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Outline

ALICE

e Heavy-flavor physics
e ALICE at the LHC

e Selection of Run1 results

e pp: charm and beauty production
Cross sections

* p-Pb: cold nuclear matter effects

e Pb-Pb: heavy-flavor energy loss and
thermalization

e Conclusions and outlook

KJ Senosi

I ‘ UCT+iThemba: Single muon analyses
v ‘ “W production in p-Pb”
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Heavy-flavor physics

ALICE
4
A Charm: m ~ 1.5 GeV/c? vﬂ Beauty: m ~ 5 GeV/c?
Heavy quarks: hard probes even at low momentum
Study:
e Heavy-quark production in hadronic collisions
e Heavy quarks as probes of the quark-gluon plasma
e Heavy-quark fragmentation
Pictures from http://www.particlezoo.net/
I=5= 1l
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Heavy-flavor production: pp
ALICE
s Charm: m ~ 1.5 GeV/c? V’” Beauty: m ~ 5 GeV/c?

Large mass — perturbative QCD approaches used!
Dominant production diagrams: gluon-gluon fusion, hard scattering

Pair production Gluon splitting Flavor excitation
(LO) (NLO) (NLO)
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Heavy-flavor production: pp
P ALICE
A Charm: m ~ 1.5 GeV/c? vﬂ Beauty: m ~ 5 GeV/c?

Large mass — perturbative QCD approaches used!
Dominant production diagrams: gluon-gluon fusion, hard scattering

Pair production Gluon splitting Flavor excitation
(LO) (NLO) (NLO)

Different angular correlation of Q and Q

— use correlations to determine relative contribution of different

production mechanisms
I=5= 1L
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Total(*) cross section in pp: 2.76 and 7 TeV
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LHC energies: large production cross sections!
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Abundant hard probe at the LHC!

pPQCD: large theoretical uncertainties
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Relativistic heavy-ion collisions
ALICE

LHC in 2010 and 2011: Pb-Pb collisions /s, = 2.76 TeV

Creation of deconfined, strongly interacting matter:
the quark-gluon plasma

- Energy Stopping Hydrodynamic ) st
Initial state Hard Collisions Evolution Hadron Freezeout
Thermalization Expansion and Chemical freeze-out
equilibrium is cooling: (particle yields)
established (t < 10-15 fm/c) Kinetic freeze-out
(t<1fm/c) (particle spectra)
I=5= 1l
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Time scales at the LHC

TIME

e QGP lifetime

10 fm/c
=310 s

e Thermalization time

0.02 fm/c
=710 s

e Formation time:

e.g. charm:
1/(2m_) = 0.08 fm/c

~ 3102 s

e (Collision time:

2R/y = 0.005 fm/c
=~ 2-10%% s

Final State

A Freeze-Out At

A A

4

Initial State
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Heavy flavors, probes of the QGP

ALICE

e Heavy quarks produced in initial hard scattering processes

e Time scale: charm and beauty are produced before the thermalized
QPG phase

e Flavor is conserved by the strong interaction

Heavy flavors experience
the full evolution of
the deconfined medium

— QGP transport
coefficients
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ALICE at the LHC

ALICE
A Large lon Collider Experiment
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The ALICE spectrometer

Central barrel

Inner Tracking System ‘

In| < 0.9
L3 magnet: 0.5 T

Time
Projection
Chamber

Time Of
Flight

Transition
Radiation
Detector

= .
= Z

Muon spectrometer
-4<n<-25

ALICE

ElectroMagnetic
Calorimeter
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High resolution for heavy flavors

Good momentum resolution
over a wide range: 0.1 — 50 GeV/c

Low B=0.5T — low p_ coverage!

ALICE

ct = few 100 um
High resolution tracking

Resolution on impact parameter to
primary = 60-70 ym at p_ = 1 GeV/c

(-
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dE/dx (keV/300um)

Particle identification
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Heavy flavors and triggers

e Low-p_ heavy-flavor production <— minimum bias events

o High-p. region accessed

e with very high statistics (D meson analysis)
e with electron (TRD, EMCal) and muon triggers
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The ALICE heavy-flavor program

ALICE

Mid rapidity:

» Hadronic decays of charm
hadrons:
D — K11t D** — DOt
D*—> K NS — pK T, pKS B
D' — om — KK }
e Semi-electronic decays of

charm and beauty hadrons
HC,b — e+ X

B — Jy + X

Forward rapidity:

« Semi-muonic decays of
charm and beauty hadrons
HC,b — U+ X

\\
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D-meson reconstruction

pointing angle 0

pointing

—_—
—_—
—

e Reconstruction of secondary vertices
e Particle identification

e |nvariant mass analysis Talk by Massimo Masera
on Wednesday afternoon!!

e Minimum bias data
e Mid-rapidity
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D-meson reconstruction

ALICE

ITS: vertexing,
tracking

Displaced decay vertices (Inl<0.8):
D0 — K-+ (ct=123 um)

D+ — K-ttt (et=312 um)

D™+ — DOt
Dst = &t =& KK+t (ct=150 um)

LHC run

Data Sample

Lint

2010

Pb-Pb,
Vsnn=2.76 TeV

2.12 pb-' (0-80%)

2011

Pb-Pb,
Vsnn=2.76 TeV

23 pb-in 0-10%
6.2 ub'in 10-50%

(3
=== 1l
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D mesons: invariant mass analysis

JHEP01(2012)128
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Key issue: extend low-p_ reach

very challenging S/B conditions
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Semileptonic decays

ALICE

Measure the cc and bb production cross sections through
semi-leptonic decays of open charm and open beauty hadrons:

Branching Ratios:
c—oe+X 0 (9.6%)

In ALICE: b—e+X 0 (11%)

Electrons at mid rapidity b—c—e+X 0(10%)
Muons at forward rapidity

S.Masciocchi@gsi.de Heavy flavors in ALICE, Kruger, December 2014 19




Semileptonic decays

ALICE
Electrons at mid rapidity Muons at forward rapidity

Large background subtracted by
e Cocktail method or
e Photonic background reconstruction

-
o=

10°%

1/2mp, dza.'dpldy (mb/(GeVicy )

e Trigger from muon chambers

e Impact parameter used to reject part of
beam-gas interactions and decays

e Remaining background (u < 11, K)
subtracted with a data-tuned MC cocktail

e Low p_ cut to reject m, K decays

ALICE: Phys.Rev. D86 (2012) 112007 >2 (4) GeV/cin pp (Pb-Pb)
ATLAS: Phys.Lett. B707 (2012) 438

pp, ¥s =7 TeV

108 —4+— ALICEc,b e
—#— ATLASc,b—oe
9 FONLLc,b— e, |y| <05
1075 2z FONLLG, b e, |y| < 2 excl. 1.37 < |y < 1.52
L1 ‘ | | | L1 11 | |
3x10™" 1 2 3 4567810 20 30
P, (GeVic)
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Semileptonic decays: beauty

Exploit longer lifetime of PYTHIA, 5=7TeV, Iyl <08, * bl=cl—e ]
[ 1<p;<6 GeVic S : g:r:l}uz:ﬂiun elec.
beauty hadrons g, o Daliz elec.

— larger impact parameter of
electrons to the primary vertex

Counts

secondary vertex -

3 _ conversion electrons
i o DataMC 1<p <2 GaVle (b)
0 DataMG 2<p_<6 GeVic

2 R
T e ﬁiu Jr.'ﬁ-

primary vertex d, (um)
Phys.Lett. B721 (2013) 13-23
=== 1L
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Beauty via non-prompt J/y

e Detect J/p decay

vertices detached from

the primary interaction

e Measure the pseudo-
proper decay length
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Proton - proton results
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pp 7 TeV: p. and y differential cross section

s

D mesons: D° D', D™ (D,) HF , —u

JHEPO1 (2012) 128

PLB 708 (2012) 265

ALICE
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Data are well described by pQCD predictions
(FONLL, GM-VFNS, k_-factorization)* within uncertainties
\ | Important test of pQCD
(*) references in spares
I=5= 1l
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pp: charm and beauty

e Electron analysis
e Mid rapidity
e pp2.76 and 7 TeV

1/(27p_) d°o/(d\dy) (mb/(GeV/c)?)

= (b) e b(=0)—e E
é— ...... $ 3 +. §;¥ ______ + —g
Charm 05 CETEETEI E
and S T EE vo—e E
beauty £ v ;
8 = ’ v E
are measured, separately OB F T
? a5t (@)
3 22: [ |total uncertainty o 3
1 2 F R ° E
oo i o] °le 3
Good description by FONLL & os: ppuuw®®® .  — -
0 1 2 3 4 5 6 7 8
pT(GeV/c)
Phys.Lett. B721 (2013) 13-23

=P

ad

ditional 3.5% normalization uncertainty
5 ! 1 P L Ly
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o
R
* ..

e b(—c)—e
vc—e
—FONLLb (—c¢c) —e
FONLLc — e
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D-meson yields vs multiplicity

S

ALICE

Self-normalized D-meson yields
vs charged track multiplicity

AN B L L T "]
Q14 ¢ -
o T TS 7
. . . T b JACE T E
e Yield per event increases with o, '¢f o . -
. Z © ppis=7TeV 1 §
multiplicity “C. 10/~ D meson, lyl<0.5 aE =
. g . ~ e — 2 GeV/ v .
* Run1 statistics not yet sufficient ¢ S 2<p! <aGeVic 1 -
to study differences in p. bins S 8 < <12 Gevic % .
o L ]
e Run2 larger statistics 3, T -
. T . 4 ]
e High multiplicity trigger T L | .
“y age . .. L 'y _]
— Possibility to discriminate 2r . % o
! . I - R S R +! °|._ !0 “:’”T:a'fa 'r“ “-'”CI ”T‘ 51 °";’"! i
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. @ E S
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: % D -04f | | | ‘ —
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pp: summary and outlook

ALICE

e Charm and beauty production cross sections:
o Total and differential in p_ and rapidity (mid and forward), vs Vs and vs
charged track multiplicity

e All results well described by pQCD predictions

e To do: low and high p_, reduce uncertainties

Theory affected by very large uncertainties:
affect extrapolations in p_and n, interpolations in \s.

Measurements now more precise
Can we infer limits on theoretical uncertainties?
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Lead - lead results

Pb-Pb @ sqrt(s) = 2.76 ATeV
|2:ﬁ|1?-2121é2)206:51:12
ALICE Eient : Oxada4stsa
Expected in 1 Pb-Pb collision at \s ,=2.76 TeV:
=~ 60 cc = 2 bb
(MNR, shadowing: EKS98, EPS08. Factor 2 uncertainty) == I
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Pb-Pb: energy loss

e Heavy quarks: probes of the QGP,
through its whole evolution

e Strongly interacting medium
— heavy quarks loose energy

e Quantifier:
the nuclear modification factor

dNpa/dpr 1

R _— - —_——
AA(pT) dep/de coll

R,, = 1 binary scaling

AA
R,, # 1 medium effect
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Pb-Pb: energy loss

e Heavy quarks: probes of the QGP,
through its whole evolution

e Strongly interacting medium
— heavy quarks loose energy

e Quantifier:
the nuclear modification factor

R,, = 1 binary scaling

| Proton — proton
R,, # 1 medium effect is the reference

S.Masciocchi@gsi.de Heavy flavors in ALICE, Kruger, December 2014
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In-medium parton energy loss

Energy loss by:

e Medium-induced gluon radiation i
e Collisions with medium constituents

Depends on:

e Color charge AEgIuon > AEq — to light hadrons

Compare

e Parton mass AE_> AE, — charm and beauty

Considering all effects together: the predicted energy loss is

AE, _>AE_ >AE,

gluon g=c

Thinking of the spectra modification (R ,,), we could expect:

“suppression”: =D > B
T D B
RATSRL° <R,

energy loss in
the medium

consider that other effects contribute, like different production kinematics and
fragmentation of light and heavy quarks
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Pb-Pb: D meson RM

ALICE
Prompt D°, D*, D™

R Nuclear modification factor vs p. and collision centrality
AA

D 2_| ol L Pl L LI | L | LI | L I_ O1_2—‘- [ | i | LA | L | LI | L | [ | T d=d
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E 5 + ] E NN ALICE .
9 - ®D" |y|<0.5 ALICE : E | I 1 S —
o 1-6__ .D*+ PRELIMINARY ] o b 0 -
_ o - ] i ¥ D meson |
: T 0-7.5% centrality . b i [ Uncorrelated syst. uncertainties |
o 1'4:_ Pb-Pb, ‘uilsNN =276 TeV A CCO sl Correlated syst. uncertainties |
1.2 :_ Filled markers : pp rescaled reference _: : S < F)T <8GeV/c :
- Open markers: pp p_r-extrapolated reference - |Y| < 0.5 -
] - 0.6 ~
- . i DO i
0.8~ B I il
o
0.4 N 0ol N
+$+ - @ .
O:I L1 1 | I | | L1 | L1 1] | L0 | L1 11 | | | L1 1 I: 0 L 111 | L 111 | | | | L1 11 | [ | | L 111 | 1111 | 111 I_

0 5 35 40 0 50 100 150 200 250 300 350 400
pT (GeV/c) ¢ Nparl weighted with Nco" )

Charm mesons exhibit strong suppression
=1
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Pb-Pb: R, of leptons from HF hadron decays *
ALICE

HF,, — M 2.5<y<4.0

Electron at mid rapidity:
HF,, —e |y[<0.6

beauty R,
é 2 | T TT T 1T T 177 1T T 1T 1T T T T | IIIIII T ]
1 8 B ] 2 5
: HLICE : < - I 1 I LI I LI B I I LI I LI I L I LEL LI
165 Pb-Pb, \s\y=2.76 TeV. ~ erevoae ] CC< . ]
T oA Heavy flavour decay p= 0-10% central, 2.5<y<4.0 ] Pb-Pb’ VSNN = 2.76 TeV, 0-20% Centra“ty .
14F Heavy flavour decay e* 0-10% central, lyl<0.6 ] 2 ]
"'[ @ with pp ref. from scaled cross section at Vs = 7 TeV —4—b(—>c)—elyl<08 ]
ok i . i =2. .
120 with pp ref. from FONLL calculation at Vs = 2.76 TeV B |:| syst. uncertainty .
e . 1.5 -

‘ nomalization uncertainty

o
%
S
==
T
=
==

0.2F 1 0.5
0:Illllll‘Illl\II‘IIIl\I\lIIIlI\I‘III_ ALICEPreIiminary

0 2 4 6 8 10 12 14 16 18 T Y P Y P P T
P (GeV/c) 1 2 3 4 5 6 7 8

P, (GeV/c)

Suppression of leptons from charm-hadron decays,
similar at mid and at forward rapidity.
Hint for suppression of beauty-decay electrons
=5
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Mass ordering of energy loss *
ALICE

Charm compared to light hadrons ()
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< | | | | ]

< - . B S 7

o 180 Pb-Pb, \ Syy = 276 TeV B o 1.4~ Pb-Pb, \/37NN =276 TeV HL-_,‘;E o

E E [ ® Average D°D*D*, lyl<0.5 ecimIvn ]

1.6— 0 e e — 1.2 Correlated systematic uncertainties —

C ‘AYerage D", D%, D" ly|<0.5, 0-7.5% ] [ Uncorrelated systematic uncertainties ]

1.4F owith pp pT-extrapoIated reference — L e % lyl0.8 i

~ = Charged particles, |<0.8, 0-10% ] L ]

127+ Charged pions, [n|<0.8, 0-10% = - 5<p <8 GeVic 1

] - 0.8/ + ]

0.8 - 0.6 -

] 0.4 @ ¥ -

E 0.2 = @ - -

Oo S— é - l1 |Ol - I.llsl = I2|OI = élsl - |:3|0I — |3I5| - I4:0 O:I (| ‘ L 111 ‘ I | L 111 | L 111 | I | ‘ L1 11 ‘ 1 11 I:

0 50 100 150 200 250 300 350 400
p. (GeV/c) (N_ weighted with N_ )
T part coll

No evident ordering with current results
D meson and 1 R, compatible within uncertainties
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Mass ordering of energy loss

Charm compared to beauty (B — J/p)

<14 T
<C L

1.2

0.8

0.6

0.4

0.2l

I|\|\II\|\III|\III|IIIIIIII\III\I\\
Pb-Pb, \s\\ =2.76 TeV

m ALICE Preliminary D mesons
8<pT<16 GeV/c, lyl<0.5

Correlated systematic uncertainties
[ Uncorrelated systematic uncertainties |

- Djordjevic Non-prompt J/yp (6.5< P, < 30 GeV/c)

---------- Djordjevic Non-prompt J/p (with ¢ quark energy loss)
II - - - Djordjevic D mesons (8 < P, < 16 GeV/c)

-
-

=
~~~~~
-

=
I‘II\|\\

"
",
i

]

.
~ Sy,

~ -~ o Sy W
® CMS Preliminary Non-prompt J/p E _____ E""
6.5<pT<30 GeV/e, lyl<1.2 =

[]Systematic uncertainties CMS-PAS-HIN-12-014

llllllllllllI|JIII|IIII|IIII|[II1|1IJ

"
,,,,,,,,
'''''
o

0

50 100 150 200 250 300 350 400
( NIDart weighted with N )

cms. | ALICE

Similar kinematic region selected

Indication of mass ordering in
central Pb-Pb collision

RA(D) <R.(B— J/p)

Comparison with theoretical

model based on pQCD
Djordjevic, PL B734(2014)286
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Pb-Pb: elliptic flow

e |nitial spatial asymmetry in semi-central
collisions — azimuthal anisotropy of final Reaction,
hadrons plane
dN N,

o = 57_:- (1 4+ 2v; cos(p — ¥y) + 205 cos[2(p — Ua)| +...)

e Degree of participation of charm to the
collective motion of the medium:
v,> 0 atlow p_

e Path length dependence of energy loss:
at high p_
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Pb-Pb: heavy-flavor v, measurements
ALICE

Prompt D meson v, Electrons and muons
compared to v, of charged particles  from heavy-flavor hadron decays
Comparable behavior! Similar at different rapidity
>NO.4—[II|I l I I T >NO,5_...|...|...|...|...|...|..._
- ALICE Poy | =276TeV - ALICE Preliminary :
‘ Centrality 30-50% _ 0.4 :_ —e— Heavy-flavour decay e, v{EP, IAn| > 0.9}, lyl <0.7 —:
~ o ﬁf | [ -=- Heavy-flavour decay u*, v,{2}, 2.5 <y <4 :
< ] B -
%‘3 2 <><§§> @ ] 03[ Pb-Pb, (S, = 2.76 TeV
29 . | [ 20-40% Centrality Class
o% L | T 3 0.2f .
=S - - 0.1 M1t | 7
O ¢ Charged particles, v,{EP,IAn|>2} [ ' | l::l ]
E' o = Prompt D°,D", D* average, lyl<0.8, vz{EP} | § 1 :
oo [ ] Syst. from data 7 0 o | E i R e ]
-0.2—[ ] Syst. from B feed-down — N
0 2 4 6 8 10 12 14 16 18 0. o
p_ (GeVio) 0 2 4 6 8 10 12 14

Non-zero v, coefficient at low p._:

hint for participation of charm to the collective motion
==
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Pb_Pb theory mOde|S (*) references in spares

ALICE

Theoretical model to translate the measured observables to fundamental
properties of the QGP: transport coefficients

—  POWLANG

<2?6-I\\|\\I\‘I\Illll\l|llllI|I||I||\\I-J—
< . ]
m :::: ALlCE Pre“mlnary . >N LI L L L L B e L N N Y B B B N B
8L Pb-Pb, \|s =276 TeV E 0.4f " ALICEDD", D average  Pb-Pb, S =2.76 TeV -
N “*H[ ] Syst. from data . -
_. «t ] B Centrality 30-50% .
16 - Average D D D* If<05 TAMU e|ast|c 7] _|:| Syst. from B feed-down y ° ] -
- 0-7.5% centrality Djord V|c é ] 0.3 7 py)
s ass () — L i
WHDG rad-coll g) R B N O
e MC @sHQ+EPO : B = ©
—— Vitev, rad+dissoc (* - 'y . o
— - POWLANG (9 ] 0.2~ il ~, = N
= BAMPS el. (%) - B ! B Yo, i S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ! BAMPS el-+rad (1) g L - - =
(*) predictions for 0-10% — 0 1 - s !f; ' '"”\:" LSRR ;: ui 7'} ] N
(**) predictions for 0-5% ] e i' ” ._\.!ﬁ--l--f-".'.*:,-;‘ S 1 B \6
Filled markers : pp rescaled reference | ) é'« T b Rt ] cﬁ
Open markers: pp p_r-extrqpolated reference ]| 0:!:'!: .................................................................................................................... i (o)
' = WHDG rad-+coll e
-

0.1 - Cao, Qin, Bass
B nCIRLEE MC@sHQ+EPOS, Coll+Rad(LPM) - --- TAMU elastic
= @ [ess BAMPS UrQMD
] C I 1 | | | 1 1 | 1 1 1 | 1 1 1 ‘ | 1 | | | 1 | ‘ 1 1 1 ‘ 1 I 1 | 1
5 0 2 4 6 8 10 12 14 16
3 40 p_(GeV/c)
GeV/ c) T

Simultaneous description of R, , and v, challenging!
Data start to be precise enough to constrain energy loss models
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Pb-Pb: outlook

o Extend measurements to low p_and high p.

AA

o Essential to determine o__in Pb-Pb collisions & |, =rmeime

Discriminate models which interpret
J/p suppression at the LHC

Talk by lonut Arsene

e Extend beauty measurements yesterday!

e p,range, uncertainties, new methods

e |Important work on the theoretical side!
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Proton - lead results ALICE

I=5= 1L
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Cold-nuclear matter effects
ALICE

What is the effect of having a nucleus as incoming projectile?
Modification of nuclear PDFs:

Gluon saturation/shadowing Anti-shadowing

at IOW X, kT-broadening’ . "'f \} ‘: ???IOIOI' "'f\‘l T?;I?Il" L | I L
CNM energy loss ... s

Fermi-motion

o NMC Ca/D
e SLACE87FeD
m SLACEIL39 Fe/D
A E665 Ca/D
— Parameterization ;
-~ EITOT In parameterization
| ll!lllll....l I‘II_IIIVT
2 3 4 567 0.1 2 3 4567 1 EMC_effect

X

Shadowing

EPS90 Eskola, Paukkunen, Salgado

Investigated with p-Pb collisions to discriminate between initial-state and
final-state effects (Vs = 5.02 TeV)
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arXiv: 1405.3452

D meson Rppb %

dopidpr 1 ALICE

Ropo(Pr) = do_/dp, A Compared to R,

B B T T T | T T | T T 1 | T 1T 1 | 1T 1T 1 | T ]

O - ALICE —a— p-Pb, \fs—NN=5.02 TeV

& [ T T T T | T 1T T T ‘ 1T T 1 | T T T T | T T T T | T T ] (U 1 .6 ; 0 + *+ '0.96<ycms<0.04 ;

o [ ALICE p-Pb, [5=5.02TeV 1 e - Average D', D", D ]

16 Average D°, D", D™ B L 14 Pb-PD, |sy=2.76 TeV

B -0.96<y__<0.04 i "c'u' TR y /<05 -

1.4 ] O B —e— centrality 0-20% ]

- ] 5 120 - —-— centrality 40-80% |

__ i (@) B ]

B IE E [ — + o | }

. o B i

C ] 8 B ]

- . © 08 . e

- i = Cfinn ]

» E 0.6 J]’ : %“%“ ) 7]

0.4F- - E I - .

- ----CGC (Fuiji-Watanabe) ] 0.4 U - 1 —

0.0l == pQCD NLO (MNR) with CTEQEM+EPS09 PDF | el * } _EI I .

E ----- Vitev: power corr. + k_broad + CNM Eloss E 0.2 LI B —

0 | | 11 | | — | ‘ L1 L1 | 1 - 1 | | | - | | L1 | |

0 5 1 0 1 5 20 Gzill 0 C | | L1 1 1 I | R | | L1 1 1 | [ | L1 ]
p. (GeV/c) 0 5 10 15 20 25

P, (GeV/c)
The suppression at large p_ in Pb-Pb collisions

is a final-state effect =1
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()

Electron and muon Rpr

e Electrons at mid rapidity (inclusive and beauty)
e Muons at forward rapidity

pm Forward:
—~— Pb p-going
F ALICE Prefiminary 8 L e e e e e e LA B s e o B i o B R
— o - _ + -
a: A ALCE b — 6 o o5l p-Pb \ s\ =5.02 TeV, u*<— ¢,b decays ]
: 4 ALICEb (»c)—> e C 2.5<ycms<3.54 ]
25— C .. ]
C B normalization uncertainty > C ALICE Prellmlnary =
2 F ]
- 15F .
15— C ]
- H 1 e P e T EL L AL LU Lt el
1_*- T - ERE TN g ST { ----------------- --- C _______ DS -
E E L == Lo (MNR) with EPS09 shadowing
0.5— 0.5 Vitev: coherent scattering + kT broad + CNM Eloss 4
- P-Pb, sy = 5.02 TeV, min. bias, -1.06 <y ,,; <014 C systematic uncertainty on normalization ]
L P | P R R B R | Lo ol PR U TR T [N T TN T SN SN S AT SN TR SN (N TN N T [N S SN S A SRR E |
0 2 4 6 8 10 ,;z(Gewg)“ 0 2 4 6 8 10 12 14 16
T P, (GeV/c)

Rpr

ALICE

o Cold nuclear matter effects small in measured p, range

e pQCD + shadowing / cold nuclear matter effects describe the data*

references in spares
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i Backward
e P Pb-going
ML A A LA LA B L BN I g
o5 - p-Pb sy =5.02 TeV, u*<c,b decays
s A<y <296 ]
C ALICE Preliminary ]
2 ]
15F
1 feee s T T R R -
:_ —— NLO (MNR) with EPS09 shadowing _:
05F —— Z.B. Kang et al.: incoherent multiple scattering B
C systematic uncertainty on normalization ]
M B B BRI B R B B |
00 2 4 6 8 10 12 14 16
P, (GeV/c)
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p-Pb: electron-hadron correlations
ALICE

Angular correlations in low-multiplicity events (60-100%) subtracted from
high-multiplicity events (0-20%), to remove jet correlations:

p-Pb, ys,,, =5.02 TeV
(0-20%) - (60-100%), Multiplicity Classes from VOA —_
(e from c,b)-h correlation g "I_O B p-Pb, \IS_NN =5.02 TeV
1.0 <p® < 2.0 GeV/c @ - :
0.5 <p"<2.0 GeV/ic S ALI C E = | (e from c,b)-h correlation
SR LI any 5 341 0-20%) - (60-100%), Multiplicity Classes from VOA
&

i1.0<p:<2.0GeWc HLICE

B h
3.3 _D.5<pT<2.0 GeV/c PRELIMINARY

(1/N) (*N, / dAndAg) (rad™)

_g Il <0.9, Al < 1.6
\_C | Global normalization uncertainty = 0.022 rad’
zZ 3.2_—
= +
N agStas +—+—+-_,,_++ +
A (rad)
Double ridge similar to light-flavor sector: PL B719(2013)29

e Color Glass Condensate in initial state Dusling, Venugopalan PR D87(2013)094034

e Hydrodynamics in final state Bozek, Broniowski PL B718(2013)1557
== 1L
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Concluding ... ALICE

I= =1l
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Outlook

ALICE

Run2: 2015-2018
e pp collisions at \s = 13 TeV, Pb-Pb collisions at Vs, = 5.1 TeV

e Significant increase of statistics in all systems!

e More statistics will also allow to reduce partly the systematic
uncertainties (possibility to perform many more studies)

o Extend p, range, to 0 (D°) and to high p,
e More beauty, correlations, heavy-flavor in jets

Run3: 2020-2023
e PDb-Pb collisions up to 50 kHz!

e Entirely new ITS (reduced material, improved
resolution)

e 10 times more statistics ...

e .. together with better resolution — access to rare signals, heavy-
flavor hadrons (A, A, etc), B meson full reconstruction

Talk by Massimo Masera
on Wednesday afternoon!!
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Conclusions

ALICE

e Heavy quarks are excellent probes of strongly-interacting matter
produced in heavy-ion collisions

e Heavy quarks are interacting with the dense medium and being
significantly slowed down, by collisional and radiative energy loss

e Flow measurements hint at participation of charm to the collective
motion of the medium

e |Important theoretical work needed now, to provide coherent
description of observables and extract fundamental —g&E=—=
properties of the QGP '

e ALICE is the perfect place for heavy-flavor physics
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t

t

1/2np_d2c/dp dy (mb/(GeVicY )

Conclusions

ALICE

107 b_ L e A e e e §1.47|v|||v||||vmw|wvu‘uu‘uu‘vuuwuuL
E 2 [ auce —a p-Pb, (5,=5.02 TeV 1 T L Pb-Pb, {syy = 2.76 TeV E
= 3 p-Pb, {5y = 5.02 TeV 8 F 0.96<y_ <0.04 | I NN b
102 E = (0-20%) - (60-100%), Multiplicity Classes from VOA “— 1.6 L Average DD, D+, D* ’ ems = B 1.2 m ALICE Preliminary D mesons ]
E 3 (e from c,b)-h correlation c L - r 8<pT<16 GeVrc, lyl<0.5 B
C - 1.0 <p%< 2.0 GeV/c Ke] 1.4 C Pb-Pb, ﬁ=2-76 TE\L‘ r [ Correlated systematic uncertainties
0 E E 0.5 <p} <2.0 GeV/c ALICE -Es- L _ 1Y sl <05 _ r [ Uncorrelated systematic uncertainties
£ 3 ‘l; PRELIMINARY Ks} C _ —e— centrality 0-20% ] 1 L ordjevic Non-prompt J/4y (6.5< p_ <30 GeV/c)
= - © = 2 i -80°/ — L Djordjevic Non-prompt J/y (with ¢ quark energy loss) 1
10 E 3 = '8 1.2 - u+ +ull m —=— centrality 40-80% - L R D}ord}ez:c D mepsonsp(a <1|:17(<I16 GeVic) d B
F i 7 E m ] 0.8 -
10° = -§_ E - umi T “} r i
E = S [ - a = -
C 7 %1 - (] r H = |_| H ] L - 4
10—5; E! ~ = % 0.8 7 0.6 7 h
E 3 z‘ y 5 r ~ rlu ] Food 4
107 -4 &, Z o6l AL —p— U 4 i ]
Epp, ([s=7TeV 3 o r '{’* . 1 0.4
10%= —+— ALICEc,boe = < 0.4 - n ] B 4
E —#— ATLASc,b—e 3 z s ?‘ b 3 s "
T FONLLc,b—e,|y| <05 q 4 r H ] 0.2~ @ CMS Preliminary Non-prompt JAp E‘""--.E" —
10 E FONLLc,b— e, |y| <2 excl. 1.37 < |y| < 1.52 E| -1.5 0.2 = - — r 6.5<pT<30 GeV/e, lyl<1.2 Rl
E vl | Lol | r 7 [ [ Systematic uncertainties ~CMS-PAS-HIN-12-014 7
3x10" 1 2 3 4567810 20 30 T T T T R 0 b b b b b s b
p, (GeVrc) Cb 5 10 15 20 25 0 50 100 150 200 250 300 350 400
pT (GeV/C) ( Npan weighted with Ncoll)

Stay tuned
new results soon!!
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Theory references

ALICE

* Pp
Perturbative QCD
e FONLL: JHEP 1210(2012)37
e GM-VFNS: EPJ C72(2012)2082
o k_factorization: arXiv:1301.3033

e (Cold nuclear matter effects
R . D mesons
pPb

e CGC calculations: H. Fuji, K. Watanabe, arXiv:1308.1258

e MNR (NP B373(1992)295) pQCD calculations with EPS09
parametrization of nuclear PDFs (JHEP 04467(2009)065)

e Energy loss in cold nuclear matter: I. Vitev, PR C75(2007)064906

I=5= 1L
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Theory references

ALICE

e R _ electrons
pPb

e FONLL pQCD calculation with EPS09 shadowing parametrization

M. Cacciari et al, JHEP 006(2001)0103; K. Eskola et al., JHEP
04(2009)065

° Rppb muons

pQCD models including cold nuclear matter effects
e MNR: M. Mangano et al., NP B373(1992)295; K. Eskola et al., JHEP
04(2009)065;
e |. Vitev, PR C75(2007)064906
e /. Kang at al., arXiv:1409.2494
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Theory references

ALICE

* Pp
Perturbative QCD
e FONLL: JHEP 1210(2012)37
e GM-VFNS: EPJ C72(2012)2082
o k_factorization: arXiv:1301.3033

e (Cold nuclear matter effects
R . D mesons
pPb

e FONLL: M. Cacciari et al, JHEP 006(2001)0103; K. Eskola et al., JHEP
04(2009)065

e MNR: M. Mangano et al., NP B373(1992)295; I. Vitev, PR
C75(2007)064906; Z. Kang at al., arXiv:1409.2494
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Theory references - Pb-Pb

ALICE

e QCD-based models with in-medium radiative/collisional energy loss
e Dokshitzer, Kharzeev, PL B519(2001)199
e Armesto et al., PRD 69(2004)114003
e Dijorjevic et al., NP A783(2007)493

e Mass hierarchy of parton energy loss included
e Djorjevic, PL B734(2014)286
e Wicks et al., NP A872(2011)265

e More
e BAMPS, JPG 38(2011)124152
e WHDG, JPG 38(2011)124114
e Vitev et al., PR C(2009)054902
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Theory references - Pb-Pb

e Descriptionof R ,and v,

e TAMU elastic: PL B735(2014)445

e Djordjevic: PL B734(2014)286

e Cao, Qin, Bass: PR C88(2013)044907

e WHDG rad+coll: NP A872(2011)265

e MC@sHQ+EPOS: PR C89(2014)014905
e Vitev, rad+dissoc: PR C80(2009)054902
e POWLANG: JP G38(2011)124144

e BAMPS: PL B717(2012)430
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Heavy-flavor fragmentation
ALICE
e |mportant to understand interplay
between production, interaction with e ) hadrons
medium, and fragmentation
production P.QH.QJJ energy fragmentation

e ATLAS results on charm fragmentation

in pp not described by theory at low p.
and low z PRD 85 (2012) ) e
£ 0.30 < 2% < 0.60 £40 0.70 < 2% < 0.80
UJ1 sok Signif.(3a) = (4.3 = 1.2) w Signif.(3a) = (7.3 = 0.8) .
S/B (30) = (0.24 = 0.08) S/B (30) = (1.91= 0.33)
e ALICE has the best chance to address o sof skA=0t
this region with low p_ coverage and
. . . . of MO°
particle identification
e D™*in jetS or 10f
e |mportant program for Run2 (statistics)
o= .0.14l = l0.15l = .0.16 o .0.14l 0.15 0.16
M(Ksr)-M(Kx) (GeV/c?) M (Kror)-M(Kx) (GeV/c?)
I=5= 1l
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The ALICE spectrometer

LHC Point 2
52 m
underground

Total weight : 16000 t
Overall diameter : 16 m
Overall length : 26 m
Magnetic field : 0.5 Tesla

ALICE

SPD SDD SSD TOC VoC

ACORDE
EMCal

HMPID

' __ ' #25 FMD
ZDC - / ..

TOA, VOA

PMD

TRD
TOF

—~ig
PHOS ' ’

absorber
L3 solenoid dipole

S.Masciocchi@gsi.de

Heavy flavors in ALICE, Kruger, December 2014



Inclusive electrons in pp at vs=7 TeV

Inclusive electron spectrum
Electron ID with TPC and

TOF-TRD or EMCal

Cocktail of “background”

electrons

e Dalitz decays. Input: the
measured 11° spectrum

e Heavier mesons by m_ scaling

e Photon conversions
e Jly, Y
e QCD photons (y, y*)

1h2np) FNAdp dy) ((GeVic)®)

IIIIIIIIIIII TT T T T T TT
App.s=7 TEV,ILdt =2.6nb’ TPC-TOFTPC-TRD-TOF

—— (e'+2)/2, lyl <05
= background cocktail

mma gl conv.ofy
—_—T ' ]
e P e E
—= Jry ]
. E =
-—--T ——directyy

Ty
w
L
%
ol
‘--

-‘,'.'
-

inclusve eactrons / background cockiail
= M Lo B h N o= 0O W

I cocktail systematic uncertainty
[EE inclusive slectron systematic uncertainty
I tois! =y=tematic uncertainty

e

1 2

Phys.Rev. D86 (2012) 112007

r_t1 (GeVic)
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D-meson yields vs multiplicity

ALICE

Self-normalized D-meson yields

T - — R -
vs charged track multiplicity o 14C  ALICE E
< - pp is=7TeV .
. . . g 12:_ ¢ D° meson, lyl<0.5, 2<p_<4 GeV/c _:
L Yleld per event InCreaSeS Wlth al B +7%/-3% normalization unc. notshowr-lr B
multiplicity = 10 4 I - W 259<40,p0 -
: C 1.5% normalization unc. not shown 7]
e Similar behavior to J/y %" 8~ .
production, also at mid rapidity 3> 6o { ]
| ] .
© 4 .
o ~ L (| |
§ %) 2r o E
L :‘;': | = B ‘on N
Ses ] N -
...; § 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
9 & c 020 E
W 3 o
i 5 0.2F =
L5 0, 0] C
: B QL -04F . ‘ . —
= *’:-’. L = _." m 0 1 2 3 4 5
B SO N, Jin 1 (&N o
— I=5= 1L

S.Masciocchi@gsi.de Heavy flavors in ALICE, Kruger, December 2014 o8




Geometry of a Pb-Pb collision

— high multiplicity

— low multiplicity

E.g. measure by VZERO scintillators +
reproduced by Glauber model fit

: a AL LI B I DL B B

oy [~

o g + Data

8 - Glauber fit

Q3 1o ,

o Y [ttt 500 1000
o> %% _
-~ O =
g | :
S T g8 8| &8 | & . ¥
. = 107 Ol | e phy = =
- >< ol o o o o i 1o E
40—3 a | = ™ ~ - 0 o

-1 ® 102 AP PR I A PP | ISP PP | PPN NP AU I
= 0 5000 10000 15000 20000
&) VZERO Amplitude (a.u.)
Q eripheral

g perip

e

o

Central collisions — high number of participants

.

Peripheral collisions — low number of participants

-~ | &
23
il
23
23

Centrality:
percentile of
total hadronic
cross section

central
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Charm: DS mesons

D 2_ T | T | T | T | T | T | T | rTTT]

. B, o Pb-Pb)\ sy, =276 TeV * -

D% D*, D™ averaged £ 18 :
, ’ g g_ 16:_ PR#R? _:
1ab * Average D, D', D™ 0-7.5%, |y|<0.5 ]

r + D! 0-7.5%, |y|<0.5 .

D 1.2 :_ Filled markers : pp rescaled reference _:
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p-Pb: D-hadron correlations

Sensitive to contributions from the
different production mechanisms

Sensitive to charm fragmentation:
parton shower, hadronization

pp: within uncertainties, described
by PYTHIA

p-Pb: compatible with pp after
baseline subtraction

No indication for
cold nuclear matter effects
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