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A Large lon Collider Experiment - Highlights

OUTLINE

The Large Hadron Collider (LHC)
Heavy ions at the LHC (w.r.t. other systems)
The ALICE apparatus and Collaboration

A selection of recent ALICE results

= Global properties of Pb-Pb (2.76 and 5.02 TeV) and pp
collisions (13 TeV)

= Collectivity in Pb-Pb collisions
= Direct photons and hard probes
= More comparisons to pp and p-Pb collisions

The upgrade of ALICE for LHC Run 3
Conclusion
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The Large Hadron Collider (LHC)

 The LHC is currently the largest
and most powerful proton and ion
collider in the world
= present (Run 2) centre-of-mass
energy is:
« 13 TeV for pp collisions

« 5.02 TeV per nucleon pair for Pb-Pb
collisions

= former (Run 1) c-o-m energy:
« pp:0.9,2.76, 7 and 8 TeV
* p-Pb:5.02 TeV
* Pb-Pb 2.76 TeV per nucleon pair

* ALICE (A Large lon Collider
Experiment) is designed primarily
to study nucleus-nucleus
collisions
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Heavy ions at the LHC (w.r.t other systems)

1Early Universe The Phases of QCD

LHC Experiments

1

« Study nuclear matter under extreme
conditions of temperature and density

Temperature

* At LHC energies: %,
= high temperature: O(10'?2 K) .

= vanishing baryon chemical potential:
equal number of particles and anti-

particles
< Critical Point 2
« Study the properties of a state where quarks Hadron Gas —
and gluons are deconfined (Quark-Gluon S“Pe'°/°"d"“°'
Nuclear
Plasma, QGP). MT(.re/ Nf,:u!ron St(lirs
« Phase transition predicted by Lattice QCD " Baryon Chemical Potentia

CaICUIatIOnS(StateOftheart) LA
= Tc=155MeV ec=0.5 GeV/fm?3

» Study the transition between QGP and
hadron gas.

w
1T T T T 1T 1T 1T 17T 177

stout HISQ
(e-3p)T4 W W

Bazavov et al.
Phys. Rev. D90 (2014) 094503

* QGP behaves as a perfect fluid

| pTt B E
= well described by ideal hydrodynamics 5/aT4 B
= low shear viscosity/entropy density (n/S) %% 170 210 20 20 330 70
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Fate of a Nucleus-Nucleus Collision at the LHC

. L Statistical Thermal ) ., K, p, ...
= |nitial state and pre-equilibrium Description time
* gluonic fields (Color Glass Condensate) GLASMA £ f Tfo T
S S
= Hard parton scattering < »/T
RS}
=

+ jet and heavy flavour production

= Creation of a Quark-Gluon Plasma

+ thermalisation of strongly interacting partons N\ LQCD S
Relativistic

Viscous
{ydrodynamic
volution

= QGP expansion and cooling
» 3D+1 relativistic viscous hydrodynamics
= Phase transition (T¢): parton— hadrons

Pre-Equilibrium

* Lattice QCD, cross-over Glasma Phase (< 1)

= Hadronic phase

> Z
+ chemical freeze-out (abundances fixed at Tcn) / \
* rescattering and kinetic freeze-out (stop interacting at Ti) / \
A B

PEDAGOGICAL PICTURE
- does not bring justice to the tremendous progress (measurements & models) recently made
- “guidelines” used to separate hard and soft probes of the QGP

+ measurements often (but not always) correspond to “integrated-over-time” observables
- for instance: charm, beauty and jets probe the whole evolution whereas photons are insensitive to hadronization
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ALIC E - the deteCtO rs Acronyms: <ITS - Inner Tracking System

« TPC - Time Projection Chamber
« TOF - Time Of Flight

Designed to reconstruct and
identify charged particles in a
central rapidity window —
central barrel down to low
transverse momentum
(pT~1OO MeV/c for pions)

Central barrel (|n|<1):

tracking (ITS, TPC), PID Tl 7 | ‘ (N
(TOF, TRD), calorimeters. B AN \: Lot

Muon spectrometer:

: A l‘i/,f

R

-4<n<-2.5 |
Forward detectors: W Bl ~= S e,
entral Barrel, 4
triggering, centrality, timing. hermetic tracking, Muon Arm

<n<-2.5_

Event recording bandwidth:
1.25 GB/s for Pb-Pb events

Overall data (MC, raw and
reconstructed) on permanent

PID, |n|<0.9

Ay oa— 7 Nyee
T08) | R AMACNET S

storage:

= tape: ~45 PB
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ALICE - the Collaboration

41 countries, 159 institutes, 1665 members

LPC (Clermont-Ferrand)
LPSC (Grenoble)
IPN et CCIN2P3 (Lyon)
SUBATECH (Nantes)
IPN (Orsay)
SPhN - CEA IRFU (Saclay)
IPHC (Strasbourg)
45 physicists
17 Ph.D students + post-docs
59 technical staff
CIAE (Beijing)
CCNU (Wuhan)
HUST (Wuhan)
8 physicists

14 Ph.D students /

post-docs
6 technical staff
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ALICE - Data taking for Run 2 (started in 2015)

45 ALICE Performance, pp 2015, \s = 13 TeV

After LS1

4.0~ Dimuon: 4.35 pb
VO HM: 1.81 pb
SPD HM: 0.24 pb

MB: 0.011 pb™ (620M)

3.5

Data taking in 2015 3.0

e pp at 13 TeV started in June
e Pb-Pb at 5.02 TeV in Nov - Dec 2.0

25

Integrated luminosity, pb’

pp @ 13 TeV

\\|II!I|I!!\‘III\'II!!‘II!I‘I]I\‘\II\‘\I]!‘\\

 pp at 5.02 TeV for comparison 15
1.0
0.5
0:\‘[\\...1‘..|,.,1/—/—.’.’T‘
f3.Jun 03 Jul 02 Aug 01 Sep 01 Oct 31 Oct
F‘g - ALICE Performance, Pb-Pb 2015, |[s, = 5.02 TeV o 120 ALICE Performance, pp 2015, 1s = 5.02 TeV
= 4501 =
G, Delivered: 433 ub’ g | Dimuon: t12nb’
° 4005— Dimuon: 241 b E 100~ MB: 2.5 nb™ (128M)
€ 350 Central UPC: 139 ub” 5 I
Y E CALO:126 ub’ 3 8o
Detector status £ 300 5ioie muon: 27 b 5 °f  PP@5.02TeV
[o)] C . -1 L
« Complete TRD detector (+5 SMs) £ 250 MB:19ub (157M) £ 60
o Installed DCal (8 SMs), including new | 200 Pb-Pb @ 5.02 TeV r
support structure 150 40
» Extended PHOS (+1 SM) 100 20l
» Installed Charged-Particle Veto (CPV) 501 -
: L T T \_fﬁ’\_\\’ﬁ’\_’ 1 ‘ k I ‘ = . AQ__‘—#'__‘
e |nstalled AD detector 0 28 Nov 05 Dec 12 bec 0 9 Nov 20 Nov 21 Nov 22 Nov
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OUTLINE

* A selection of recent ALICE results

= Global properties of Pb-Pb (2.76 and 5.02 TeV) and pp
collisions (13 TeV)

= Collectivity in Pb-Pb collisions
= Direct photons and hard probes
= More comparisons to pp and p-Pb collisions
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pp at 13 TeV - Charged-particle multiplicity

Phys. Lett B753 319-329 (2016)

. . . /S 9 T | T T T T I T T T T I T T T T I T T T T I T
Two normalization classes in [7| < 0.5 J @] ALICE (INEL>0) --- EPOS LHC 1
: _ 5 | [®JALICE (INEL) - PYTHIA 8 (Monash-2013) |
= Inelastic events (INEL): Z " | i CMS(NEL)  — PYTHIAG (Perugia-2011)
(dNgn /dn) = 5.31 £0.18 8 N
= Events with at least one charged I :
particle in the interval || < 1: U B
(AN, /dn) = 6.46 £ 0.19 : f
6_ —
Monte Carlo calculations are slightly i i
higher than the data (from 3 to 12%) i §
. . o ]
PYTHIA 6 is in better agreement with 8 pp, s =13 TeV -
the data than PYTHIA 8 L1 |_|2 [ T _|‘| [ (I) L1 -|| [ é L]
n

The distributions for multiplicity as well as pt spectra (not shown here) in proton-proton collisions
provide a baseline for effects measured in high-energy heavy-ion collisions (and models)
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Pb-Pb at 5.02 TeV - Charged-particle multiplicity

arXiv:1512.06104

/& 14_||||| L R T IR RRR T T TTTTT \_ /:\. | |‘|| |05| T T T T T T T T T T T T T
S - - S o 9
S r | 7 S 10+
Z 127 ows ¢ CMS B < | o ¥
~ - v UA5 e ATLAS . ~ i n |
"ol & PHOBOS + PHOBOS N X
s A ISR A PHENIX - C\IZD- - 0 .
< v BRAHMS g&f « 515547 < g 3 _
8~ pA(dA),NSD % STAR - | ii |
T m ALICE % NA50 ] | i
J *+ PHOBOS ] . ]
i @ ] 6 & _]
4 ,..#‘@ ] L é ALICE i
A % AR o 0103001 . B Pb-Pb, {5y =5.02 TeV .
- . i + p-Pb, |5, = 5.02 TeV i
2 AR B 4j’ O Pb-Pb, sy, =276 TeV (x1.2) —|
F X | | 7l < 0.5 - : % pp, (S =2.76 TeV (x1.2)
OIIII 1 L1 1111l 1 L1 11111 1 L1 11111 1 | L ) | | I | ) | ) | | | ) ) | ) . . . |
10 10 10° 10* 0 100 200 300 400
\/s GeV
an ) (Npan)

For the 5% most central collisions: (dNg,/dn) = 1943 +54 in |n| < 0.5

The rise with the centre-of-mass energy is steeper than for pp collisions

Centrality dependence shows that a factor of ~1.2 describes the increase from 2.76 to 5.02 TeV:
= the trend with centrality is the same

= dependency on centrality and energy are factorized

Such results provide essential constraints for models describing high-energy heavy-ion collisions
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Pb-Pb at 5.02 TeV - Charged-particle multiplicity

arXiv:1512.06104

S 14 I|||| T T III|||| T T III|||| T T T TTTTT T /:\ I T T ! ' ‘ I
& [ pp(pp) INEL  AA, central ) S Mm<05 i
S 1oL 0 ALICE m ALICE 1 S 10~ ez
3 o cus ¢ CMS E S ¥
< v . y ~ | 1

"4l PHOBOS + PHOBOS _ T >
N_e A ISR A PHENIX . oV ZQ i e 7
S Vv BRAHMS of o s*55¢] < g P -
8 pPA(A),NSD « STAR . i 1
= ALICE x NA50 j I - = 1
Y PHOBOS | Pb-Pb, Sy = 5.02 TeV
6L . i m ALICE 1
B A 6 /1. HIUING 2.1,s =028 |
i a7 ] !F" 9
. H ] - — EKRT, n/s =0.20 -
R % J o 0103001 N - - 1cBK-MC, MV 1
- . ] L --- EPOS LHC 1
or _..AA--A@‘ """" ] 4—:.’ ----- Armesto et al. _
C Xl | | Inl <10-5 ] e Kharzeev et al. ]
0 111l 1 11 11111 1 1111111 1 1111111 1 I | ) ‘ ) ) ‘ ) ) ) ) ‘ ) ) I
10 107 10° 10* 0 100 200 300 400
\/Sny (GeV
NN ( ) <Npart>

For the 5% most central collisions: (dNg,/dn) = 1943 +54 in |n| < 0.5

The rise with the centre-of-mass energy is steeper than for pp collisions

Centrality dependence shows that a factor of ~1.2 describes the increase from 2.76 to 5.02 TeV:
= the trend with centrality is the same

= dependency on centrality and energy are factorized

Such results provide essential constraints for models describing high-energy heavy-ion collisions
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Pb-Pb at 2.76 TeV - Charged-particle multiplicity

 for a broad pseudo-rapidity interval: -3.5<7) <5 Phys. Lett B754373:385(2016)

_ALIéE|'|'|'|'|§'|'E'l'l'l'll 71 Pb-Pb./snx = 2.76 TeV
0- 5%

M 5-10%
' ' &

<«—

10-20%
20-30%
30-40%
40-50%
50-60%
60-70%
70-80%

80-90%

PLB 726,610 (2013)
Sym.Comb.
Uncorr.syst.unc.

| %% Corr.syst.unc.
—eo— Reflected

102

WTTTI11]

I

R
\

10 =

« Charged-particle multiplicity has been measured in a wide pseudo-rapidity range (-3.5<n<5):
« The total number of charged particles ranges from:

162 +/- 22 for centrality class 80-90% to 17170 +/- 770 for centrality class 0-5%
* In the central barrel they can be also identified over a broad momentum range

9th FCPPL Workshop | Thursday March the 31st | B. Hippolyte 13
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OUTLINE

* A selection of recent ALICE results

= Global properties of Pb-Pb (2.76 and 5.02 TeV) and pp
collisions (13 TeV)

= Collectivity in Pb-Pb collisions
= Direct photons and hard probes
= More comparisons to pp and p-Pb collisions
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Eccentricity, flow coefficient and fluctuations

non-central collisions:

» The reaction plane contains the beam direction
and the centers of the colliding nuclei

Anisotropy in azimuthal angle described by a Fourier series:

dN
oA S Up, COS TN P
i Z n COST(p — By
=i

EXPERIMENTAL RESULTS
= 2nd order (v;) dominates in non-central collisions
Initial coordinate space anisotropy = Higher flow harmonics: sizable, own event plane angle
= v, decreases with increasing n: typical of viscous fluid (damping)
= Odd harmonics with weak centrality dependence: fluctuations
CLEAR PICTURE

= How the system behaves collectively
w Uy X Ep

experimentally:

= |nitial fluctuations propagated by a viscous fluid

Xjab

2 =3 =
oth FCPPL Workshop | Thursday l\/Iarch the 31st | B. |ppolyte

n==6
15
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Eccentricity, flow coefficient and fluctuations

non-central collisions:

» The reaction plane contains the beam direction
and the centers of the colliding nuclei

Anisotropy in azimuthal angle described by a Fourier series:

dN
o x 1—|—22vncosn(g0 D)
=i
] EXPERIMENTAL RESULTS
' ‘/ . = 2nd order (v;) dominates in non-central collisions

Initial coordinate space anisotropy = Higher flow harmonics: sizable, own event plane angle

— momentum space anisotropy = v, decreases with increasing n: typical of viscous fluid (damping)
= Odd harmonics with weak centrality dependence: fluctuations
CLEAR PICTURE

= How the system behaves collectively
w Uy X Ep

experimentally:

= |nitial fluctuations propagated by a viscous fluid

Xjab I

2 =3 =
oth FCPPL Workshop | Thursday l\/Iarch the 31st | B. |ppo|yte

n==6
15
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Anlsotroplc flow in Pb-Pb at 5.02 TeV

e _ > 0.08- } ‘ integrated elliptic flow v2{4}‘
G - ALICE Pb Pb Hydrodynamlcs . o ©
0.15-5.02Tev 2.76 TeV 5.02 TeV, Ref.[27] ] 0.06~ e 20-30%
L mv, {2, [An>1) O V{2, A1) ==v, {2, jAn>1) ] “Qi,r centralit
| ev,{2 A>T} O V{2 An[>1}  =vg{2 [An>1} ] 0.04— o e ALICE y
| ¢ v, {2, |An|>1} <> v4{2 |An|>1} | v o | ~ STAR
[+ V2 {4} i 0.2~ @ & PHOBOS
6
0.1 v, 18) . Qe gamarsnasanasascncaca, 0 PHENIX --
B _ m NA49
_ XN il —0.02~ o CERES
0.05 = 004 ¥ X EOS
- . ~0.061 ¥, A EB895
W 3 # (a) v FOPI
.é’ <’ ” 0 <’ <’ ‘ - _0.08_ II 1 IIIlIII 1 1 IIIIIll 1 1 lIIIlII 1 1 I
e | -+ e 1 1 102 103 10*
o 1.2 Hydrodynamlcs Ref [25] — 0
T 14E e b By 3 \ Sy (GeV)
o . R 3+ Anisotropic flow vn integrated in range 0.2< pt <5.0
g7 muesmmm— T ()] GeV/c as a function of centrality
L T | 1 1 1 IR
-% 1'25 + i = Ratios computed between 5.02 and 2.76 TeV results.
11| . ;:::5::5:3:'1‘ R R = _
o _+ s e R (©) 3 ™= From 2.76 to 5.02 TeV over centrality range 0-50%, the
LAk T T T Ao average increases are:
0 10 20 30 40 50 60 70 80

(3.0£0.6)% for vo (4.3x1.4)% for vz (10.2+£3.8)% for va

arXiv:1602.01119 Centrality percentile
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Anisotropic flow in Pb-Pb at 5.02 TeV

G U ALIGE Pb-Pb '“'””"Hydrodynamlcs'“_ 0.14 : - 1 1
0.155.02 Tev 2.76 TeV 5.02 TeV, Ref.[27] — Vo — | ALICE data v, {2}, pr>0.2 GeV
L mv, {2, [An>1 {2, 1An|>1}  =v, {2, |An|>1} ] 0.12 o _ L 1
IR A= e Rt o) V3 -~ | n/s =0.2
| eV, {2 [An>1} <> v4{2 |An|>1} i 01 ¢t
i +v2{4} v, {4} ]
v, {6} q i
0.1xvs @) . = 008
. N - > 006t
] * i 0.04 |
0.05 — 0.02 |
o2 ¢ ! @]
- 0 1
> * P IO’ I” .O‘....f...........‘ 0O 10 20 30 40 50
ol.2F ' Hydrodynamics, Ref.25] | | 3 centrality percentile
T 1 1E = el By e + ]
o . R 3+ Anisotropic flow vn integrated in range 0.2< pt <5.0
g7 muesmmm— T ()] GeV/c as a function of centrality
2 1 T | | AL B BLELLLE
-% 1'25 + ,,,,,,,,,,,,,,,,,,, i = Ratios computed between 5.02 and 2.76 TeV results.
1 1 o » ‘;‘2::’;:;’;;1 :::E:,:,:E:E:::’:.. 'o:~:.::21:.3.f".'.':'f:.:.'.m. ':' _;- .
o _+ e R R T ©) 3 = From 2.76 to 5.02 TeV over centrality range 0-50%, the
1 +|................................: average increases are:
0 10 20 30 40 50 60 70 80
T Centrality percentile (3.0£0.6)% for vo (4.3x1.4)% for vz (10.2+£3.8)% for va

= Results compatible with predictions from state-of-the-art
hydrodynamic (3D+1 e-by-e relativistic viscous) models
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OUTLINE

* A selection of recent ALICE results

= Global properties of Pb-Pb (2.76 and 5.02 TeV) and pp
collisions (13 TeV)

= Collectivity in Pb-Pb collisions
= Direct photons and hard probes
= More comparisons to pp and p-Pb collisions



A Large lon Collider Experiment - Highlights

Direct photons

Phys. Lett. B754 (2016) 235-248

« The direct photon spectra at pt> 5GeV/c are in agreement with pQCD calculations for pp
collisions scaled by Ncol

* In central Pb-Pb collisions (0-20%): 2.6 o excess over models for 0.9 < pr< 2.1 GeV/c
* At low momentum the photon spectrum is dominated by thermal contribution

« Extraction of Teff : inverse slope of low-pr direct photon distribution
= Teff = 304+£11£40 MeV (Terf =297112+41 MeV after subtraction of the pQCD contribution)
= 30% hlgher than at RHIC

7 PbeF27sTev | 13: i N
;_ [e] 0-20% ALICE — PDF: CTEQ6MS5, FF: GRV _| % 10_ [e]ALICE
E [¢]20-40% ALICE PDF: CTEQG1M/EPSO9 E -20% Pb- -2 3 0 f .
L ianAlcE P eree 1Sk _femroroims270TeV 1 The interpretation of the inverse
s JETPHOX irs 1?;{ | T=3042 112407 eV slope parameter is not trivial.
E : , FF: ER = o |PHENIX — . . . agn
3 nFI>IDF: IEncvjsbog}VFF: BFG2 | © Q.'.' 1  0-20%Au-Au (5, =02TeV ] e A correlation with the initial
: (all scaled by N) = |3 —AeR(PTy) ] temperature exists (mode| dep)
- S0k Ty =239£25 £7%°MeV |
- 1 There are two contributions:
s 102 5] E e blue-shifted photons from the late
C - = ; stages of the collision process
- 105k et with high radial flow velocities
- : ] ¢ high temperature photons
- toe emitted in the early stages
1 E : | J{
- e L I s S -

10 5
[ (GeV/c) P, (GeV/c)
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Jet Shapes

* New variable to characterize jet-core shape: the radial moment g
= g is a pt -weighted width of the jet: low g — highly collimated jet

= g is consistent with PYTHIA in pp collisions

c) B T T T T | T T T | T T T | T T T ]
Dol ALICE Preliminary |
Z pp \s=7TeV -
L0 PP Anti-k; charged jets, R =0.2
T 40 < p'f‘@“ <60 GeV/c .
ZZO - e B ALICE Data 5
— L —&— Shape uncertainty =l
- [JCorrelated uncertainty |

r -@ PYTHIA Perugia 11 5

15~ == +PYTHAPerugia0 |

- —— =

101 @ T -

- —o— i

5 e 2|
- — ]

o 0 - 4 I | ! L1 ! \EACA =)
= 1%: =
3 16 ————
8 13F 2
| e e =
§§%€E E
Og:_ Il 1 1 1 1 :

0 0.02 0.04 0.06 0.08 0.1 ;

g

jet

Py
9= ——|AR;jetl
1€ jet PT, jet

O)3O_ALICEI'D' 0 YL A L L L LN LIS
S F reliminary i
" Pb-Pb \Syy = 2.76 TeV Pb-Pb -
_Anti-k; charged jets, R =0.2 ]
£ o - ALICE Data 7
‘_40<'D]T <60 GeVic Shape uncertainty
5 [JCorrelated uncertainty
:_ $ +—+— -+~ PYTHIA Perugia 11 _:
: = :
- = e ]
= ]
e E -
bl —

0 0.02 0.04 0.06 0.08 0.1 0.12
g

= Core of jets in Pb-Pb differs from pp collisions
and appears to be more collimated
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OUTLINE

* A selection of recent ALICE results

= Global properties of Pb-Pb (2.76 and 5.02 TeV) and pp
collisions (13 TeV)

= Collectivity in Pb-Pb collisions
= Direct photons and hard probes
= More comparisons to pp and p-Pb collisions
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Nuclear modification factor

» Estimate the opacity of the created medium

AA d*Naa/dprd
= Raa is called the nuclear modification factor Eaa = = aa/dprdy

rescaled pp (Neon)d? Npp /dprdy

= Raa equals unity means no modification at all

<14 L ‘ L ‘\ T ‘\ 1T ‘ rTTT ‘ rTTT L LI

. <C - .

7\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\\\\\\\ et m L _ =2. _
1.8  ALICE, charged particles J,"~:x\ r P-FD, | sy = 2.76 TeV T

4ol A m(ALICE)8<p <16 GeV/c, |y|<0.8
"I ®m D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 4

- @ Non-promptJ/y (CMS Preliminary) 4
o 6.5<pT<30 GeV/c, |y|<1.2 cus-pasHN-12-014 b

" o p-Pb {5y =5.02TeV, NSD,|n_[<03
1.6 4 Pb-Pb |5y =2.76 TeV, 0-5% central, | 1| <0.8

1.4 Pb-Pb s, =2.76 TeV, 70-80% central, | n|< 0.8 e B e ]

a r NSD p-Pb L (empty) filled boxes: (un)correlated syst. uncert. |
o 1 2: p - (*) 50-100% for non-prompt J/y B
o) — L A
- E 0.8 —
o ©L ]
o L A
n:% 0.8 I g I 0.6 H E| -
0. i 2 i

perlpheral Pb P

0.4;50-80%* f H B

= =
==
== =]
%f]%
\l\\\‘\\\‘\\\‘\\\\\\‘\\\‘\\\‘\\\l\\

. ) o -
0.2F g g 5 EE : - 40-50% © -
“emnn w =0t Pb-Ph 0.2~ V4% a0 B em
\\\‘ 111 ‘ 111 ‘ L1 1 ‘ L1 1 ‘ 111 ‘ 111 111 L1 1 ‘ L1 10_20%
0 2 4 6 8 10 12 14 16 18 20 | n* shl‘fted by‘+10|n ‘(N ) ‘ ‘ ‘ 0‘10% ]
P, (GeV/c) 0o 50 100 150 200 250 300 3%5,3 4>oo
part

= p-Pb collisions is a control experiment for the nuclear modification factor

= first clear mass-dependence energy loss in the medium

properties of the parton: flavor, mass (“dead cone effect”), Raa(u,d,s) < Raa(D) < Raa(B)
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OUTLINE

The Future FEEAIN IS -/

Upgrade of the
ALICE Experiment

Letter of Intent

* The upgrade of ALICE for LHC Run 3

CERNLHCC-2012-012,
LHCC-1-022, 2012.
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ALICE Upgrade

« A major upgrade is currently being prepared for LHC Run3
= ongoing R&D then construction and installation during second LHC Long Shutdown
= new conditions to cope with during Run3:
+ expected Pb-Pb peak interaction rate: 50 kHz (now it is 8 kHz)
« presently ALICE readout rate is limited to ~1 kHz

* Goals for Runa3:
= The main physics topics will exploit the specific ALICE potentials.
= ALICE will carry out high precision measurements of rare signals with main focus
on the low pr region
= triggering strategies not compatible with several physics chann

* increase the readout rate to 50 kHz
= improve pointing resolution both in

* the barrel (new ITS) and
« the Muon Arm (new Muon Forward Tracker)

The ALICE upgrade requires major improvements for the Layout of the new TTS: s
TPC and other detectors in order to increase the readout rate —7 pixel layers N
— : . ; —10 m? of silicon
Capability of reducing online the data volume delivered by _12.5 Gpixel

the detectors, since the expected integrated luminosity is >
10 nb-" for Pb-Pb (x100 w.r.t. Run1)
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CONCLUSIONS

» A selection of recent results was presented
* From Pb-Pb, p-Pb and pp collisions:
» Global properties of Pb-Pb from 2.76 — 5.02 TeV:
= strong constraints: dependency on centrality and energy are factorized
 Collectivity in Pb-Pb collisions
= Results compatible with state-of-the-art hydrodynamic models
* Direct photons and hard probes (Pb-Pb and pp)
= Terf ~ 300 MeV (model dependent but 30% higher than at RHIC)
= Core of jets in Pb-Pb differs from pp and appears to be more collimated
* pp and p-Pb as a function of multiplicity — peripheral Pb-Pb
= Additional knob to switch on/off several intriguing effects
« ALICE has a rich physics program for the future:

* the activity for the upgrade of the experiment is entering the
construction phase and involving both China and France.
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9t FCPPL Workshop | Thursday March the 31st| B. Hippolyte
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pp at 13 TeV - Charged-hadron p; spectra

2.2
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Jet Shapes - comparison to models

* Quark jets are more collimated than gluon jets, according to PYTHIA simulations
« JEWEL (Jet Evolution With Energy Loss) is in qualitative agreement with the data

« Quark and gluon vacuum jets (PYTHIA) are added to the plot: the observed jet
shape is in agreement with a quark-like fragmentation

» Hint of jet-core modifications in Pb-Pb collisions
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35 B T T T I T I. I. | T T T I T T T I T T T | T T T T I_ "’ \\‘
- ALICE Preliminary .
g0 PP-Pb Ysu=276TeV -#- ALICE Data i
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ALICE Upgrade: physics goals / 1

« ALICE will carry out high precision measurements of
rare signals with main focus on the low pr region:

= Charm and beauty hadrons - spectra and flow:

« Energy loss of HF in the hot and dense medium produced in AA
collisions

« Thermalization and hadronization mechanisms (coalescence vs.
fragmentation)

» Study possible thermal production

= Quarkonia down to pt~0
« wide rapidity range: e.g. J/y —€e at midrapidity and J/y —u'u”
at forward rapidity

» dissociation and recombination mechanisms in a deconfined
medium

CERN-LHCC-2012-012 / LHCC-1-022
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ALICE Upgrade: physics goals / 2

« ALICE will carry out high precision measurements of
rare signals with main focus on the low pr region:

= |ow mass dileptons
« e.m. radiation from the QGP
« Temperature, EOS and space-time evolution

* Chiral symmetry restoration (modification of the spectral function
for o meson —dileptons)

= Jets:
« quenching and fragmentation
« PID of jet particle content
* Heavy Flavour tagging
= Light nuclei and hypernuclei (e.g. *He , °anH)

CERN-LHCC-2012-012 / LHCC-1-022
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ALICE Upgrade: general strategy

« Boundary conditions and requirements:
= very low signal/background ratio for many physics signals
— no trigger selection possible
= |arge minimum bias samples required: Lint>10 nb-"
= High'rate: 65— 6o ll08Qemiéisine T 5y

= Focus on heavy flavours — improve track resolution and
vertexing using new trackers and a smaller beam pipe

« Strategy:
= New Inner Tracking System at mid-rapidity
= New Muon Forward Tracker in front of the muon absorber

= New readout chambers for the TPC & readout upgrades for
several detectors and the online systems

= [ntegrate Online and Offline (O2 project)
— data reconstruction online



