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ALICE Detector (Run1 & Run2 2010-2018) ALICE
v Devoted of the study of the

Avant propos Quark Gluon Plasma at the
: - LHC
~— 1 Y Excellent (low pT) tracking
Cy performances (ITS+TPC
+TRD)

v Excellent particle
identification performances
(TPC-TOF-TRD)

v" Good secondary vertexing
reconstruction (ITS-SPD)

i/l Electromagnetic calorimeter
(EMCAL-DCAL)

v' Muon spectrometer at
I 2.5<y<4
Integrated Luminosity (Run1 & Run2) v MB Trigger and centrality
1 nb'in PbPb measurement (VO-T0-ZDC)
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ALICE Physics Goals
|_cabivbo & Parisi PLB 59 67 (1975) |
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Fig. 1. Schematic phase diagram of hadronic matter. pg is the

density of baryonic number, Quarks are confined in phase |
and unconfined in phase I1.

Characterisation of the Quark Gluon Plasma
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by means of the heavy ion collisions at ultra relativistic energies.
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One particularity of ALICE Detector ALICE

Large Rapidity coverage
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Heavy lons at LHC

ALICE

Initial parton-parton
At the LHC uB~0 interaction
g~10-40 GeV/fm?3 (T,~350-550 MeV)
Teross ~ 2R/Y Teross < 1/Aaco
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QGP Observables
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Global observables
Light hadrons
Strange hadrons

Quarkonia

Open heavy flavours
Electromagnetic probes

Jet and high p; hadrons

Exotic
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Rapidity, Transverse momentum, Azimuthal angle, centrality, centre of masse
energy, reaction plane, correlations, fluctuations, small systems (pp and pA)

“** number of ALICE publications (2010 - March 2016) for PbPb collisions
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ALICE strategy for Run3 & Run4 2021-2028

Global observables.......
Light hadrons...............
Strange hadrons...........
Quarkonia.....................
Open heavy flavours....
Electromagnetic probes

Jet and high p; hadrons

Better

Significance -

New

observables

—

ALICE

" PbPb 50 kHz (x10)
RO electronics
TPC RO chambers

New computing req.

ITS Upgrade

ITS upgrade
MFT tracker

| FoCal (2024)?

Low signal over background: hardware trigger filtering impossible, namely at low pT
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ALICE Detector Upgrade for Run3 ALICE

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

>\
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New Read-Out Architecture

Goals Projects
— Collecting more than - CTP
10 nb " in Pb-Pb _ CRU
collision durlng Run3&  _ saAMPA: new ASIC
Ryl nioraclion 1ales  for the TPC and
- Kz In FL-F0 run, muon tracking system
gain by a factor 100
- MID
- _Equivalent nuqleor) | _ TOF
integrated luminosity in TDR
pp and p-Pb at the -
same centre of mass - ZDC
energies_ neghhour sl rost sy ot igger hearbeat iggr Vi S
L L
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FIT: Fast Interaction Trigger for ALICE ALICE

Like a V0 and TO in a single detector
- MCP-based detector

— Efficiency ~83% (C&A) in

pp collisions -~ XP85012 Planacon from
Photonis (59x59x28 mms3)

- Centrality triggering (as VO)

- Vertex location (as TO)

- Time resolution <50 ps

- Event plane determination

(as VO)

- No aging over Run3 and
Run4 periods

Time-of-Flight, channels
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New TPC RO chambers ALICE

OUTER FIELD
CAGE

Limitation of the ion backflow

. READOUT
\\ CHAMBERS

- Gating grid is not possible at
50 kHz IR

— Distortion at 1% for a 2000
gain

CENTRAL HV
ELECTRODE

INNER FIELD
CAGE

- Replacement of the read-out
chambers is required.

GO ML) ‘—: RESISTOR )

— Continuous readout = ~1
TByte/s. Online
reconstruction needed (0O2)
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Quadruple GEM

Technology
— Quadruple GEM chambers

- GEMSs technology intrinsically
blocks ion backflow

Cover electrode

- Similar performances to MWPC T —7 - —
GEM 2 \—?—1 En \_?_1 2 mm
? \_1:1_‘ Er \_:_‘ 2 mm
- Good performance at high S -
multiplicity (Pb-Pb at 50 kHz) o re O ———
and with pile-up. Strong back| |
§°-1,‘|“w“w“w‘” L L B goosz AR RS AR AR
EX C = GEM 0075 T = Pb-Pb
g0 = MWPC ] S 5 = pp
© [ ] 007 -—, | -
e E 0.065 ; . _F"'_+ . -
007 - 0.06 f— B T
0.06 — = 0.055 ;— ++_.____+_._._ =
::.::|: . I 0.05F~ -
0.05; —a———— - — % =
- - 0.045;— =
0'04‘IZH““““6‘ng‘JO‘H“ZH“I“‘ 0'0‘6.72‘H‘0‘.3"Ho‘.4”Ho?s““0‘.6””0‘.7””0‘.8”“0‘.9””71

p (GeV/c) Electron transmission efficiency
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O2 project

Upgrade of the ALICE online and offline computing for Run3 & Run4

— Continuous read-out of ALICE detector,
namely the TPC at 50 kHz IR =» more

Detectors electronics

tha n 1 TByte/S d ata th roug h p ut fro m th e Continuous and triggered streams of raw data

detector

— New computing requirements = O2
farm at LHC Point2 (ALICE) : 250 FLP
and 1500 EPN

- Online reconstruction and calibration.
Parallelisation

- High level trigger decision

- Data compression

- Offline reconstruction and permanent
data storage = ~70 GByte/s

ALICE

13

Readout, split into Sub-Time Frames,
and aggregation

Local pattern recognition and calibration
Local data compression

Quality control

Compressed Sub-Time Frames

Data aggregation

Synchronous global reconstruction,
calibration and data volume reduction
Quality control

Compressed Time Frames

Data storage
and archival

Compressed Time Frames

Asynchronous refined calibration,
reconstruction

Event extraction

Quality control

Reconstructed events




The ALICE Upgrade Program 14

A Large lon Collider Experiment

0 Upgrade ALICE internal tracking system ALICE

Improving tracking performance, namely at low p;

Spatial resolution O(5 um).

First layer closer to IP (smaller
beampipe)

0.3%X, per layer (light
mechanical structure and
MAPS sensors)

7 layers from R=22 mm to
R=400 mm: Inner Barrel (3
layers |n|<2), Middle Barrel (2

In|<1.4), Outter Barrel(2 |n| |
<1 3) b 55"—'::"-' ’ Mldde barrel

Radiation: TID < 1 Mrad and
<103 1 MeV neq

Event time resolution <10 us

Outer barrel
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Detection Efficiency
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A Large lon Collider Experiment

ALICE pixel sensor ALICE

CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 um technology

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR

Pw:_- /J\ ‘-N;LL j

DEEP PWELL

— Sensor Size 15 mm x 30 mm. Pixel size
0O(25x25 um?)

- Event time resolution <4 us

Epitaxial Layer P-

— Low power consumption <50 mW/cm?

- ITS: 25000 sensors, O(1010 pixels), 10 m2 FEm—=s
of silicon pixel surface, <6 kW.

epitaxial layer ~ 24 pm]
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B B MFT: Silicon tracker at large rapidity ALICE

High precision vertexing in the Muon Spectrometer acceptance

/
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MFT layout ALICE

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

Disk#4 Disk#2 10 Half-disks
. Disk#3 Diski 2 detection planes each
Disk#0
MFT doses
<400 krad

<6x10™21 MeV n,/cm?
10-fold security factor

-3.6 <n<-245

5% of the ITS surface IP region
Twice the ITS inner barrel

z=-7/6.8 cm

z=-46.0 cm
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Upgraded ALICE tracking capabilities |
Central Barrel (|Jn|<1) ITS+TPC
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Upgraded ALICE tracking capabilities Il ALICE

Muon Spectrometer (2.5<n<3.6) MFT+Muon
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ALICE

Caveat: Personal selection of physic
performances with the upgraded ALICE
detector
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Physics Performance of the Upgraded ALICE

Low Mass dilepton |n|<0.9

'rN STt ' Ty LA |
[ PbPb @ |8, =5.5 Tev —— Sum J
8 0 - 10%, 2.5E7 events Rapp In-medium SF
>, 10.1 Rapp QGP |
= * ly,l<0.84 cocktail w/o p (+ 10%) 1
T p > 0.2 GeV/c cC - ee (+ 20%) 1
Eg 0.0<p _<3.0 —+4— 2.5E7 'measured’ i
- 10_2 e { | Syst. err. bkg. (+ 0.25%)
© .
10°¢ —
10* 4
L~
10° -
-6
10 S | | \Ii\l I || 3
0 0.5 1 1.5 2 2.5

M., (GeV/c?)
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10°

ALICE

b L L L L l T T T T T T
[ PbPb @ (s, =5.5 Tev Sum ’

Q 0 - 10%, 2.5E9 s Rapp in-medium SF i
g -1 events Rapp QGP

%, 10 ly,|<0.84 cgcktall w/o p (= 10%) e

p; > 0.2 GeV/c cc — ee (+ 20%) .

E’ 00<p <3.0 —+— 2.5E9 'measured’
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Physics Performance of the Upgraded ALICE

ALICE

Low Mass dilepton 2.5<n<3.6

MUON only : 1.0 <p_" < 10.0 GeV/c MUON + MFT : 1.0 < p’* < 10.0 GeV/c

'S‘ B oo sum (Syat. Ere. & « cocus) s B ruce som (Syat £ 8 coctast)
; 1 S e sum (Syst £ Bug) 3 10° J B e
P 5 T Regp GOP ey 1 — F=epocr
-~ 10 [ [ —— - 1 —— ssprowsms
- E - -
a - a -
e i g
S - S 10* E
E E ;
2 10* - = ;
: z
% ] % 10° =

10° = _

T Ty LENL L S BN B BN BN A SRR
0 0 02 04 06 08 1 1.2

Mass [GeV/c?]

Mass [GeV/c?]
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Physics Performance of the Upgraded ALICE ALICE
Charmed D0 mesons |n|<0.9
‘gg‘ /UL L A [ S L S B om 103 :!—v LA (LA S L B N R B B S B N R B B B R q
0 g = . =
3 107 D= Kx Pb-Pb,\/s\y = 5.5 TeV I Pb-Pb,\s =55TeV -
5 » Centrality 0-10% . 10°E Centrality 0-10% =
2 i i 8 ]
g ——— 10 3 - * ﬂ:‘!
< 10% —— ——— = 1k —-— s
§ - _+_+ e 3 : - ‘ ) . i
g | ﬂ B ]
c _+_ - - _ii;
o = Upgraded ITS i F - « Upgraded ITS ]
103 * Current ITS - 102 = - * Current ITS E
| 1 | T P Ll Ll L L 7 10‘3 L el e b oo Lo Lo Lo Lol g A:l
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 36
P, (GeV/c) P, (GeV/c
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Physics Performance of the Upgraded ALICE ALICE
Charmed A, baryons |n|<0.9

— ~400
O+ NoTPCPID ALICE upgrade, Ly=10nb" [ E ' ALIGE

- ——e—— Degraded TPC PID(20%) _ = s cee@ese Current ITS. Z (Pb-Pb data.
%0 = a Degraded TPC PID (50%) Po-Pbys.. = 5',5 Tev c 00 [ .‘-. ........ 5m,,;,|:?Tsz (:b o
gof-——— Degraded TPC PID (100%) 0-20% centrality S ; ' '

- ° With full PID ) .S 300 = y ~—&— Current ITS, r¢ (Pb-Pb data, 2011)
70 = 14 g " _Upgraded ITS, rg _

- Ao pKT®”© 5

- &
= ) = 200

- ! £
o < 150}

- - e - i
30 ;— ——— 100 [
20 _{* =1 | :

s DE: Zan ol 50|
10— - i

2 ;:;: saal W P . I . . P P - '

0 2 4 6 8 100 12 14 16 18 20 0 el l

Py (GeVic) 10" 1 10
ALICE, CERN-LHCC-2013-024 P, (GeV/c)
A, became accessible for p;~1-6 GeV

thanks to the new ITS and increase of
integrate luminosity
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Physics Performance of the Upgraded ALICE ALICE
Jhp elliptic flow |n|<0.9 and 2.5<n<4.0
2 0% et LT 3 0983 "TPC PID, open: TPC+TRD PID (jy|<0.9) |
Z 0 07—_ Lin = _ B z 007; centrality: 10-40% E
07} -1 ] L7 i
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— ™ N -1 — = -1
[e) E—O—s Centrality 20-60% o - Kk
= 0'06_ — e —O— Y E = 0'06_ e L =1nb", current readout| -
o Full:25<y<4 ® ® p
O 4 2 s ® Ly=1010 R
= - Open: 3.7 <y < 4] _g g :
_§ 0.04f | Sooaf ]
< ; —— < ; :
0.03| —— o = 0.03p -
- —— ] - .
002_—{ f— b —t— }—:_.— ] 002_ . h
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T2 Ty T s e 7 I
P, (GeV/c) P, (GeVlc)

25



The ALICE Upgrade Program

A Large lon Collider Experiment

Physics Performance of the Upgraded ALICE

P(2S) yields |n|<0.9 and 2. 5<n<4 0

Rel. stat. error on N"(ZS’

Rel. stat. error on N*®

0.25( T
I |_‘m=1o nb TPC+TRD PID (|y|<0 9)
0.2 - .
015 = .
0.1 .
. .
0.05~ ® —
, = statistical model
- . pp scalmg (N )
T L
0%50 1oo 150 200 250 300 350
Npan
y(2S) statistical model scenario
0.9}
2.5<y<4.0 and p>0
0.8} .
0.7}~
L 2
0.6/
0.5 _
0.4.j + : + : + +
| S S '
0.2}~ —
0lfu —u—u — b
Eoul | | Loveiloiinl I |
0

10 20 30 40 50 60 70 80 90

Centrality (%)

ALICE
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Inclusive ¥’ (3.40 < My, < 3.90 GeV/c?) : Rys = 0.3, without the MFT

pr [GeV/c] | Signal [x103] S/B S/V/S+B | Stat. Err. [%] | Sys. Err. [%)]
0-1 12.8 0.0048 7.6 10.9 209
1-2 24.2 0.0039 9.7 9.5 26.5
2-3 20.4 0.0031 8.0 12.3 32.3
3—-4 12.4 0.0026 5.6 17.7 39.0
4-5 6.9 0.0021 3.8 26.1 48.1
0-10 85.0 0.0030 16.1 6.0 333

Inclusive v’ (3.40 < M, < 3.90 GeV/c?) : Rys = 0.3, with the MFT

pr [GeV/c] | Signal [x10%] S/B S//S+B | Stat. Err. [%] | Sys. Err. [%)]
0-1 4.47 0.014 7.8 10.7 9.9
1-2 8.67 0.014 11 8.5 10.1
2-3 6.76 0.018 11 8.7 9.0
3—-4 4.11 0.027 10 9.0 8.0
4-5 2.57 0.030 8.7 10.9 7.8
0-10 30.3 0.017 22 4.3 9.2
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Physics Performance of the Upgraded ALICE ALICE

Beauty measurement in the golden Jip channel |n|<0.9 and 2.5<n<4.0

0-00.12'-7 T T T T T [ T T T [ T T T T T T T l ™M 3— B

S ALICE Upgrade },0.15 | ALICE Upg:ade 25<y<3.6
. % 0.1 Non-prompt Jhp (— e'e), lyl<0.9 g | Fﬁgi .
£ 5 — syw=55Te
_22 - Pb-Pb,\/s\, =2.76 TeV ; g_ | 0-10% Pb-Pb
5008  L,=10nb" 1 2,41
6 C ® Central 0-10% —.— i m i =
‘&i: 0.06- * Semi-central 10-40% _ 8 g "
1 [ ———a— —— u;_ :
Ts 0.04 ———— | a0 5005 _|
oc e ]

—y— - Syst. err. from template shape
oozb : - Syst. err. from bkg. norm.
: 4 i —e— Stat. err
' A L l L A A l ' L A l 1 ' A l A A ' l A
% 2 4 6 8 10 0OIIII_||IIII2|IIII3|IIII4|.IIII5
P, JAp (GeV/c)

pT(J/w) [GeV/c]
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Physics Performance of the Upgraded ALICE ALICE

Many new physics results to be understood (+ jet, exotica ...)

S [ Poeoa (s, =55Tev ":im;l"‘l """ ] g 10— T T < 2 A B B WA RARAN
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= 3 . Ktail w/o p (= 10%) r 1 i 1 - -t i
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E’ 00<p <3.0 —+— 2.5E9 'measured’ a L d . .
102 Lee Syst. err. bkg. (= 0.25%) - Ag . — — ALICE A/K‘s’ param (2.76 TeV) 1.4}
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