . Muon Forward
Chambers (low ¥ Tracker, high

ion backflow, resolution, low

continuous RO)

material budget

3.4 TBytes/s
100 GBytes/s
Online reco

90-10-5 Ne-CO,-N,
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New Read-Out Architecture

Projects

— Central Trigger Process (CTP)

- SAMPA: new ASIC for the
TPC and muon tracking
system

— Common Readout Unit
(CRU): FIT, ZDC, ITS, TPC,
TRD, TOF, MFT, MCH, MID

- Upgrade of most FEE ALICE
subsystems

Continuous and triggered readout
in most of ALICE subsystems

SAMPA o 20w

dissipation

|
ond 7-1- {7+, 32 phannels ias Avago Minipods
i T I — }ZP 4x 12 TX, 4x 12 RX
ey I : o
ad - .
ea & |
- Shap |
[wd)-
Zo 1AL - Arria 10 FPGA
T csA — 10AX115S4F4513SG
| S
| FEC = 48 optiosl outputGIIER

48 optical inputs (MTP)
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FIT: Fast Interaction Trigger for ALICE %

Minimum Bias Trigger

- Efficiency 100% (~83%) in - MCP-based detector
Pb-Pb (pp) collisions - XP85012 Planacon from
- Centrality triggering Photonis (59x59x28 mm3)

- Vertex online location
- Event plane determination
- Time resolution <50 ps

- No aging over Run3 and
Run4 periods

5 8 8 8 B 3
— T T T T T T

Events/channel

Time-of-Flight, channels
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New TPC RO chambers

Limitation of the ion backflow

- Diameter 5 m, length 5m. Electron
drift time 100 us, lon drift time 160
ms.

- Gating grid to collect ion back flow
need 300 us. Intrinsic limitation at
3 kHz interaction rate

- Low lon backflow of Gas Electron
Multipliers (GEMs) allows to avoid
the gating grid

— Continuous readout =» ~3 TByte/s.

— Online calibration, reconstruction
and data compression needed (02
project)

RESISTOR )~

Central HV
electrode

High precision, low
mass field cage
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Quadruple GEM
Technology

— Quadruple GEM chambers

- GEMSs technology intrinsically
blocks ion backflow

— Similar performances as MWPC

- 640 GEM foils needed for the
TPC RO upgrade

Cover electrode

- —

GEM 3 L — | Ere L — |

GEM 4 \_%I_‘ ET3 \—%I_‘
e E d readout anode\ e

Strong back ‘ ‘

2 mm
2mm
2 mm

2mm

11
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ALICE O? project

Requirements

1. LHC min bias Pb-Pb at 50 kHz
~100 x more data than during Run 1

2. Rare physics processes with very
small signal over background ratio

3. Triggering techniques very inefficient
if not impossible

4. 50 kHz > TPC inherent rate
Support for continuous read-out

New computing system

= Read-out the data of all
interactions

= Compress these data
intelligently by online
reconstruction

=» One common online-offline
computing system: O?2

120 GB/Sﬂ ﬁ

Unmodified raw data of all interactions
shipped from detector to online farm in
triggerless continuous mode

HI run 3.4 TByte/s ﬂ

Baseline correction and zero suppression
Data volume reduction by zero cluster finder.
No event discarded.

Average compression factor 6.6

500 GByte/s ﬂ

Data volume reduction by online tracking.
Only reconstructed data to data storage.
Average compression factor 5

100 GByte/s ﬂ

Data Storage
1 year of compressed data

Tier O, Tiers 1 and
Analysis Facilities event reconstruction

with final calibration

200 GB/s| | 20 GB/Sﬁ

Asynchronous (hours)

ALICE

Detector
Electronics
9000 GBTs links

J

270 First-Level
Processors
Hw acc: FPGAs

U

Switching Network

U

1500 Event
Processing nodes
Hw acc: GPUs

8

Switching Network

g

Write 120 GB/s
Read 320 GB/s
Capacity: 60 PB
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ALPIDE pixel sensor (ITS Upgrade and MFT projects) qai1ce
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 um technology

- Sensor Size 15 mm x 30 mm.
Pixel pitch 29 um x 27 um.

- Event time resolution <4 us

- Low power consumption
~40 mW/cm?

- Expected radiation load in ALICE
Run3 and Run4 <300 krad,
<2.0x10'2 1MeV n,,/cm?

- Spatial Resolution 5-6 um

ALPIDE
Production started
December 2016

Detection Efficiency (%)

Average Cluster Size (Pixel)

4 —_ 8
100 10 ;;:; € -
"""""""""""""""""""" G 3 :
98 10° 5 5 7=
Q = —
X 2 -
P ettt Sl e e 10° % 2 6[—
I Efficiency ~ Fake-hit Rate @ V_ =-3V = g =
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[0 Pixels masked 10" 1= -
86— E 7
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In Kwon YOO’s talk
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ALICE inner tracking system upgrade ALICE

Improving tracking performance, namely at low p;

In Kwon YOO’s talk

Large area (10 m?) silicon pixel
(MAPS) sensor tracker (|n|<1.22)

7 layers from R=22 mm to R=400
mm: Inner Barrel, Outer Barrel
(Middle layer & Outer layer)

«, Cold Plate

Pixel Chip

Spatial resolution O(5 um).

Flex Printed Circuit Power Bus

First layer closer to IP (smaller
beam pipe radius)

0.3%X, per layer in the inner most
3 layers (light mechanical structure)

el
- -
- &

Middle barrel

Beam pipe

» 12.5 Gigapixels
~24000 pixel chips
+ binary readout e

Outer barrel
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MFT Principle %.

ALICE

High resolution muon vertexing for the ALICE muon spectrometer

Tracker Trigger

MFT 2

Frontal
Absorber

Iron Wall

Andry RAKOTOZAFINDRABE’s talk
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MFT Principle %.

ALICE

High resolution muon vertexing for the ALICE muon spectrometer

Tracker Trigger

Frontal
Absorber

Iron Wall

Andry RAKOTOZAFINDRABE’s talk
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MFT layout ALICE

920 silicon pixel sensors (0.4 m?) on 280 ladders of 2 to 5 sensors each.

Disk#4 Disk#2 10 Half-disks
Disk#3 2 detection planes each

Disk#1

Disk#0

MFT doses
< 300 krad
< 2x1021 MeV neq/cm2

-3.6 < Ll <-2.45 ' T )
IP region

i o

z=-7/6.8 cm

v

=-46.0 cm
Andry RAKOTOZAFINDRABE's talk
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Run3 and Run4 at the LHC

Upgraded ALICE tracking capabilities |
Central Barrel (Jn|<1) ITS+TPC

2 100¢ e
> // 2 ALICE
S 80} ! .
S i / Current ITS
b= Y Upgraded ITS
o 60 /
S /
C
% /
@ 40 /,1
@ [ /
S 20 /
© i /
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5 0
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— 4007 ]
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= 350 F , - :
c i Current ITS (data)
S 300¢ X jpgraded ITS
% 250: \rn &
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€ 200} &}
BRI
'-E- 150 \ 'S
6 : \\Z 2% SB&E‘H:LF o
[a 100: \\ \‘
50 r(p X ‘\‘§ E \\“"‘0‘
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of —
10 1 10
P, (GeV/c)

— =
ALICE performance

pp, Vs = 13 TeV
B=02T

Energy deposit per unit length (keV/cm)

Momentum (GeV/c)

19

ALICE

Keeping
present
PID capabilities
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Physics Performance of the Upgraded ALICE ALICE

Low Mass dielectron |n|<0.9 : initial temperature from EM radiation

= 10 ET T 1 | 1 1 T 1 | T T T T T T T T T T T T T T T T3 &~ ET TT T T T T LI N N N N N B L B N N B B B
S = PbPb @\/s,, =5.5 TeV Rapp Sum 1S ~ PbPb @\s,, =5.5 TeV Rapp Sum =
8 [ 0-10%, 2.5E7 Rapp in-medium SF ] 8 0 - 10%, 2.5E9 Rapp in-medium SF ]
= v | <0.84 Rapp QGP 1 = ly | <0.84 Rapp QGP _
= Yo' <O ! '-¢cC- > e . —#— 2.5E9 'meas.' - ¢T - cockt.
'Ow 1 p$e> 0.2 GeV/c 2-5;7ef::ezi- * COCKt._E -°<D1 0 1 1 peT >0.2 GeV/e By Syst. err. bkg. E

P -l 0.0<p, <3.0 ool SYSL BT DRG. 3 P 0.0<p, <3.0 o =
= - tee E== Syst. err. cC + cocktail % tee E= Syst. err. cC + cocktail -
S O 13 i
T ©_ .

107 4 107 E
10%E 4 10°¢ E
107 10°E
10'4 I B Ll I ; SIEKE S i 10-5 RN BN R BN B R R B é R B |
0 0.2 04 06 0.8 1 1.2 1 .42 0 02 04 06 0.8 1 12 1.4
Mee (GeV/C ) Mee (GeV/cz)

Cocktail-subtracted low mass dielectron disitribution
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Physics Performance of the Upgraded ALICE

Charmed D°,D*, D mesons |n|<0.9

2_ UL ] T 1 1 1 ] 1 171 ] L I 1 T 7T [ T 1 17 71 I I_
1.8-ALICE Upgrade = Pb-Pb,\/s,, = 5.5 TeV -
1 Bi L., = 10 nb", centrality 0-10% -
1.41 D°— K .
100 | ALICE

| i =
0.8t =
0.6-1 ¥

N # ]
02~ T =

0: | I L1 1 l L1 1 I L1 1 1 l L1 1 1 l | I I 1 :

0 5 10 15 20 25 30
P, (GeV/c)

Expected in Run3 and Run4

< 2
<t
T3

1.61

1.4
1.2
1

0.8k

W
/ N\

ALICE

Fabrizio GROSSA’s talk

ALICE Preliminary
0-10% Pb-Pb, \/s,, = 5.02 TeV
ly|<0.5

~PHSD, Average D°, D*, D**

-~ PHSD, D}

-~ TAMU, Average D°, D*, D**
TAMU, D}

Filled markers: pp rescaled reference
Open markers: pp pT-extrapoIated reference

« Average D°, D*, D*

50

0.6 + D{
r= |
0.4[f Er I
' + I A
0.2F iﬁﬂﬁ -
7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
%5 10 15 20 25 30 35 40 45
GeV/C)

\

Present measurement
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Physics Performance of the Upgraded ALICE

Studying beauty mesons at low pT

significance

10

—_k

o
N
\

ALICE Simulation
- Upgrade -
Pb-Pb, F 5.5TeV
L..=10 nb™, centrallty 0-10 %

%+++ *Drt D%K+ )

o

|

1o

5 10 15 20 25 30 35 40
pT(GeV/c)

ALICE

}2'57""\““\““\““\““\““\““\““
iy ALICE Simulation
i - Upgrade -
20l Pb-Pb, F 5.5 TeV
L..=10 nb centrallty 0-10 %
B*>D (D K'm )
1.5 ¢ projected statistical uncertainty

8
P g
3]
. 9

I
I e
0.5 3 %
(:) (:) 47\ 111 ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ 111
0 5 10 15 20 25 30 35 40

assuming recorded pp reference with V2 higher significance than Pb-Pb

2.76 TeV, Uphoff et al., Phys.Lett.B 717
. 12.76 TeV, He et al., arXiv:1208.0256

[ (GeV/c)

Accessing beauty production at low p; in HIC at the LHC

22
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/(A/D)

Pb-Pb

(Ac/D)
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|/
/ \)

Physics Performance of the Upgraded ALICE ALICE

Charmed and Beauty baryons |n|<0.9

1O

Pb-Pb,\/sy =55 TeV ]

L. =10 nb™, centrality 0-20%

.....

— — ALICE A/K param (2.76 TeV)
-------- Ko et al. (200 GeV)

} —— TAMU, Rapp et al. (2.76 TeV) _

]
I :

1 T T T T T T YT T T O A B 1
2 4 6 8 10 12 14 16 18 20 22

P, (GeV/c)

-t
N

—
N

Significance

—
o

T rrr[rrrprrrpros

[TV T[T T T[T T[T [T T[T rr[rrr[?

— Ay Al Pb-Pb,\ Sy, = 5.5 TeV
- L, = 10 nb™', centrality 0-20% -
- | ]
C 1 i
:l 11 [ L1 I 11l I L1l l L1l ] L1l I L1l l L1l l L1l I 11l I Ll [ L1l I l<

2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)

New observables: baryon production in the charm and beauty sector!

23
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Upgraded ALICE tracking capabilities Il ALICE
Muon Spectrometer (2.5<n<3.6) MFT+Muon

— 140 ] x% P 2 []. ] l ' T T T
5 | = 1Y% 1
120 - o S - e X/ Xy = 0.8% ﬁ“ i ,=?=;jjf:_
3 ] = —— X/% = 0.6% L r .
100 | — s 08} —
| s r .
7 -0 ("] i

80 = 6l— " ALICEMFT Upgrade S
] — - »> _ o | -
60 | ?: F . Pupb@ﬁ =55TeV,05% -
40 : 8 04 .._ % i 4 -36<n<-3.1 . ]
. - ._. # 31<n<-25 N

0 ﬂ T I T E T I T T oﬂ' 1 1 l 1 1 1 l 1 1 1 l 1 1 1
0 2 4 6 8 10 0 2 4 6 8
P, [GeV/c] P, (GeV/c)

Displacement beauty decays
in z (for any p+, even for p;=0)
due to the rapidity boost.

MFT Frontal Muon Spectrometer
Absorber
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Physics Performance of the Upgraded ALICE ALICE
Audrey FRANCISCO’s talk
V(2S) 2.5<n<4.0 s 2
x 1.8 I ALICE inclusive J/y, y(2S), Pb-Pb Y5y, = 5.02 TeV, 2.5<y<4, 0<p <8 GeVic
1.6 g
Completing the 4 S mrasonen
. . — Jly (arXiv:
CharmOnlum pOtentIa|S fOl' 1.2 @_‘ Upper limits include global uncertainties
1
the study QGP at the LHC osb
0'6:_ Umm O 5 m m m 0 mpD oo P t
. F resen
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Physics Performance of the Upgraded ALICE
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Physics Performance of the Upgraded ALICE

Beauty measurement in the golden J~hp channel
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Conclusions ALICE

v

v

Factor 10 increase of the Pb-Pb integrated luminosity is planned
by the LHC for Run3 and Run4.

All 4 LHC experiments will participate in the heavy ion program at
the LHC.

ALICE will upgrade its detector to take advantage of the
luminosity increase. A factor 10-100 increase in Pb-Pb statistics,

depending on the observable with respect Run1 and Run2 (10
nb-! integrated Pb-Pb luminosity). Better precision.

New pixel trackers (ITS and MFT) based on ALPIDE MAPS
sensor. Better detector performance to study low p; hadrons and
open heavy flavour and quarkonium in Pb-Pb collisions.

In addition to the nominal conditions, a low B field (0.2 T) run will
improve the low p; reach of low mass dielectron measurements.

Installation is foreseen in 1.5 years from now, during LS2
(2019-2020).
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Thanks for your attention!

ALICE Detector Upgrade for Run3 and Run4 ALICE
Letters of Intent and Technical Design Reports
- ALICE TDRs for the Run3 — Alice Upgrade Lol and its addendum
upgrade - CERN-LHCC-2012-012 (Lol)
- CERN-LHCC-2013-019 (System - CERN-LHCC-2013-014 (addendum)
upgrade TDR)

- CERN LHCC-2013-013 (TPC
Upgrade TDR

- CERN-LHCC-2013-023 (ITS Upgrade o

Upgrade of the

Upgrade TDR) ALICE .F:>’<Ipm‘mwnt ALIC!E1E1xmperr|ment
- CERN-LHCC-2015-001 (MFT TDR) ”\”;

CERN-LHCC-2015-006 (O2 TDR)

=@ | ALICE [ © ALICE

Upgrade of the Upgrade of the par Muon Forward Tracker Upgrade of the

Readout & Trigger System Time Projection Chamber nner Tracking Systen Online - Offiine computing system
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Latest results in Alessandro GRELLI’s talk

A Large lon Collider Experiment

Quick overview of ALICE physics results
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QGP behaves as a near-perfect liquid, opaque medium, charm quarks strongly interact with the medium, collectivity-like
behaviour in small systems
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One particularity of ALICE Detector ALICE

Large Rapidity coverage
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Initial conditions of the QGP with rapidity ALICE

Two examples: initial energy density and charm quark density
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FoCal Project

ALICE : 0 :
forward calorimeter for y, x° and jet measuremetis
preferred scenario:
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