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ALICE Layout

* Introduction
* ALICE upgrade physics goals

» Detector upgrade plans (LS2 2018)

« Expected performance on selected topics
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e ALICE for studying the QGP

IR CENG Koo llieRilzeElIll Heavy lon Collisions produce a complex system of

ALICE main goals
Study the properties of the QGP:
» Collective phenomena
« Temperature(s), energy density
« Parton interaction with the medium

using several probes
(light hadrons, heavy-flavour, quarkonia,
jets, photons,...)

(+ extensive p-Pb and pp programme)

175 MeV

Temperature

strongly interacting matter

» Extended size

* High temperature, high pressure

* Local thermodynamical equilibrium

=» Phase transition to a deconfined state:

Quark Gluon Plasma

A Early Universe
oL HC

o RHIC

QGP

Critical point?

Hadron gas
Neutron stars
—>

Normal nuclear ma\ter

Baryochemical potential gy
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ALICE ALICE detector specificities

Excellent track and vertex reconstruction capabilities
(TPC, ITS) in a high multiplicity environment over a
wide transverse momentum range CENTRAL BARREL

acceptance: |n|<0.9

ALICE Upgrades LHCP, New York, 2-7/06/2014

Inner Tracking System
Vertexing, Tracking, PID

Time Projection Chamber
Tracking, PID , -
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ALICE ALICE detector specificities

Particle identification over a wide momentum range

Inner Tracking System

EletroMagnetic CALorimeter
Calorimeter, electron ID

Time Projection Chamber
Tracking, PID

High Momentum PID
PID

Transition Radiation
Detector
PID

Time Of Flight
PID

Vertexing, Tracking, PID

CENTRAL BARREL
acceptance: |n|<0.9
B=0.5T
SN




A.Rossi ALICE Upgrades LHCP, New York, 2-7/06/2014

ALICE ALICE detector specificities

Excellent muon identification down to low p;
at forward rapidity

Inner Tracking System
Vertexing, Tracking, PID

CENTRAL BARREL
acceptance: |n|<0.9
B=0.5T
SN

EletroMagnetic CALorimeter
Calorimeter, electron ID

Time Projection Chamber
Tracking, PID

High Momentum PID
PID

Transition Radiation
Detector
PID

Time Of Flight
PID

MUON
Spectrometer
acceptance: -4<n<-2.5
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Physics goals with ALICE upgrade

Main physics topics, exploiting LHC & ALICE specific potentialities:

Precise measurement of heavy-flavour hadron production (spectrum, elliptic

flow) in a wide momentum range, down to very low p-
Charm/beauty quark interaction with the QGP medium (in-medium energy loss)
«  Study degree of charm thermalization and possible hadronization via coalescence
*  Detect possible charm thermal production H
Th?l?'vyJOn Se
Jhp, ¢’ states down to zero p; in wide rapidity range Sday  ““Ssion
« Charmonium dissociation and regeneration pattern as a probe of colour deconfinement

Measurement of low-mass and low-p; di-leptons (from p,w,.. decay, in-medium
gg — ', direct photons) — electromagnetic radiation from QGP

Medium temperature(s)
*  Space-time evolution and equation of state of the QGP
«  Chiral-symmetry restoration — modification of p spectral function

... and more:
Jet quenching and fragmentation: PID of jet particle content, heavy flavour

tagging

Heavy nuclear states
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ALTCE ALICE upgrade strategy

Physics Goal
High precision measurements of rare signals at low p; which cannot be selected with a dedicated
trigger (very low signal/background)

Requirements

Large event samples on tape
- Target to L, 2 10 nb-! Pb-Pb minimum bias data + pp and p-A data

= Factor 100 gain in statistics for minimum bias trigger over the current programme

Improve spatial precision on track and vertex position

Strategy

Upgrade ALICE readout (for several detectors) and online systems
= Read out all Pb-Pb interactions at maximum rate of 50 kHz (set by LHC luminosity

target for Pb-Pb, £=6x10%"cm~2s-1) with a minimum bias trigger
=» Data reconstruction performed online

New silicon trackers: new Inner Tracking System (ITS, at mid-rapidity) and Muon Forward
Tracker (MFT, at forward rapidity)

@ Forward trigger detectors upgrade (Fast Interaction Trigger) and a possible new forward 8
calorimeter
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ALICE ALICE heavy-ion plan

Heavy-ion programme at LHC extended to Run 3 and Run 4
» As approved by the LHCC in December 2013
» Participation of ALICE, ATLAS, CMS, LHCDb (p-Pb)

ALICE Upgrade Letter Of Intent (2012)
CERNLHCC-2012-012, LHCC-1-022, 2012.

2013 2015 2018 2020 2023 2025 2029 >
Run 1 \ ' J
~0.1 nb! in Pb-Pb
Run 2 LS2 Run3, Run4
Collect 1 nb™in Pb-Pb  Major Run at high luminosity

collisions at top energy detector Collect >10 nb-!
(originally approved  upgrade

heavy-ion programme)

with improved detector
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ALICE ALICE heavy-ion plan

Heavy-ion programme at LHC extended to Run 3 and Run 4
» As approved by the LHCC in December 2013
» Participation of ALICE, ATLAS, CMS, LHCDb (p-Pb)

ALICE Upgrade Letter Of Intent (2012)
CERNLHCC-2012-012, LHCC-1-022, 2012.

2013 2015 2@18 2020 2023 2025 D29 >
Run 1 \ '
~0.1 nb' in Pb-Pb
Run 2 LS2 Run3, Run4
Collect 1 nb™" in Pb-Pbf Major Run at high luminosity
collisions at top energyj detector Collect >10 nb-'

(originally approved Jupgrade
heavy-ion programme)
with improved detector

In this talk




A.Rossi ALICE Upgrades LHCP, New York, 2-7/06/2014

ALICE

DETECTOR UPGRADE
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ALICE New ITS

Design requirements:
1. Improve impact parameter resolution by a factor ~3 (5) in ro (2)
=» Reduce pixel size (currently 50 um x 425 um)
« monolithic (MAPS) with size ~ 25 um x 25 um
=» Go closer to interaction point:
=*» new smaller beam pipe: 2.9 cm — 1.9 cm
=>» first layer with smaller radius (2.3 cm, currently 3.9 cm)

=» Reduce material thickness: 50 um S|I|con XX, from current ~1.13% to ~0.3(0.8)%
per layer

2. High standalone tracking performance
(efficiency, spatial and momentum
resolutions)

Increase granularity
-» Add 1 layer (from 6 to 7)

3. Faster (x50) readout: Pb-Pb interactions
up to 100 kHz

4. Maintenance: allow for removal/insertion

of faulty detector components during
annual winter shutdown
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ALICE

New ITS: performance

ALICE Upgrades

LHCP, New York, 2-7/06/2014

Track reconstruction efficiency

1

Studies done with simulations with realistic and

complete detector geometry and material

budget description.

Track spatial resolution at the primary vertex

Pointing resolution (um)
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ACICE Muon Forward Tracker

Hadron Absorber .
l Complementing muon spectrometer

at forward rapidity

Muon Spectrometer

Extrapolating back to the vertex region degrades the information
on the kinematics and trajectory

-> Cannot separate prompt and displaced muons

14
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ALICE

ALICE Upgrades
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Muon Forward Tracker

Hadron Absorber

l

——

N

%

Muon Forward Tracker

Muon Spectrometer

Complementing muon spectrometer
at forward rapidity

Muon tracks are extrapolated and matched to the MFT clusters before the absorber

High pointing accuracy

Separation of charm and beauty signals (single u, JAp)

15
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ARIGE Muon Forward Tracker

Muon
Absorber

Offset resolution along X

-E' 160
= 140 1 With 15 MM misalignment
& ] — 60 ym pointing
120 1 g resolution at high p;
100 | &
80 =
] —
] e
60 = T e ntapg™
40 1’]<'3.2
20
. 1 n>-3.2
o 2 4 6 8 10
CERN-LHCC-2013-014 ; p, [GeVic]

LHCC-I-022-ADD-1

5-6 planes of CMOS silicon pixel sensors
(same technology as ITS):

« 50<z<80cm

* R, ® 2.5 cm (beam pipe constraint)
« 1M<R,,<16cm

« Area=2700 cm?

« X/X,=0.4% per plane

« Current pixel size scenario: ~25 x 25 ym?

Technical Design Report in
preparation

16
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HV electrode (100 kV)

auce ALICE at high rate: - ]
TPC Upgrade . Gl

Goals

» Operate TPC at 50 kHz
» Preserving current momentum resolution and PID capability

Current TPC readout based on MWPC limits the event readout
rate to 3.5 kHz

=» Upgrade TPC strategy

 New readout chambers: MWPC replaced with micropattern
gaseous detectors, including GEM (Gas Electron Multiplier)
» No gating, small ion backflow

» Redesign TPC front-end and readout electronic systems to
allow for continuous readout

« Significant online data reduction to comply with the limited
bandwidth
* Online cluster finding and cluster-track association

» Using the same field cage
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e ALICE at high rate: TPC Upgrade

Expected performance:

* p; resolution practically unchanged for TPC+ITS tracks

(simulations)

« dE/dx resolution comparable to current performance

(beam tests at PS)
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Upgrade of the

Time Projection Chamber
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» Good e/ separation
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Data flow, the new DAQ and HLT systems

Continuous read out of 50kHz of Pb-Pb interactions
—Increase by ~2 order of magnitude of events to be recorded

— Severe requests to the online & offline systems Upgrade of the
—New DAQ and HLT systems

Input to the online
system (after zero
suppression):
~1.1 TByte/s
(~90% from TPC)

a

Readout & Trigger System

A
P ju»»

CERN-LHCC-2013-019 :
ALICE-TDR-015

data organized in
event/common time

window

Common HLT and DAQ fam

Peak output
Track & Event ~82.5 GByte/s
reconstruction x13 reduction!
reduction factor L
ocal
(TPC): 4-6 — Data
» store only relevant
information (x2-3) Storage
 data format
optimization (x2)

Online-Offline
TDRin
preparation

|, Computing

centers

Average output
~13.2 GBytels

J
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EXPECTED PERFORMANCE
(FOR SELECTED PHYSICS OBSERVABLES)
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e Heavy Flavour: energy loss e,

» Heavy quarks are produced mainly at the beginning of the
collision in hard-scattering processes (high Q?) path length L

 Pass through the medium and interact with it, losing energy

« Partonic energy loss expected different for gluons, light
quarks and heavy quarks. Mass effect:AEC > AEb

C g rton
yield in Pb-Pb @ ol
= . D B
“~ yield inpp xN,,, R, <R,
T T Current measurements

12] e e oty Ooors f Indication of larger energy loss for charm than beauty at high p;

Correlated systematic uncertainties
[ Uncorrelated systematic uncertainties

s 05 <w0cva | However lack information at low py, where the mass effect is
08; !! .@. Djordjevic D mesons (8<pT<16 GeV/c) ; expected to be Iarger
os- I’ ,
o4l = {CMS, Jhp from B
T o 16.5<p;<30 GeV/c
02« gy o (W H]: - ALICE, D mesons
i |:|S‘ysterTnati(‘: uncenai‘nties C‘MS-PAS-I‘-IIN-12-O1T ‘ ] 8<pT<16 GeV/C
o L1 L1l L1l L1l L1l L1

L1l L1l
0 50 100 150 200 250 300 350 400
( N, Weighted with N

@ @ 21
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ALICE Heavy Flavour: energy loss

» Heavy quarks are produced mainly at the beginning of the
collision in hard-scattering processes (high Q?) path length L

 Pass through the medium and interact with it, losing energy

« Partonic energy loss expected different for gluons, light
quarks and heavy quarks. Mass effect:AEC > AEb

: : parton
yield in Pb-Pb
AA T . . D B
yieldinpp x N, Ry <Ry
51.47 T 1T ‘ T T T T LI T7 - .
T [ Popb, sy =276 TeV ] With upgrade: access to beauty at low p; via:

12? L] /83\I<_’I)CI<E12raI(i§r|\'}i/|?:a|l'¥|EOn;esons ] ::( 27 LI I L B |(|) | |_| TT[rrrrrrrrr]

" orrelated s st;ma ic.uncer ainties | o - Non'prompt D'— Kana* ] .

) £ Uncoreiaed ysomat ncearies | 1.8 E Displaced D mesons

N Tt st I 3 PL-Pb\5y= 5.5 Te

B II - - - Djordjevic D mesons (8 <p_< 16 GeVic) B Lint =10nb’, Centrallty 0-10% A

i measurement 120 E econdary
0.6~ ommell =--- ] C ] K-

i ] L - K-
0.4/~ 0.8~ D from B down - 00 -~

i C _ ] mt

- - Sy, ] 0.6 to p=2 GeV/c - Do, s
021 © cus ey erenot (8] 7] -t L e

B |:|SysterTnatic unceriainties CMS-PAS-HIN-12-014 ] 04: -H-—H—_E_E_—E— ] e / :\ ~~~~~~~~

L1l ‘ L1 ‘ | ‘ | ‘ | ‘ L1l ‘ L1l ‘ L1l ; _] -
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< Npart Welghted with NCoII> 07 o v b b b s P 10 Prlmary

0 5 10 15 20 25 30
© O 22
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ALICE Heavy Flavour: energy loss

» Heavy quarks are produced mainly at the beginning of the
collision in hard-scattering processes (high Q?) path length L

 Pass through the medium and interact with it, losing energy

« Partonic energy loss expected different for gluons, light
quarks and heavy quarks. Mass effect:AEC > AEb

. . arton
yield in Pb-Pb P
AA T . . D B
yieldinpp x N, Ry <Ry
gl AT T . )
T [ Popb, sy =276 TeV ] With upgrade: access to beauty at low p; via:
12? n /83\|<.’|)C|<512r8|:9r(}lll'(l:!all'¥|20n;esons i 8 T \-'\-‘ \_\O\ ‘ L ‘ L ‘ T T ‘ L ‘ L ‘ T T F II B t t. .
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1 - - Djordjevic Non-prompt J/4p (6.5<pT<30 GeV/c) E C Lim = 10 nb y Centrallty 0'100/0: ce ntral Pb-Pb COII|S|OnS

o Drorcionic D o g creavloss) 32 L 1 —
ool ] TR B | ] Down to p=2 GeV/c

S m ; " | : Secondary D°

i ; measurement - S |t ]
0.6 Al " it — )

R %ﬁ -l B ] 10k ‘ \ T ‘H K
o W ¥ T | Closer to b-quark o S
0.2; ) gl;ﬂSPrggngn%r}ll\:or-promth/w - S « : % : momentum B- .“,/,

.5<p < eV/c, lyl<1.2 -7
:I:IS‘ySterTnati(‘:uncertai‘nties C‘MS-PAS-I‘-IIN-12-O1T ‘ ;\ \/
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< Npart Welghted Wlth Nco”> 10 [ é | . 4‘- 11 é 11 é L1 \1 b\ | \1 ‘2\ | \1 ‘4.\ | \1 6
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ALICE Heavy Flavour: energy loss

» Heavy quarks are produced mainly at the beginning of the
collision in hard-scattering processes (high Q?) path length L

 Pass through the medium and interact with it, losing energy

« Partonic energy loss expected different for gluons, light
quarks and heavy quarks. Mass effect:AEC > AEb

_ yield in Pb-Pb J Pl
" yieldinpp x N R), <R},

coll
51.47T LI ‘ T TT ‘ LI ‘ LI ‘ ‘ ‘ 1T ] - .
T L PbPb, |5y =276 TeV ] With upgrade: access to beauty at low p; via:
1.2~ ] QLICE@raIirCIi/rlall'ylEOn;esons ] < 27 LA L L L L L L L L O L L
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r rrT matic uncertainti 1l o C = ] te-
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: “““““““ B}org}evic mon-ZromE:j;wp :fvifh (?I}ua?l?j]e\:;y)loss), 16: t v ] at mldrapltlty down to 1 GeV/C
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ALICE Heavy Flavour: energy loss

» Heavy quarks are produced mainly at the beginning of the
collision in hard-scattering processes (high Q?) path length L

 Pass through the medium and interact with it, losing energy

« Partonic energy loss expected different for gluons, light
quarks and heavy quarks. Mass effect:AEC > AEb

: : parton
yield in Pb-Pb
AA T . . D B
yieldinpp x N, Ry <Ry
<<(1.47T 1T ‘ L ‘ T 1T ‘ T 1T ‘ T 1T ‘ L ‘ L ‘ 1T ] - .
T [ Popb, sy =276 TeV ] With upgrade: access to beauty at low p; via:
1.2~ m ALICE Preliminary D mesons — ) 5 GaV/c —35
- 8<p <16 GeVIc, [y<0.5 g - P.< um . _
: oo sommic wcstsitis 1 40 £ gy -~ BKG Displaced Jhiy—=u*u
b B Uncomrelated s ystematic uncertainties i S g — Prompt . ge .
e e s oo - —nonpompt | At forward rapidity with MFT
[ II [ DjordjEViCDmCES(as;.sFéTF{E GeV/c) i 103 |
0.8— e H — ;
Ll ] C
i measurement - F Primary J/y Secondary J/y
0.6 . 2 L
1B 1 10%
RN - W
0.4 w- -
i 10 T Jp # 1
02 @ gl Py Moo by RUINS N
: |:|SysterTnatic uncertainties CMS-PAS-HIN-12-014 : 1
\\\\‘\\ L1 ‘ L1l ‘ L1l ‘ L1l ‘ Ll 11 ‘ Ll 11 ‘ L1l H
% 50 100 150 200 250 300 350 400 L S B Primary
(N__ weighted with N, -2000 -1000 O 1000 2000 3000 4000 vertex
part

@ @ L, [um] 25



A.Rossi ALICE Upgrades LHCP, New York, 2-7/06/2014

e Heavy Flavour: hadronization

* Investigate possible baryon/meson enhancement and
strangeness enhancement in charm sector
« Radial flow effect? (velocity field — larger momentum
for heavier particles)
» Hadronization via coalescence?

:> Heavy Flavour Baryon (A, A, )? € degree of thermalization of HF quarks

A /D’
ow 2.2 e 2.0
¥ 2 Pb'Pb at \SNN=276 TeV, |y|<05 three-quark model ] 02_ LIS R B B N N B B NN L B B B B NN L B (N N 7
< - | — —_ diquark model © 0.18F Pb-Pb,\[syy = 2.76 TeV, 0-10% ]
1.8F AJKO tral A 2'5%0 [ &—e PYTHIA - ]
ok s central()) = = =200 GeV 15 0.16- E
f aat 4 6080% ! ] 0.14F =
14p 2" faa R ﬁA /DQ\ ] o o012F =
12F B —+— pp atﬁigg?v,vuﬁobsm [ “7C \ 0 o oiE x1.5 E
3 ol T pealemoa e ‘ ' S oost enhancement ]
systematic uncertainty < i 0 + B
| < oo A(DO+D) f
102 0.04_— =
ent F 1
i 0.02 3
i é ‘ 0_...|...|...|...|...|...|.._
500 0 2 4 6 8 10 12
8I - 1|0 o 12 P (GeVic)
B. Abelev et al., ALICE Coll. p. (GeV/c) C.M.Ko et al. PRC79 R. Rapp et al. PRC86

PRL 111, 222301 (2013).
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e Heavy Flavour: hadronization

* Investigate possible baryon/meson enhancement and
strangeness enhancement in charm sector
« Radial flow effect? (velocity field — larger momentum
for heavier particles)
» Hadronization via coalescence?

:> Heavy Flavour Baryon (A, A, )? € degree of thermalization of HF quarks
A= A, ct~419 um

-t ~ . °
A~ pKt* , ct~60 um BR: 5.0£1.3 % Ls A~ pKt*  BR(tot): (4.5+1.9)x10

o 10|||||||||||||||||||||||||||||||||||||||||||

Fon B i q) kT TT { TTT { TTT { TTT { TTT { TTT { TTT { TTT { TTT { TTT { TTT { TT1T { ]
£ (&)
[ ] 14/ o \[Su = g
go - Pb-Pb,\/ST\”\I =55TeV i é - Ab% A Pb-F:b, SNN — 55TeV 1
s i . L, =10 nb' centrality 0-20% A = o0 L, = 10 nb™, centrality 0-20%
ﬁ - ‘\ ] 9 : :
& ALICE A/KS param (2.76 TeV) » Jor b
@ i [ e Ko et al. (200 GeV) ] C = ]
< i i} ! ——— TAMU, Rapp et al. (2.76 TeV) | gl Il B

| 6 | 7

L | . ;

‘4 —— Baryon with beauty

- H e oF also accessible! -
_||||||||||||...I...I...I...I...I...I...I|||_ Ok11lllllllllllll11llllllllllllllllllllllllllllll:
0O 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 24
p; (GeVic) p, (GeVic)
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ALICE Di-electron production

One of the most fundamental measurements, sensitive to:
« chiral-symmetry restoration by modification of p-meson spectral function
« partonic equation of state studying space—time evolution with invariant-mass and p;
distributions of dileptons
» photon thermal emission extrapolating to zero dilepton mass

—
(=)

D PbPY @\B=55TOV —— Sum 3

8 0-10% Rapp in-medium SF =

P |ty <084 Rapp QGP I

T 1 £ Py >0.2GeVic ——— cocktail wio p E

23 ? 0.0<p“.<3.0 —— ¢T — 88 E

3 i Target measurements:

° 10,,__‘4 from p decay fomQGp - * di-electronyield vs. mass and py
— hadrgnic phase g =!I (require background subtraction)
1+ di-electron elliptic flow

-2 —
10 o N
- 1 :
/A 1 New ITS
10 £ | : 'l 3 <+ Reduced combinatorial background
¢ physical \ 1 (reduce impact of y-conversions)
- backgrounds |\ 4
10-4 pao o e a bl llll‘ljl‘ll L

0 02 04 06 08 1 1.2 1.42’
CERN-LHCC-2012-005, LHCC-G-159, 2012. M. (GeV/cY) 28
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ALICE Di-electron production

Excess after background subtraction

T [rodeea-55Tv — Reppsum 1 < F PoPb@\sy=55Tev — Rappsum °
& 15 0-10%, 2567 —— Rappin-mediumSF 3 © - (.10%, 25E9events —— Aappin-mediumSF -
= ly I <0.84 fapp QGF 1 S0 ly 1 <0.84 Aapp QGP E
- H p:.> 5 G m—tb— gys;it:l ::e::g- cT - cockt 3 ' p$e> 0.2 GeV/c 5:5:..:..5::.5 2.5E9 'meas.’ -cc-cockt.;
§81U1 | 00<p,, <30 B Syet. o =+ cockisl - gw_z | 0o<p_ <30 E== syst err. v+ cocktail ]
: 1 2
© - - . .
_ | Dedicated run i
102 = 1034 with B=0.2 T =
I ] 104 =
10°E s =
: 10° h
104F - Extended "
: N 105k mass range. = -
- L LA - Eov o b B v &L s NE
0 02 04 06 08 1 1.2 1.4 0 0.5 1 15 2 25
ERN-LHCC-2012-005, LHCC-G-159, 2012. 2 : ' N
c CC-2012-005, LHCC-G-159, 20 Mee (GEV/CD) e RN-LHCC-2013-024 ; ALICE-TDR-017  Meg (GeV/c?)
current ITS and event rate: new ITS and high-rate:
large statistical and systematic uncertainties precise measurement

Allows for an estimation of the temperature at various phases of system expansion
with 10-20% precision (stat.+syst.) 29
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aizce Summary: ALICE Upgrade Physics Reach

Central barrel, mid rapidity

Current, 0.1nb~1

Upgrade, 10nb~!

Observable p!f‘i“ statistical pi}‘i“ statistical
(GeV/e)  uncertainty  (GeV/e) uncertainty
Heavy Flavour
D meson Raa 1 10 % 0 0.3%
D. meson Raa 4 15% <2 3%
D meson from B Raa 3 30 % 2 1%
J/1 from B Raa 1.5 15% (pr-int.) 1 5%
BT yield not accessible 3 10%
Ac Raa not accessible 2 15%
A/ DY ratio not accessible 2 15 %
Ay, yield not accessible 7 20 %
D meson vg (vy = 0.2) 1 10 % 0 0.2%
Dg meson vy (vo = 0.2) not accessible <2 8%
D from B vy (vo = 0.05) not accessible 2 8 %
J/1 from B vy (vy = 0.05) not accessible 1 60 %
Ac v (v2 = 0.15) not accessible 3 20 %
Dielectrons
Temperature (intermediate mass) not accessible 10 %
Elliptic flow (v = 0.1) [4] not accessible 10 %
Low-mass spectral function [4] not accessible 0.3 20 %
Hypernuclei
AH yield 2 18% 2 1.7%

pr coverage (p™") and statistical
uncertainty for current ALICE
detector with original programme
and upgraded ALICE with extended
programme. For heavy flavour, the
statistical uncertainties are given at
the maximum between p; = 2 GeV/c
and p;mn,

Improved
precision

New observables
accessible

Charm and

beauty era of the
QGP

30
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aizce Summary: ALICE Upgrade Physics Reach

o pr coverage (p;™") and statistical
Forward rapidity error for current Muon Spectrometer
and with the insertion of the MFT.

MUON only MUON + MEFT
Observable min min
( Gpe TV /0) uncertainty ( GIZ: T{/. /6 uncertainty

Inclusive J /4y Rpa 0 5% at 1 GeV/c 0 5% at 1 GeV/c
P Raa 0 30% at 1 GeV/c 0 10% at 1 GeV/c
Prompt J /v Rpp not accessible 0 10% at 1 GeV/c Im proved
J /1) from b-hadrons not accessible 0 10% at 1 GeV/c preClSlOn
Open charm in single u 1 7% at 1 GeV/c
Open beauty in single u 2 10% at 2 GeV/c NeW Obse rvables

in si accessible
Open HE in single y 4  30%at4GeV/c
no c/b separation

Charm and

Low mass spectral func. not accessible 1-2 20% at 1 GeV/c

and QGP radiation beauty era of the

QGP
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ALICE

Find much more In

Upgrade of the

Inner Tracking System

tual Design R rt

CERN-LHCC-2012-005,
LHCC-G-159, 2012.

ALICE Upgrades

Upgrade of the

Inner Tracking System

CERN-LHCC-2013-024 ;
ALICE-TDR-017

ALICE

Upgrade of the

Letter of Intent

ALICE Experiment

CERNLHCC-212-012,
LHCC-I-022, 2012.

Upgrade of the

Time Projection Chamber

CERN-LHCC-2013-020 ;
ALICE-TDR-016

LHCP, New York, 2-7/06/2014

Upgrade of the
ALICE Experiment

The Muon Forward Tracker

45
&) \“"
> $.\

CERN-LHCC-2013-014 ;
LHCC-I-022-ADD-1

Upgrade of the

Readout & Trigger System

CERN-LHCC-2013-019 ;
ALICE-TDR-015

32
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ALICE Upgrades

LHCP, New York, 2-7/06/2014
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ALICE The Pixel technology

Monolithic Active Pixel Sensors (MAPS) - - e
using Tower Jazz 0.18 um technology DIODE TRANSISTOR /  TRANSISTOR

« Chip size: 15 mm x 30 mm e [:j (e L/ ML
* Pixel pItCh ~30 um “:;::\ A r__,‘DEEPPWEL"
» Sithickness: 50 um e/ a
 Spatial resolution: ~5 um : . /" :
« Power density < 100 mW/cm? M e
* Integration time < 30 us Epitaxial Layer P- N (o
ASTRAL
ALPIDE AP CONP MISTRAL / ASTRAL e ow
- . - —— TH
Oorooroore L el W QGDGE}“QQG\/WW
)&
(e O OHs 0 s 0 O s [ *ml!ll!ﬂtl!\ D
(HED O &0 R0 O 0 TTEHEREEREREEREREE
(HEHO CHED SO HE D Se'f-trggrgered LHEHOHCHEHEHCHECE  Rolliing
CH K KOCH KO0 ) global shutter - LH CHCH CHOH CHCH L1 shutter
GTDDTDDTDDTD LH CHCHCHCH CH R OH

SUZE (Zero Suppression and Encoding)

Buffering and Interface
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ALICE N ew ITS Inner barrel (3 layers)

2.2<r <4.2 cm, X/X,~0.3% per layer
n coverage: |n|<1.22 Layer 1 Loyer2

Rmax 34,60 Rmax 42,10

Rmid 31,50 Rmid 39,30

Rmin 30,10 Bt v Rmin 37,80

Layer 5

Layer 4
Rmax 247,00 Rmax 345,40
Rmid 245,45 Rmid 343,85
25G pixels
~10 m?
Layer 3 Y '7,7 Layer 6
Outer barrel (4 layers) arid 19605
19.4<r <39.5 cm, x/X,~0.8% per layer ~ "=~ N\ XPn T
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ALICE New ITS: performance

Track reconstruction efficiency

100 e G e B T E T 3
Results obtained from simulation with : ¥ 750% officibni
realistic and complete detector geometry 80} d(l\'\?h t0 0.1 _0 9 GaVlc
and material budget description ; IR REt
ALICE
60 - _:: --------- Current ITS
; Upgraded ITS
40 [ :-" IB: X/X,= 0.3%; OB: X/X =0.8%|
Track spatial resolution at the primary vertex L
€ 4007 B : S — 20r TS $’t#ﬂda ne
st - % ALICE i |
2 350 F s ==s@=s= Current ITS, Z (Pb-Pb data, 2011) |- O- i I
% E '_. -~ Upgraded ITS, Z 10° 1 10
8 300 . —®— CurrentITS, rg (Pb-Pb data, 2011) | CERN-LHCC-2013-024 ; ALICE-TDR-017 p_(GeV/c)
(@)] L K Upgraded ITS, 10 .
S b i hiii T Transverse momentum resolution
€ 250 Fiom-Guptars-iM-talk ~ 7
< - i S .
a 5 an E{ .[__ITS standalone )
200¢ i a | | (%2 better than current ITS) 4
\ gil® R y-((f_'
150+ " : B T o
F S =N RS
100F \.,.- A i SELEON IR e - = sl
E \.\X:; : ‘\\‘IT S-'PTF": tl' cks 3L —&— (TS stand-alone
- ol B - —e— ITS4TPC
50 - N —.“" 2 L Fast Monte Carlo (ITS stand-alone) il
L | \Nh__.. *".'h( N i —
ok i Rt TR wv‘OJ,L--o--IQ [, | | =———— FastMonte Cario (ITS+TPC) g 4:4"(
' ' T : P
10 1 10 L eeees="" 1164 TPC tracks
p, (GeV/c) of __ITS+ TRE track

1 10 p, (GeVrc)
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ACICE Muon Forward Tracker

U 5-6 planes of CMOS silicon pixels sensors
(same technology as ITS):
Offset{ """ ' i‘“_ « 50<z<80cm
Xge e bt Muon
#  Absorber . R =2 5cm (beam pipe constraint)

* 1M <R, ,<16cm
« Area= 2700 cm?

ITS MFT  MFET cone - « X/X,=0.4% per plane

- « Current pixel pitch scenario: ~25 x 25 ym?

MFT planes are ladder assembly of active and
readout zones with

CMOS sensor on both sides of the plane: no
dead zone

Beam pipe Beam-pipe

Absorber
support 37
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ARICE Muon Forward Tracker

5-6 planes of CMOS silicon pixels sensors
(same technology as ITS):

« 50<z<80cm
* R, ® 2.5 cm (beam pipe constraint)

« 1M<R,,<16cm
« Area= 2700 cm?

« X/X,=0.4% per plane

ITS MET  MFT cone FIT

- « Current pixel pitch scenario: ~25 x 25 ym?

Technical Design Report in
preparation

Beam pipe Beam-pipe

Absorber
support 38
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ALICE ALICE at high rate

Current TPC limitations

GG open GG closed
inter. L1a (drift time) (ion coll. time in ROCs)
v Yo v v .
t0 t0+7.7us Int. + 100us Int. + 280us

» gating grid of readout chambers closed to avoid ion feedback
« Limit space charge to tolerable level
« Effective dead time ~280us, maximum readout rate: 3.5 kHz

« alternative: gating grid always open
« |lon feedback ~1032 x ions generated in drift volume
« Large space charge effects (of the order of electrical field)
« Space point distortions (at 50kHz) of order of 1 m — not tolerable!!

Our TPC Multi Wire Proportional Chambers not
compatible with 50kHz operations!

39
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e ALICE at high rate: TPC Upgrade

GEM technology already used in particle physics (COMPASS, LHCb, PHENIX, TOTEM)

Extensive dedicated studies started in 2012

« Technology choice:
» Baseline: stack of standard (S) and large pitch (LP) 4 GEM foils
 Alternatives: 2 GEM + MicroMegas (MMG)

lon backflow (<1% at gain=2000)

Gain stability

Discharge probability

Large size prototype

Electronics R&D

Garfield simulations

Performance & physics simulations

Collaboration with RD51 at CERN

| Large Pitch GEM (LP) u ‘
e O o o R e

Cover electrode

GEM1(S) L%;_] E @

GEM 2(LP}—== - —_— ;me

GEM 3(LP‘I = E I_%x_] =2 mm

GEM 4 (S)I = = SN |2 mm
L — | e L —— | [2mm

Pad plane (I

Strong back
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e ALICE at high rate: TPC Upgrade

GEM technology already used in particle physics (COMPASS, LHCb, PHENIX, TOTEM)

Extensive dedicated studies started in 2012 PID
« Technology choice:
» Baseline: stack of 4 GEM foils
 Alternatives: 2 GEM + MicroMegas (MMG)
* lon backflow (<1% at gain=2000)

of = pions p=1GeV/c
- —— electrons ‘,r_ G=5000 .

Collaboration with RD51 at CERN

Performance & physics simulations Beam test at PS
ransverse momentum resolution » Good e/r separation

"""""""""""""""" AL « dE/dx resolution
' MWPC (current TPC) | comparable to current

_ TPC only tracks E O : performance
- TPC constrained tracks 7 - ’

TPC + ITS tracks

O (GeVlc)

o
o
—

=)
o
&

cC
O
-
S 0.006
@)
n
(O]

=
i

Upgrade of the
Time Projection Chamber

1prr

1Lp C!GeV)

_IIIIIIIIIIIIII[IIIII IIIIIIIIIIIIIIIIIIIIIIII ]
01 015 0.2 025 03 035 04 045 05 o0 005 01 015 02 025 0.3 035 04 045 05

1/p_ (GeV/c)' < (/S8 Bl CERN-LHCC-2013-020
pr (GeV/c) i 2 20 pg (GeVic) ' ALICE-TDR-016
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Pile-up effect

TPC to ITS track Matching efficiency

*(B' 1H:'_:d__—§:=!r_'=*ﬁ“*¢i_—*=‘=¢:*j¢q4;ﬂw¢*&*:
— ] e
x =
Q . [y Efficiency, Ncl __ >4
e | —=— 1 central event
,&) ™ —=— 1 central + 3 min. bias events
o] —— 1 central + 6 min. bias events
S 0.6
>'; -
o -
GC) i
(:) 04 Fake-track rate, Ncl s >4
3= To— —s— 1 central event
L —— 1 central + 3 min. bias events
02 o —e— 1 central + 6 min. bias events
T |
—— H
- ——| :
i 'v—D—_a;: i
0 T Fo-ce-{ oo {o-p it
p (GeV/c)
t
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e Heavy Flavour: production

L L B B
. . . S O_, Kt . —
- Heavy quarks are produced mainly at the beginning of the S\iorp PR PO-POSw=585TeV
collision in hard-scattering processes (high Q?) 4 Contraliy 0-10%
o] ~ u
S | R |
» Possible charm thermal production? 2 ).l T _—
- may increase the yield of charm hadrons atlow p; by | g| [ t-"~"" E
0 s| f —+—
up to 50-100% gl [ + ]
* Need to measure open charm production down to p=0 S| « Upgraded ITS
« Current measurement down to p=1 GeV/c Um-s% * Current ITS .
» ...very unlikely to go at 0 -> ITS upgrade fundamental I ]
 This would provide the natural normalization for total L P YA
. . . . . T
charmonium production (main uncertainty for regeneration o _
models.). Significance>100 with 10 nb-"
120 . : : T T T T——— } 141 ALICE Preliminary, Pb-Pb\s,,, = 2.76 TeV, L= 70 b’
(C.Greiner etal. PRO2)...rvrweers (| o | () 8 el ema lanie
o~ 110 Pb+Pb 1 1'2__ ALICE Trar{sponModeu(x,Zhao&él,.NPAssg(zén)114)
— | PRELIMINARY SN\ Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
% 100 i K " \/S - 55 TeV | 1 &‘ 4 L ‘Shadowing+vcomov‘efsuecomb|vnalion (;. Ferreiro.priv.(v:ovmm.)
T 9} 0.8k /////// J/ll) do,, /dy=0.25 mb
S el s P 4 i
70 F s || o ’§

: 4k
60 | Mini-jets, M=1.5GeV -+ | 04t
CGC, M=1.5GeV e [ do, /dy=0.15 mb
50 | PYTHIA, M=1.3GeV -----~ 1 0.2
PYTHIA, M=1.5GeV k
40 ' ‘ : : : : ' ) PRI S I I P B B
o 1 2 3 4 5 6 7 8 0 50 100 150 200 250

300 350 400
Time (fm/c) <Npart 43
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ALICE Quarkonia

4
g T4r ALICE Preliminary. Pb-Pb {5 =276 TeV. L ~ 70 ub” i Inclusive J/y, 2.5<y<4
Qc K m Inclusie Jiy. 2'",;Ky<4' 0,8 Gew‘.: global ya.== 14% 19 C Pb-Pb | $y=2.76 TeV, L= 70 ub™ . zhao et al, NPA 859(2011) 114
12F N weem Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081 . —m@k}gﬁy global sys.= +6% primordial'
- L — regeneration
I 1 o 7/ total
PN"¢fommencee=,  esssssssscsccscscccccccccced

Y O0<p;<2 GeV/c .o« <2Gevic
0.8 [ ¥
08 I
04f : 4r R
i do /dy=0.15mb 0.2 L [
02r 0<p;<8 GeV/c :
B —lIIIIlIlIlIllIlIllIlIlIIIlllllllllllll
0-lllllllllllllllllllIlllllllllllllllllll Oo 50 100 150 200 250 300 350 400
0 50 100 150 200 250 300 350 40( (N 0
: . . (N
2 different scenarios describing data par’ g 9
. . . . . S [ ALICE inclusive J/y and y(2S), 2.5<y<4
« statistical model: all JAp generated at hadronization S gl PoPb 1278 Tov, L= T0up” )
. = PP, \s=7 TeV ALICE
from deconfined c and c-bar B e s o 26
» kinetic model: J/y can survive in the medium as (to be) = ol oI seezsg i
hadron + recombination from deconfined c-quarks 3 55 oushmazay J
= 5F ’
s F !
* need precise measurement of total c-cbar production o * [
to constrain models ERL i
* need precise measurement of elliptic flow v2 z% J 5% CL
- need information on other charmonia states :> 1j_..:::':=.r.::;*7;;;_.:_.15_??.;2;;;_5} ........................... 1 ..............
« tension between CMS and ALICE y(2S)? N T T T

0 50 100 150 200 250 300 350 400 44
part
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ALice Quarkonia: expected performance

>

J
Absolute error on v,

0.08

0.07

0.06

0.05

I|IIII]IIII|II]I|IIII

0.04

0.03

0.02

0.01

full: TPC PID, open: TPC+TRD PID (]y|<0.9)
centrality: 10-40%

C§?||

® —— E
e L =1nb", current readout|
m L,=10nb’ E
——
O—i Jhp ->ete-
" (central barrel)
— ——
o ]
—f ]
—{F— .
11 I 11 1 1 l:l
6 7
(GeV/e)

y(2s): can discriminate
between kinetic and :>
statistical models

Factor 10 improvement with upgrade at central
rapidity (di-electron channel)!

Factor 3 at forward rapidity (di-muon) w/o MFT

With MFT further S/B improvement by factor
~6-7 via PCA selection

<: Precise J/iy v, measurement

also at central rapidity

\5— é 1 :5’- é 142 _l TTT [ TTrTT I TTTT I L [ TTT1T I TTITT I TTr1rT [ TT 1T I I_
™ [ o L pp (N_ ) scaling i
= +, .- =~ coll
>3 | P(2s)->u*u 2. 1
X 0.8— 4 =3 A ]
L transport model o= B ]
L 08| _
0.6 B N 3 transport model (|'s,=2.76 TeV) .
- \% i 06 - (dashed: w. shadowing) ]|
. -—‘-“"‘M— B L T i
04t L P(2s)->ete—0un T 1
L 4 -
: statistical model 0 :( entral ba I'I'el) A .
021 _ o i + statistical model + ]
- PoPb s 276TeVy=0 5 [ symbols: expected ALICE data (1<0.9) ]
0 1 1 1 1 1 1 1 1 1 |
0 700 200 300 400 0556906150200 250 300 350" 400
Npart N

1\
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ALICE

* baryon/meson enhancement and strangeness

enhancement in charm sector

« Radial flow effect? (velocity field->larger momentum

for more massive particles)
 Hadronization via coalescen

ce?

Heavy Flavour: hadronization

:> Heavy Flavour Baryon (A, A, )? € degree of thermalization of HF quarks

:> Charm strange meson, D.: recombination with strange quarks from the medium?

< 2 1
o 1 8» He, Fries, Rapp, based on arXiv:1204.4442 § O 2r
Pb-Pb, 2.76 TeV, 0-10% 1 £ 18
1.6’— o
D;atT, G 1.6
; <
14 ———DatT,, 1.4

Factor 2 enhancement
predicted by coalescence

—_

>
[ 1T ‘ LI ‘ 1T ‘ 1T ‘ T

Pb-Pb,\/s\ = 2.76 TeV

ALICE

PRELIMINARY

* Average D°, D¥, D" 0-7.5%, |y|<0.5
I ¢ D} 0-7.5%, |y|<0.5

Filled markers : pp rescaled reference
Open markers: pp P, -extrapolated reference

Current measurement

&
T

0.8 models 0.8
77, - ...intriguing E
0.6 g 0.6F 3
04{- \\\=_=_¢,_.c«—p‘\_,_/ \./'\;j 0.4: H 4H7 E
C . C ]
0.2F 1 o2 M ﬂ:—ﬁ—_ﬁ_ =
rwlllll l lll.llllllllllllllul“llllll‘ 4 :\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
& 2 46 81012141618202224 % 25 4
p (GeV/c)

P, (GeV/c)

< 2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
< - -

Pb-Pb,\[sy = 2.76 TeV—:
L, = 10 nb™", centrality 0-10%

@ 4 gk Di— K'Kn*

.|.

llllllllllllllllllllll

© o o
A OO

X
|

lllllllllll

2
-~ -
o)
©

With high rate negligible statistical
uncertainty (per cent level) down to low p;

"0 12 14 16 18 20 22 24
p. (GeVic)
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e Heavy Flavour: hadronization

* baryon/meson enhancement and strangeness
enhancement in charm sector
« Radial flow effect? (velocity field->larger momentum
for more massive particles)
» Hadronization via coalescence?

:> Heavy Flavour Baryon (A, A, )? € degree of thermalization of HF quarks

lllllllllllIIIIIIIIIIIIIlllllllllllIIIIIIIIIIIIII

ty

: - . o 10II|III]IIIIIII|III|III|III|III|III[I|I|III
- - o L -
‘W13 Ac— pKo? Pb-Pb,\[s\\=5.5 TeV | = i i
5 10 - centrality 0-20% 3 S) R Pb-Pb,\s\y=55TeV ]
e I 8 . ] = - L. = 10 nb™", centrality 0-20% -
S 02 L 4 Current ITS, 1.7x10" events (No high-rate) | 2 i |
61 E . e Upgrade ITS, 1.7x10° events (No high-rate) 3 - ‘ e ALICE A/Kg param (2.76 TeV)
=2 - = Upgrade ITS, 1.7x10'° events (High-rate) - ) S ¢ . Ko et al. (200 GeV) R
'%- 10 A = } i _/H_ —— TAMU, Rapp et al. (2.76 TeV) |
w new ITS -
()] “ A 4
.Z = T A —= = -
£ Thigh rate 3
107 ¢ -
z § . H _
10-2;111[llllllllllllllllllllllllIllllllllllllllllll? _lllllll]lllIIIllllllllllllllllll]]|[|||l|||
0O 1 2 3 4 5 6 7 8 9 10 0 2 4 6 8 10 12 14 16 18 20 22
P, (GeV/c) P, (GeVlc)

47



A.Rossi ALICE Upgrades LHCP, New York, 2-7/06/2014

How can we measure medium
effects?

1) Nuclear modification factor (RAA): compare particle production in Pb-
Pb with that in pp scaled by a “geometrical” factor (from Glauber model)

ALICE

1 PBPb_| If R,,=1 = no nuclear effects

(p,) = dN 4, / dp; if R,,#1 = binary scaling broken
B P " (Ty)xdo,, /dp,
Nuclei overlap pp
function

2) Elliptic flow v, (azimuthal anisotropy): study azimuthal distribution of
produced particle w.r.t. the reaction plane (W)

dN N
do - (1 + 2vy cos(p — W) + 2v5 cos[2(p — Ua)| +...)
Thermalization/collective motion
(at low pq)
Non-zero v,
Initial spatial anisotropy \ Path Ierrgth detphen?]ence of,
hydrodynamic momentum anisotropy energy loss (at high p;) 48
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Heavy Flavour: Elliptic flow

Initial azimuthal anisotropy converted to a momentum anisotropy via hydrodynamic processes

o

I

dN N
o = 2—7(: (14 2vy cos(p — ¥1) + 2vg cos[2(p — Ua)| +...)
02 :
PbPb sqrts = 2.76 TeV min bias
0.18 B-mesons
0.16 D-mesons
b-quarks
0.14 c-quarks
0.12
0.1
008
0.06 r
004 +
002 ¢
00

0o 2 4 6 8 10 12 14
Pt [GeV]
J. Aichelin et al. arXiv:1201:4192

HF elliptic flow (v,) sensitive to:

* Thermalization of c and b quarks in the QGP

Heavy-quark diffusion coefficient of the QGP,
which characterizes its coupling strength

Path-length dependence of energy loss at high p,

S s e
>
= ALICED°D*, D" average _ Pb-Pb, s, =276 TeV _|

0.4—
[ Syst. from data Centrality 30-50%  _

| ] Syst. from B feed-down

| =i BAMPS - === TAMU elastic i
— + POWLANG WHDG rad+coll
r—-uQwMD e Aichelin et al, Coll+LPM rad n

Col
0 2 4 6 8 10 12 14 16 18
P, (GeV/c)

Current measurement: prompt D only with
substantial uncertainties
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ALICE Heavy Flavour: Elliptic flow

Initial azimuthal anisotropy converted to a momentum anisotropy via hydrodynamic processes

HF elliptic flow (v,) sensitive to:
* Thermalization of c and b quarks in the QGP

« Heavy-quark diffusion coefficient of the QGP,
which characterizes its coupling strength

« Path-length dependence of energy loss at high p,

dN N
d_(p = —0 (1 + 2v; COS(QO \Ill) + 2v9 COS[Q(QO \IJQ)] +. )
>'gos TTTTTITIITTTIT T I ITTTTTTT ] « IR B B B A L I I
02 - Pb-Pb,L_=10nb' 4 ~ 025 Pb-Pb. L = 10nb" -
. _— i B ] N * ot i
0.18 ‘;’fff;;?,’fss = 276 TeV min bias 1 0.2 » D°, 30-50% centr. | 0.2k E
0.16 | — D-mesons . T * DZ, 30-50% centr. “t . R e ]
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e HF jets withALICE Upgrade

D meson in jets
Study modification to fragmentation function in the medium
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e Heavy Nuclear States
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ALICE ALICE detector strength

Excellent track and vertex reconstruction capabilities |,ner Tracking System
(TPC, ITS) in a high multiplicity environment in a wide vertexing, Tracklng, |
transverse momentum range 2
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ALICE

Particle identification in a wide momentum range

ALICE detector strength
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cESummary: ALICE detector upgrade

New Inner Tracking System (ITS)
* improved pointing precision
* less material -> thinnest tracker at the LHC

Muon Forward Tracker (MFT)

* new Si tracker

* Improved MUON pointing precision
MUON ARM

% * continuous
RA ‘ readout
readout chambers

Ny
* continuous readout y

 faster readout electronics 8 “ |
e :
W:%Tﬁ‘c - // 4

Time Projection Chamber (TPC)

* new GEM technology for .
electronics

-~ p

Data Acquisition (DAQ)/

High Level Trigger (HLT) } l
* new architecture
* on line tracking & data
compression New Trlgger

Detectors (FIT)



