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! Outline

® Heavy Flavours in high energy heavy ion collisions:

motivations.
® Nuclear modification factor and azimuthal anisotropy.

e Full reconstruction of D mesons with the ALICE detector:
v R, : comparison with p-Pb, centrality and mass dependence.
v' Azimuthal anisotropy: v, .

v Comparison with models.

e ALICE in the high luminosity LHC era: detector upgrade.

e Expected performance for D and B detection in the central

rapidity region.
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Freeze-out:

* chemical: particle composition is
fixed (no more inel. collisions) =
T, ~170 MeV (RHIC)

* thermal: momentum spectra are
fixed (no more elastic collisions) =>

T, ~110=130 MeV.

Soft processes:
* high cross section
O

. decouple late - indirect signals for

Hard processes:

* charm, beauty, jets

* probe the whole evolution of
the collision

* thermalization time (RHIC)

‘UthEO.6 fm/c
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® A nucleus-nucleus collision is not simply a superposition of

° the quark masses. Expectation:

Nuclear modification factor: R,, %

nucleon-nucleon collisions. /~ ™
1 dN AA / de

The effect of the produced Raa (pr) = (Tan) ' dopp Jdpr
medium is expressed by the :
leth < Tapn >x< Neoyp > D

nuclear modification factor R, ,

The produced partons lose energy

through radiative and collisional
mechanisms in the hot and dense >
medium formed in A-A collisions
. A-Egluon > AEquark
Energy loss mechanisms are AEi > ABgp —> AE.. > AE, > AE,

sensitive to colour charge and to

Raa (B) > Raa (D) > Raa (7T) 7/
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Anisotropic transverse flow

(y?) — (=)
{y?) + (=2) p

A M
Reaction plane Py Q= arctanp—

“elliptic” flow
e
INTERACTIONS P N <py2> B <pf>
( hydrodynamics? ) g <p§>+<pf>

c =

Initial spatial asymmetry> Final momentum asymmetry > Azimuthal distribution

~~ Fourier decomposition of azimuthal

/ o - \ distributions w.r.t. the initial state spatial
« 1+ 22 v cos(n[@ -1, plane of symmetry
d(ep - wRP) el = Observables: Fourier coefficients

<~ The second Fourier coettficient, v, ,is called

elliptic flow.

\Vn = <COS(”[(P ~Ygrp ])>

/ = v, 70 is expected due to collective motion

(thermalization?) at low p and to path-
@ length dependence of energy loss at high p; /
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Heavy-flavour v,

® Due to their large mass, c and b quarks should take longer time (= more
re-scatterings) to be influenced by the collective expansion of the
medium
Y vy(b) < vy(c)

* Uniqueness of heavy quarks: are not destroyed and/or created in the
medium

v Transported througsh the full system evolution
P g y
L ]. uphoffet al., Phys. Lett. B717(2012) 430

0.3
electrons, |y| <0.8 —
0.25 | muons, 25<|Y|<40 i
) nommnmmeSJﬂ<2A -------------
02 L D mesons, |y| < 0.5 |
- n=3+2, running coupling,
Initial hard 0.15 | k=0.2, K=3.5 |

parton
scatterings

> s

0.1 r

Jhy
regeneration

0.05 |

Pb+Pb _
Vs = 2.76 TeV b=9.7fm

0 2 4 6 8 10 12
pr [GeV]




e
ALICE layout

Central barrel
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® Reconstruction of D
mesons through their

hadronic decay channels

in the ALICE barrel.
® ¢t = 100-300 um

* Key detectos: ITS, TPC,
TOF
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ALICE layout

Central barrel | : :
10.9<11<0.9 , : =T mesons through their

) (i) (el ® Reconstruction of D

hadronic decay channels

in the ALICE barrel.

® ¢t = 100-300 um

* Key detectos: ITS, TPC,
TOF
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D-meson reconstruction
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° DY, D" and D*" R, , agree
within uncertainties

® pp reference from measured
DY D™ and D* p,-differential
cross sections at 7TeV scaled to

2.76 TeV with FONLL

v Extrapolated assuming FONLL p,.
shape to highest pr bins not

measured in PP

Strong suppression of prompt
D mesons in central collisions
at intermediate — high p

> up to a factor of 5 for
pr~10 GeV/c
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Comparison with p-Pb

p-Pb: ALICE Coll. arXiv:1405.3452 [nucl-ex],
accepted by PRL

IIIIIIIIIIIIIIIlllllllllll

—=— p-Pb, | 5,=5.02 TeV
10.96<y, <0.04

* D suppression is larger in

I

central than in peripheral

Pb-Pb collisions

. Rpr for D mesons =2
cornpatible with unity

|
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ly_ |<0.5
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within uncertainties

® Comparison of Pb-Pb with
p-Pb results indicates that
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R\ VS centrality
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® The results for the three D meson species are consistent within
uncertainties. The suppression increases with centrality and reaches a
factor of 5—6 in the most central events for both Pr intervals.
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Charm + strange: D.*

s © Pb-Pb | s = 2.76 TeV, 16 x 10 events
. 4 . . . 24000 p: 5 g1t - KKt ALICE
* First measurement of D_" in A-A collisions S BN,
* Expectation: enhancement of the strange/non- Sanfttets . e
2500 *

strange D meson yield at intermediate Pt if charm
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Mass dependence of R,,
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* Comparison with beauty hadrons through their decay into ]/ (CMS non-prompt J/1).

® prranges chosen to have similar kinematics for D and B mesons, though with different
rapidity ranges.

* Smaller R,, of D mesons w.r.t. B mesons, as expected from mass-dependent energy
loss

_/
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Mass dependence of R,,

® R, vs. pp compatible within errors for D, charged particles and 7t*
v possibly a hint of R, \P>R, ™ for pr<5-6 GeV/c

® Better precision needed to draw conclusions on the expected difference between D and 7t
suppression: Ry o(D)>R 5(7) from mass hierarchy and colour charge dependence of energy
loss

® The different energy loss could be compensated by the softer fragmentation of gluons

combined with the increase of the charged hadron R A towards high transverse momenta
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v, for D mesons

* Azimuthal anisotropy measured with Event Plane, Scalar Product and

2-Particle Cumulant techniques in 3 different centrality classes.

Comp a tlble :j: Fll;cl,:)%); D°I, D° I l I v;{EP ITPC}I:;Z o AILICIé I v;{SP ITPC}I:;:: vo{2} :
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of 13 Lo P 5
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ALICE Coll. Phys. Rev. C 90, 034904 (2014)
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v, for D mesons

® The magnitude of v, is similar for charmed hadrons and light-tlavour
hadrons.

* y,>0 = ~50 effect for 2<p;<6 GeV/c (30-50% centrality class, average
of the three meson species).

* Results consistent with a strong coupling of ¢ quark with the medium.
ALICE Coll. Phys. Rev. C 90, 034904 (2014)
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Comparison with models: R,, and v,

® The anisotropy is best described by models that include
mechanisms like collisional energy loss and/ or hadronization via
recombination.

° Challenge: successtul models should provide a simultaneous
description of D meson R, 4 and v,.
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 Comparison with models: centrality
dependence

The R centrality dependence of heavy and light tlavours is compared to
calculations by Djordjevic et al.

The model includes radiative and collisional energy loss

Fair agreement with data. The higher suppression of D w.r.t. B mesons is due to
the mass hierarchy

m::( —||||||||||||||I||||||||| TTTT FTTT T T T4 §1.4_IIII|IIII|IIII|IIII|IIII T T TT T T T T
L i . -
1-4_— Pb-Pb, USNN - 276 TeV - - Pb-Pb, \ s\ =2.76 TeV
- . 1.2 m ALICE Preliminary D mesons
1 o] W Average D’,D'D", |y|<0.5 8<p <16 GeVic ] B 8<p_<16 GeVic, IYI<.0-5 o
"7 [ Correlated systematic uncertainties N B [ Correlated systematic uncertainties
- [ Uncorrelated systematic uncertainties - 1 __ ___________________________ |:| Uncorrelated SyStemat'C uncertamt'es
Foe Tf’|y|<0.8 - L - - - Djordjevic Non-prompt J/y (6.5< pT<30 GeV/c)
L ] L Djordjevic Non-prompt J/y (with ¢ quark energy loss) 1
B - -- Djordjevic D mesons (8 < P, < 16 GeV/c) T L - - - Djordjevic D mesons (8 < p, < 16 GeV/c) i
L --- Diordjevic (8 <p_< 16 GeV/c) 4 0.8— —
0.8 — B 7
i M. Djordjevic et al, Phys. Lett. B 737 (2014) | i
i - 0.6/ —
0.4l \Er:m B 0.4/ ]
0.2 .."::EF:":'S-::"S::@-__ 0.2 —
= - | [_]Systematic uncertainties  CMS-PAS-HIN-12-014 ]
0_|||||||||||||||||||||||||||||||||||||||_ O|||||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

(-

(Npart weighted with N ) (N, weighted with N,




e
Heavy-ion LHC and ALICE plans %

e The LHC heavy—ion programme will extend beyond Run 2 to
Run 3 and Run 4

* High interaction rate: 50 kHz
* Expected integrated luminosity: >10 nb! (x100 w.r.t. Run 1) experiments

® A major detector upgrade has been approved for the LS2 to tully

exploit the higher rate and to improve the physics performance

Run 2: 1 nb™! Run 3 + Run 4: high luminosity

Pb-Pb Pb-Pb. >10 nb’!

2013 2015 2018 2020 2023 V2025 2029

(O[Re: t57 Fnz 57 Fums 153 Fund _isa

Run 1: ~0.1 nb’! LS 2: detector
Pb-Pb upgrade
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ALICE Upgrade: strategy %

o ALICE will carry out high precision measurements of rare
signals with main focus on the low Pt region.
° Boundary conditions and requirements:

v very low signal/ background ratio for most of the physics signals - no trigger
selection possible.

v large minimum bias samples required: L _>10 nb!

v High rate: £ =6 x 10" cm™2s™! = R = 50 kHz

v Focus on heavy flavours eimprove track resolution and vertexing thanks also
to a smaller beam pipe.

v With the upgrade: reconstruction of beauty hadrons}
v HF baryons will be accessible.

® Strategy:
v New Inner Tracking System at midrapidity
v New Muon Forward Tracker in front of the muon absorber

v' New readout chambers for the TPC. Readout upgrades for several detectors
and the online systems

@ v Integrate Online and Offline (O? project) = data reconstruction online

.




The new ITS will be the k
detector for HF

reconstruction in the barrel

Beam pipe

TRD
HMPID

CHAMBERS

- A — ~ ) ..Vl
w = P | iy anl)
# - =Ap

ILTER

(VO ) - 7 :

*/ TRIGGER
~ \CHAMBER

U EIEE N

v 7 layers from r=22

mm to r=400 mm
v' ~10 m? of silicon
v’ 12.5 Gpixel

v In|£1.22




e

New ITS

* Better pointing resolution by a factor of 3(5) in r¢ (z) at p;=500
MeV/c

v innermost layer is closer to the IP: from 39 mm = 22 mm

v reduced material budget from ~1.14%X, = 0.3% X, for the 3 inner layers (0.8%
X, for the other 4 layers)

v Reduced pixel size: from 50X425 um? = ~(30X30 um?)
v" max silicon thickness: 50 um
v Monolithic Active Pixel Sensors (MAPS) in TowerJazz 0.18 um CMOS technology

* Better tracking efficiency and p; resolution at low p,
v Thanks to the higher granularity
v" Thanks to an additional layer: from 6 to 7 layers

e Faster readout: 50 kHz (200 kHz) for Pb-Pb (pp). Now limited to 1
kHz

e Accessible for maintenance during winter shutdowns

(- y




- R

New ITS: expected perfo[mance

100}
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* Expected performance of the new ITS

is compared to the current

ALICE
--------- Current ITS
Upgraded ITS
..... | IB: X/X;= 0.3%; OB: X/X =0.8% |.

Efficiency (%
3

(o)}
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|

v tracking efficiency

Blue: present ITS

Red: upgraded ITS

N
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v/ impact parameter resolution

v transverse momentum resolution
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®  Pb-Pbdata (2011)

: Fast MonteCarlo (ITS Upgrade) |
T
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Expected Physics Performance

v With the upgrade: reconstruction of beauty hadrons.
v/ Also HF baryons will be accessible.

v/ Beauty signal accessible both at midrapidity and in the
muon spectrometer (single muons, displaced J/)

v' D mesons: improved precision down to p;~0
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D and B-meson reconstruction

® D-meson reconstruction with the upgraded detector:

v DR Aaa down to pr=0 with higher precision

® B measurement: non-prompt D%and ]/

® Precise measurement of v, for prompt (down to p=0) and

(-

displaced DY
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A. and A, reconstruction; s
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HF: D,*

e Hadronization mechanisms and strangeness enhancement: D_/D
® D.": Ry, and also azimuthal asymmetry (v,) with high precision

* v, measurement will be possible also for AC baryon
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y resolution B*—sD’n* vertex (m)
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The high integrated luminosity (L, ;=10 nb™") combined with the

improved pointing resolution of the upgraded ITS will allow for the
full reconstruction the the B* hadronic decay topolog
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/Summary %

® Strong suppression of D mesons for p>5 GeV/cin central Pb-Pb

collisions w.r.t. the binary scaled pp reference in the same range.
o Rpr~1 = suppression due to the quark charm energy loss in the QGP.
* Larger suppression of charm than beauty: R, ,(D)<R, ,(B)
® Comparison with light hadrons not conclusive with present statistics.

® D-meson v, (2<p;<6 GeV/c) compatible with light hadrons = strong
coupling of charm quarks with the medium.

® Major detector upgrade in LS2 and strong physics programme for Runs
3-4:
v new physics channels: HF baryons and B full reconstruction.

v high precision R AA and v, measurements down to pr~0
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Upgrade documents

Upgrade of the
ALICE Experiment

Letter of Intent

Upgrade of the °  Upgrade of the

Upgrade of the

ALICE Experiment [l: Inner Tracking System Time Projection Chamber

The Muon Forward Tracker

\‘/‘\3&\

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

CERN-LHCC-2013-014 : CERN-LHCC-2013-024 - CERN-LHCC-2013-020 :
LHCC-1-022-ADD-1 ALICE-TDR-017 ALICE-TDR-016

Upgrade of the Py . . .

Readout & Trigger System The upgrade is entering the productlon phase

- 5«* ® Technical Design Reports have been published
" 513“" ® O?TDR in preparation

CERN-LHCC-2013-019 ; /
ALICE-TDR-015
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ALICE data samples in Run 1

Delivered Main Goal

Integrated

luminosity

Pb-Pb

Pb-Pb

p-Pb &
Pb-p
PP
PP
PP
PP
PP

2.76

2.76

5.02

0.9

2.76

2010

2011

2013

2009-10

2010

2011

2011

2012

9 ub’!

146 ub!

15 nb’!
17 nb’!

0.33nb’!
0.5 pb!
46 nb'!

4.9 pb!

9.7 pb‘1

First Pb-Pb data
taking at LHC

Study hot &
dense QCD

matter

Study Cold
Nuclear Matter
effects

Commissioning

Reference for

Pb-Pb and p-Pb




