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Why heavy flavours in ALICE?

In proton-proton collisions:

ALICE

e charm and beauty quarks produced in high-Q?
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. and being “heavy-ion”-minded:

e heavy quarks dominantly produced in the early
stages of the collision

exposed to the medium evolution

e no additional production in the hadronic phase

Pre-Equilibrium
q =

Phase (< 1) Ideal probes

b quark
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e prmiie= ALICE

Probing the medium

o Partons lose energy in the medium via elastic collisions and gluon
radiation
e Medium-induced gluon radiation depends on:

+ medium properties and path length in the medium
* parton colour charge (Casimir factor) “

* parton mass (dead-cone effect) %W

Dokshitzer and Kharzeev, PLB 519 (2001), 199 n

AE, > AE,g > AE. > AE, binary collision

e Tools:

* Nuclear modification factor
_ 1 dNAA/de
(Taa) dopp/dpr

RAA(B) > RAA(D) > RAA(’IT)?

Raa

+ Azimuthal anisotropy

dN N
—=—0(1+2~vlcos(ap—\lll)+2-vzcos[Z(Lp—\llz)]+... 7
de 27

collective motion at low pr and path-length dependence of parton

energy loss at high pr
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Leptons in ALICE % Themba

e e Q) TCE

Why leptons?
e Possible trigger particles
e BR =~ 10% for ¢,b — e(u) + X

=5

o Clean signature in calorimeters for
high-momentum electrons

o At high pr, muon sample has low
background from non-heavy flavour

sources
Electrons Muons Forward Detectors
e |n| <0.9 e 4<n<-25 ® lLarge n
e down to very low pr ® p>4GeV/c ® Interaction trigger
® Tracking, vertexing and PID e Bkg: 7 and K decays e Event characterization
. . Lo subtraction via MC in pp or
eRBke M Clcocktailsiandiele data-tuned MC cocktail in

invariant mass analysis p-Pb and Pb-Pb
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pp collisions: electrons < heavy flavours at /s =7 TeV

ALICE

e Combined two PID strategies:
TPC+TRD+TOF and TPC+EMCal

t
S

t

e FONLL calculations

1/(2np) Eo/(dpdy) (mb/(GeVic)? )

over the full pt range
—$—ALICEc,b—e
108 < ATLASc,b > e
—FONLLc, b —> e, |y| <05
F — FONLLc, b — e, |y| <2 excl. 1.37 < |y] < 1.52™

(Cacciari et al., arXiv:1205.6344)

e Complementary with corresponding ATLAS 10°

measurement which is restricted to high pr

Data/FONLL

0 I
4x10" 1 2 3 4 5678910 20 30

p, (GeVic)
ALICE, Phys. Rev. D 86, 112007 (2012)

ATLAS, PLB 707 (2012) 438
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pp collisions: electrons < beauty at /s =7 TeV

e prmiie=  ALICE

® Long lifetime for beauty hadrons ¢t ~ 500um PLB 721 (2013) 13-23
® Further e track rejection via pr-dependent —~
impact parameter do cut g pp, Vs =7 TeV,JLdt =22nb"
[}
e Charm extraction: subtraction of the % e b(sc)oe
~ bt A i S vcoe
beauty-decay contribution from the inclusive £  FONLLb (5 c) e
spectrum of electrons from heavy-flavour decays 3 ——FONLLG — e
o
o FONLL pQCD predictions are in agreement %
within uncertainties both with the charm and the 2
beauty differential cross section down to low pt &
(Cacciari et al., arXiv:1205.6344) =
o
3
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pp collisions: electrons < beauty at /s =2.76 TeV

® Azimuthal electron-hadron correlations, complementary technique to impact-parameter method

® Broader near-side correlation for e <— b compared to e < ¢

e Fit templates for charm and beauty obtained with Pythia

® pQCD predictions describe within uncertainties the beauty differential cross section (FONLL: JHEP 1210

(2012) 37, GM-VFNS : EPJ C72 (2012) 2082, k-p-factorization

PRD 87 (2013) 094022
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pp collisions: p < heavy flavours at /s = 2.76 and 7 TeV %RF

@ bsee= ALICE

§ 10f F \ ALICE pp ¥5=7 TeV, p*-HF in 2.5<y<4 3‘14000}ALICE pp ¥s=7 TeV, p*«HF in 2<p<12 GeVic
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® background (u < , K) subtracted via MC simulation N |
. 10°g
normalised to data at low pt e e
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<Rl
arXiv:1205.6344 2 0.
A z 4

6 8 1
PRL-109 (2012) 112301 P, (GeVic)

Heavy-flavour and W-boson production measurements via leptonic decay channels Dubna, 6-11 July 2015 7/18



Pb-Pb collisions: Raa(pT)

2 e e
1 dNaa/dpt n::(( 1sb POPb (5= 276 TeV, 0-10%
RAA(PT) - T . ﬁ ‘é’ ) e pp ref (scaled cross section at 7 TeV)
< AA> JPF’/ pPT % 16 * pp ref (FONLL calculation at 2.76 TeV) ]
S b E
[}
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oomémj‘m\m\“‘1\‘)“‘\“‘\“‘\“‘
P, (GeV/c)

1.
n:g ALICE Pb-Pb \5,=2.76 TeV, u*« HF in 2.5<y<4
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0.8
o pp reference measured at /s =2.76 TeV 06k H«H—Hﬂ“{ﬂ»

e Suppression by a factor 3-4 for pt > 5 GeV/c in g4t

ol

==

the 10% most central collisions 02k %ﬁﬁ # —H—
. . . .. i Filled boxes: systematic uncertainty on normalization
e Less suppression in peripheral collisions 0 \ \ , , J
0 2 4 6 8 10
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Pb-Pb collisions: beauty-decay electrons Raa(pT)

< 25 T T T T
o« L Pb-Pb, \sy, = 2.76 TeV, 0-20% centrality ]
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e Separation of charm and beauty contributions based on fits to the
electron impact-parameter distribution

® Raa < 1 for pt > 3GeV/c: hints for b-quark energy loss in the
medium
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Pb-Pb collisions: Azimuthal anisotropy

e prmiie=  ALICE
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o Similar v, for electrons (mid-rapidity) and muons (forward rapidity)
e Both in electron and muon channels, positive v» at low pt (30 effect)
e Indication of increase of v» from central to semi-central collisions

e Heavy quarks (mostly charm at low pr) participate in the collective expansion of the
medium
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Pb-Pb collisions: Raa(pt) and vo: challenging the models

e prmiie=  ALICE
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2 g ALICE

p—Pb measurements

H + +
Open questions: uE— W
o Are the Pb-Pb results due to QGP ® Main source of high-pt muons
formation? (pr = 30GeV/c) are decays of W and Z°
e What is the role of cold nuclear matter? o W™ created in hard scattering, decay muons

L X . are insensitive to the strong interaction
e How are parton distribution functions

odified i clei? ® |deal probes for PDF modification and
modified in nuclei?

binary-scaling tests
e Do we have a control experiment?

N, =400.4+22.7 - data

Heavy flavours E yindt=87.77/66 Wrews
. . U R Rlnge 12<p<80 GeVic Bzt
o Nuclear modification factor: R,pp - FONLL

| 203<y! <3.53

p-Pb | 5,,=5.02 TeV

e Electron-hadron angular correlations to ALICE Preliminary

look for collective behaviour

o Exploit two beam configurations to
explore backward and forward rapidity
regions

Pb

1B

. W’w “rhws ] by

T
.
o)
(data - fit)/fit
s
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p-Pb collisions: electron <— heavy flavours - R,py,

i
D
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o Nuclear modification factor consistent with unity for heavy-flavour decay
electrons

o Electrons from beauty-hadron decays also show an R,pp, consistent with unity

o Cold nuclear matter effects are not the cause of the strong suppression at
high pt in Pb—Pb collisions
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p-Pb collisions: muon < heavy flavours - Rypy,

Backward rapidity Forward rapidity

e LA A S N I e A LA e A B
o 25 E p-Pb s = 5.02 TeV, u*« c,b decays o o5 F p-Pb \sy, = 5.02 TeV, u* c,b decays
“r A<y <296 3 “r 2.5<y  <3.54 3
[ ALICE Preliminary ] [ ALICE Preliminary ]
15F { 15F {
1 : - Il
o 3 o i ]
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o Beam-energy asymmetry: different rapidity coverage for the two beam configurations
e Forward: 2.5 < yems < 3.54, Rypp, consistent with unity
e Backward: —4 < yems < —2.96, Rypy, slightly larger than unity in 2< pt <4 GeV/c

o Different models including cold nuclear matter effects reproduce the data:
pQCD with EPS09 nPDF NPB 373(1992)295, JHEP 04467(2009)065

I. Vitev: coherent scattering, kt-broadening and CNM energy loss PRC 75(2007)064906
Z.B. Kang et al.: incoherent multiple scattering pLB 740 (2015) 23
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p-Pb collisions: electron-charged particle angular correlations %}RF

e prmiie=  ALICE
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e Goal: search for long-range correlations (effect already observed with light flavours [pLe

719(2013)29])
e Measurement performed in three event-activity classes: 0-20%, 20-60%, 60-100%
o Measurement in pp collisions at 7 TeV also shown here

e High pr: near and away-side yields are similar in different p—Pb event-activity classes and

in pp data

Low pr: for the highest event-activity classes, enhancement of the yields with respect to pp

both on the near and the away side
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p-Pb collisions: electron-charged particle angular correlations %

o

p-Pb, {5, = 5.02 TeV.
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e Jet contribution removed by subtracting 60-100% from 0-20% p—Pb event-activity classes

e Double-ridge structure observed, as for the light flavours

e Do potential explanations for light-flavour results hold also for heavy-flavour decay

electrons? (CGC and/or final state hydrodynamics [Pro 87 (2013) 094034], [PLE 718 (2013) 1557])
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p-Pb collisions: muons from W-boson decays
tomn g A TCE
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Summary

pp collisions
o Measurements of heavy-flavour decay muons (at forward rapidity) and electrons (at
mid-rapidity)
e pQCD calculations reproduce measurements within uncertainties
Pb—Pb collisions

e Strong suppression of heavy-flavour yields both in the electron and in the muon channels in
central collisions

o Similar Raa for electrons (mid-rapidity) and muons (forward rapidity)

o Positive v» values: charm quarks participate in the collective expansion of the medium

o Together, Raa and v, represent a challenging test for model calculations

p-Pb collisions

o Leptons from heavy-flavour decays show a Ryp, compatible with unity: the suppression
measured in Pb-Pb is then due to final-state effects. Models reproduce the data within
uncertainties.

o electron-charged particle correlations show a double-ridge structure like in the light-flavour
sector

e High-pt muons can be used to measure W= cross-section measurements are reproduced by
a NLO calculation that includes nuclear PDFs

o 1 < W yields show a flat behaviour versus event activity: confirm the binary-collision
scaling for hard processes
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