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Outline

_ - ALICE
> Physics motivations
> Open heavy-flavour measurements with ALICE
> Heavy-flavour decay electrons\l Measurements in the central barrel

> D mesons ( > (mid-rapidity region)

> Heavy-flavour decay muons - Measurement in the muon spectrometer
(forward/backward rapidity)

> Malin results:

> pp collisions @ Vs =7 TeV
> p-Pb collisions @ Vs, = 5.02 TeV

> Pb-Pb collisions @ Vsy,- 2.76 TeV
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Motivations: why open heavy flavours?

> HF in pp collisions: @ e ALICE

~ Test of pQCD-based predictions for production cross sections
> Study the effect of multi-parton interactions on the heavy-flavour sector
> Reference for p-Pb and Pb-Pb measurements
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> HF in pp collisions: @ ") ALICE

- Test of pQCD-based predictions for production cross sections
> Study the effect of multi-parton interactions on the heavy-flavour sector
> Reference for p-Pb and Pb-Pb measurements

> HF in p-Pb collisions: gy ‘

» Control experiment for Pb-Pb measurement
> Address cold-nuclear-matter effects
. Shadowi d al turati K.J.Eskola et al., JHEP 0904(2009)65;
adowing and gluon saturation  y i & k.watanabe, NPA 915(2013)1
> Energy loss in cold nuclear matter 1.vitev at al., PRC 75(2007)064906
-k -broadening X.N.wang ,PRC 61(2000)064910
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-k -broadening X.N.wang ,PRC 61(2000)064910

> HF in Pb-Pb collisions: " .

»  Study of the interaction of heavy quarks with the medium
Because of their large mass, heavy-quarks are produced at the initial stage of
the collisions in hard partonic scatterings 1~ %2 m, ~ 0.02-0.1 fm/c <<T__,

Flavour is conserved in strong interactions — They are transported through
the full system evolution
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Heavy-flavours in heavy-ion collisions %‘%

ALICE

> Study HF interaction with the medium via:

> Parton energy loss

Depend on: colour charge, quark mass, path length and medium density

a N
BB ons PBE g > BB >BE ..y Caveats: different shapes of the p. distributions of
light and heavy flavours in pp collisions, different
fragmentation functions, role of soft particle
RAA(T[) < RAA(D) < RAA(B) production for 1t at low p.

T dN ,,/dpy
Nuclear modification factor: RAA=<N TdN T dp
coll pp T
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Heavy-flavours in heavy-ion collisions %K%

ALICE

> Study HF interaction with the medium via:

> Parton energy loss

Depend on: colour charge, quark mass, path length and medium density
- '

, N
BB ons PBE g > BB >BE ..y Caveats: different shapes of the p. distributions of

light and heavy flavours in pp collisions, different
fragmentation functions, role of soft particle
production for 1t at low p,

dN ,,/dp;
<NCO”> dep/de

- R,(M<R,(D)<R,(B) |
N Y

Nuclear modification factor: RAA =

> Collectivity

Initial spatial anisotropy — particle momentum anisotropy
Low p;: degree of thermalization of heavy quarks in QGP

High p; : path length dependence of energy loss

Semi-central collisions

aN = &(1 +2v,cos(p - ,,)H2v, cos[2(p -V ., )]} ...)

dp 2x
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Heavy-flavour decay electrons

ALICE

S
> ¢

B-e+X B.R.~11%
D - e+ X, B.R.~10%

L ,,,\7-,_;

B SN = [ = E >

— ITS: tracking, vertexing, PID
1y

\ TPC: tracking, PID
TOF, EMCAL, TRD: e-ID
VZERO*: trigger and ZDC*: event activity determination in p-Pb collisions
centrality determination *common for all the channels
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D mesons

ALICE

g
o
o
o

Displaced decay vertices (|n| < 0.8):
e D° . K" TT*, BR=3.88 + 0.05%
B D* _. K 1t'Tt, BR=9.13 + 0.19%
- D™ - D° Tt*, BR=67.7 + 0.5%
- D_ - o1
- KK*It*, BR=2.28 + 0.12%

pointing angle epuinl

ITS: tracking, vertexing
TPC: tracking, PID
TOF: PID

-

D'flight line—,,
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Heavy-flavour decay muons

ALICE

B_ p+X, B.R.~11%
D p+X, B.R. ~10%

=~ |-ID via tracks matched with
. the trigger system
-4<n<-25

Dipole magnet Trigger chambers
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ALICE

Results in pp collisions @ Vs =7 TeV
& .

- Test of pQCD-based predictions for production cross sections
» Study the effect of multi-parton interactions on the heavy-flavour sector
» Reference for p-Pb and Pb-Pb measurements
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® s @ rp@Vs=7TeV %
~ Open HF cross section at Vs=7 TeV

ALICE

> p.-differential cross section in all channels
D mesons (e.g. D™)

HF decay e JHEP 1201(2012)128 HF decay p
PLB 708(2012)2659 D, : PLB 718(2012)279 PLB 708(2012)2659
i E % iy 103§ e R I R e e e Ry Es
Ltk % i = EET F ) ALICE 31 S [y ALICE pp {5=7 TeV, p«—HF in 2.5<y<4
§ 10 - PP, \s 7Tev,_[Ldt 22nb ﬁ A D", ppis=7TeV, L 5 nb § g 105; : e
S 10° 3 \‘:: »-\, e b (—) C) — e E _g- F = 'E 104 hrsare l:' pteHF, FONLL
E F 5 s o= - i o=  Ba — —— p*echarm, FONLL
T — FONLLb (5 c) > e 10 1g E pt :
o —FONLLc > e - E - EISERT I S T whebeauty, FONLL
3 10°F = N 14 - R =
e e g == 18102
g— ‘IOE6 __ = 3 e 1: - stat. unc. E E
% e §_ adqitional ?.5% n(larmaliz?tion unlcertainlty : 1—: -8 10 ? giﬁ;r % E 10 ?
e R e = [ Oomvens s 1 -
j 3 10_2 E_13.5% lumi, £ 1.5% BR norm. unc. (not shown) - B ?—
§ 3 3&33:: I :; 2’ 2.5
Eo weptegtetoe = ER
= o5F e e odE = 8 150
25_""'_ . 3 = 1E
= 22—(C) ........... s 3 & L = 0.5H
81.5 ___________________________________________ — (U= . . . : = E L I I | I———
g : - E 0 5 10 15 pfO(GeV/C)ZS 00 2 4 6 8 })?(Gev/g)‘
05 .
e : » pQCD-based calculations (FONLL, GM-VENS, k-
T 85g(d) 3 . . . .
? 25  [total uncertainty - | 7 factorization) compatible with data
’<T>‘ 15— i 3 FONLL: JHEP1210(2012)137; GM--VFENS: Eur.Phys.JC72(2012);
g o.51§- - k. factorization: Phys. Rev. D(2013)094022
; 7 ¢ > Similar situation at Vs = 2.76 TeV

JHEP 1207(2012)191; PRL 109(2012)112301, arXiv:1405.4117v1
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@ rp @Vs=7TeV

Multiplicity dependence of HF production

(*N°/dydp.) / (d*N°/dydp_)

B feed-down unc.

ALICE

> Investigate the role of Multi Parton Interactions in heavy-flavour production

> Self-normalized D-meson yields vs. charged particle multiplicity

0 + *+ 4
D°, D*, D*
L pp \s=7TeV, |y|<0.5 J
10— ¢ D° meson, 2<pT<4 GeV/c =
- D’ meson, 2<p <4 GeVic 1 =
8 + D" meson, 2<p_<4 GeV/c =
: +7%/-3% normalization unc. not shown :
6 =
2 : &
B ] i
j . 1 1 ! 1 1 I 1 ! 1 L 1 1 ! 1l L 1 1 ! I 1 1 k Ij
0.4E-  Bfraction hypothesis: x 1/2 (2) at low (high) multiplicity E
0.2 =
0 1 2 3

4 5
dN,,/dn / (AN_/chn)

N L
= - 2 mult ;¢ mult mult
g J d'Nldydp; Y™ /(€"" X Nipey)

> - 2 T ystot j( tot tot trigger
O i <d N/dyde> Y /(E ><]Vevent/E )
= T ppis=7TeV 3 ]
% 10 D" meson, |y|<0.5 __
— [ —=2<p <4GeVic ¥ ’
— ;—‘—4<pT<8GeV/C i ]
o~ 8 __s<p <12Gevic ]
© B =
- [ ——12<p, <20GeV/c E.g. D*+ ]
=¥ == =
= B ¥ d d
= C P, aepenaence
e T =
L % ’
2 =
B I! +7%/-3% normalization unc. not shown N
> j_‘_- 1 1 ! 1 1 I 1 ! 1 L 1 1 ! 1l L 1 1 ! I 1 1 k ! 1 Ij
§ 0.4E-  Bfraction hypothesis: x 1/2 (2) at low (high) multiplicity E
2 o2 -
I S ——
o E e
- -0.2F: —
(0] =
9D -04F; : . .
m 1 2 3 4 5
chh/dn /{d Nch/dl’])

> Self-normalized yields of all D-meson species increase with charged particle
multiplicity without a significant p_dependence (within uncertainties)

> Charm production connected with stronger hadronic activity and affected by MPI

25/08/2014
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ALICE

Results in p-Pb collisions @ Vs, = 5.02 TeV

“

> Control experiment for Pb-Pb measurement
> Address cold-nuclear-matter effects
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’ p-Pb @ Vs, = 5.02 TeV .
HF decay e* nuclear modification factor %

do,/dp; ALICE

M~ Axdo, Idp,

| T T T | T T { ] I T T T | { | T T
—4— ALICE b,c — (¢" + €)/2, TPC-TOF, ALICE reference
—#— ALICE b,c — (€ + )/2, TPC-EMCal, ALICE reference
25— —#— ALICE b,c — (e + )/2, TPC-EMCal, FONLL reference

3 I

B normalization uncertainty
I FONLL + EPS09 shad.

o HF decay e

nuclear modification factor

III|IIII!IIIIlIIIIlIIIIlIIII

1.5 = ] I l {
1|§| PN RO .
05| l
C ALICE p-Pb, \ s = 5.02 TeV, min. bias, -1.06 < Yaus = 0.14
[ PRELIMINARY _|
lllllll | I 1 1 I 1 1 1 | 1 1 1 | k 1 1 | 1 1 1
0 2 4 6 8 10 12 14
P, (GeV/c)

R oy of HF decay electrons (charm & beauty) compatible with unity within

uncertainties
Small cold nuclear matter effects in the measured p_range

Good agreement with theoretical calculations

> FONLL pQCD calculations with EPS09 PDF parameterizations of shadowing (JHEP
006(2001)0103; K.Eskola et al., JHEP 04 (2009) 065)
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’ p-Pb @ Vs, = 5.02 TeV .
HF decay e* nuclear modification factor %

_ do,/dp; Beauty-hadron decay e
PA Axdo /dp, Analysis based on the study of the
PP electron impact parameter distribution.

& e e e : e SERALIAARESS AR LLLAE RARSA RARENSIAAS RiGET
“S C —#- ALICE bc — (¢" + €)/2, TPC-EMCal, ALICE reference al c 35 - ALICE Preliminary =
'% 25— _ —#— ALICE b,c — (e + )/2, TPC-EMCal, FONLL reference =l 5 B Pb . 02T o o6 - =
i i normalization uncertainty H| C - ] =0, eV, -1.0b< <0. .
E & ; FONLL + EPS09 shad. E 3 :— P V% e Yows 3
g 2 HF decay e = 25 = ] [Isyst error .
g F N . 5 m normalization uncertainty 3

3.l e N £

Eil l 5

05| l i

. ALIGE  P-Pb.\Sy = 5.02TeV, min. bias, 1.06 <y_ _<0.14

P, (GeV/c)

R oy of HF decay electrons (charm & beauty) compatible with unity within

uncertainties
Small cold nuclear matter effects in the measured p_range

Good agreement with theoretical calculations

> FONLL pQCD calculations with EPS09 PDF parameterizations of shadowing (JHEP
006(2001)0103; K.Eskola et al., JHEP 04 (2009) 065)

R oy of electrons from beauty-hadron decays is also compatible with unity
within uncertainties

25/08/2014 PANIC 2014 - G. Luparello 12



’ p-Pb @ Vs, = 5.02 TeV
D meson nuclear modification factor

_do,ldp;
P AXdo, ldp,

arxiv:1405.3452

gz‘_llllllllllllllllllllllIII:‘-IIIIIIlllllllllllllllllill

& | PromptD° - Prompt D* r Prompt D** - Prompt D; ALICE

 p-Pb, \ Syn=5.02 TeV
L -0.96<y, <0.04

IIIIIIIIIIIIIIIIIIIIIIIIII IIIII Illllllllllllllllllllr

0.2F .
G:llllllllIIIIIIIllIIIIIIIII_IIII|II!I|IIII|IIII|IIIEIIIIIIIIIIIlIIII|IIIIIIIlI|I-III1|IIIIIIIIIIIIIIIIIIIII
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
P, (GeV/c) P, (GeV/c) P, (GeV/c) p_ (GeV/c)

- R of D mesons compatible with unity within uncertainty
- Small cold nuclear matter effects in the measured p_range

ALICE

25/08/2014 PANIC 2014 - G. Luparello
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= ’ p-Pb @ Vs, =5.02 TeV .
D meson nuclear modification factor %%

arXiv:1405.3452 ALI C E
: d O pA / dp T f [ T T LI | T T T T I T T T T | T LI T I T T T T | T J ]
pA Eta - ALICE p-Pb, \ 5,,=5.02 TeV 1
AXdOPP/de 1.6 —=— Average D°, D", D" -
E -0.96<y__ <0.04 7]
1.4 ]
0.4 -
- ----CGC (Fujii-Watanabe) g
0.2 | ——= pQCD NLO (MNR) with CTEQ6M+EPS09 PDF
| === Vitev: power corr. + k_broad + CNM Eloss
i 1 1 11 | 1 1 1 L I 1 1 1 1 | 1 11 1 I 1 1 L 1 | 1 L
% 5 10 15 20 25
p. (GeVic)

- R of D mesons compatible with unity within uncertainty
- Small cold nuclear matter effects in the measured p_range

> Good agreement with theoretical calculations
> Color Glass Condensate (CGC) calculations (H.Fuijii,K.Watanabe arXiv: 1308.1258)

> MNR pQCD calculations with EPS09 PDF parameterizations of shadowing
(M.Mangano et al., Nucl.Phys.B 373(1992)295; K.Eskola et al., JHEP 04467(2009)065)

> Energy loss in cold nuclear matter (Vvitev: PRC 75(2007)064906)
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’ p-Pb @ Vs, = 5.02 TeV

HF decay p nuclear modification factor

_ dOpA/de p S
M~ Axdo, [dp, &35, 50

d (p-going)

T L [ e s e g L
p-Pb |\ s\ = 5.02 TeV, u*« c,b decays
2.5<y  <3.54 1

Pb

Forwar
e

Rpr

25F
- ALICE Preliminary
- HF decay

0.5~ —— NLO (MNR) with EPS09 shadowing =

systematic uncertainty on normalization 4
O _I 1 L I 1 1 L I 1 1 1 I 1 1 1 I L L 1 I L L 1 I L 1 1 I 1 L L I 3
0 2 4 6 8 10 12 14 16

P, (GeV/c)

Rpr

. I__'-r‘ -

Backward (Pb-going)

2 g | | [ T

p-Pb |\ s\ = 5.02 TeV, u*« c,b decays
B A<y <-2.96 1
- ALICE Preliminary .

HF decay p _

— — NLO (MNR) with EPS09 shadowing 3
E systematic uncertainty on normalization ]

B IR B e B e

I16
P, (GeV/c)

- R, of HF decay p consistent with unity at forward rapidity (p-going direction)

- R, of HF decay pslightly larger than unity in the range 2 <p.< 4 GeVi/c at
backward rapidity (Pb-going direction)

> Described by MNR pQCD calculations with EPS09 PDF parameterizations of

shadowing (M.Mangano et al., Nucl.Phys.B 373(1992)295; K.Eskola et al., JHEP 04467(2009)065)
- Small cold nuclear matter effects in the measured p_range

25/08/2014
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S p-Pb @ Vs, = 5.02 TeV
~ Muluplicity dependence of HF production

ALICE

D mesons, e.g. D°

= — T T T T T T T T T T T T T
'_ - —
Q 14—  ALICE Preliminar — 2 mult ( mult o, nrmult )
g B pr\S —502T3éV i dN/dyde — Y / XNevent
O 1o D° meson, v ,|<0-5 1l 2 tot ( tot tot trlgger)
\ P
02 - —~1<p. <2GeV/c - <d N/dyde> Y / ><Nevent/
al 10‘_ +2<p <4 GeV/c =l
E B +4<p <8 GeV/c E
il I +8<p <12 GeV/c |
—~ g —=+12<p <24GeVic i
[ o | |
Q E =2
S ef -
S B il
~— — —
()] g 2|
— 4— % o
e § :
2 # —
: * +3.1% ni wn :
- | | 1|3/I . dN/dIn/ dN/dn | Iho:n.'n il
§ 0.4 ;_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity _;
c 02} =
= e
) 0F —p e
o F bt S
- 0.2 b S
(0] = =
QO 04 i i i i i -
m 0 1 2 3 4 5 6

dN,/dn / (N _/dn)

> D-meson self-normalized yields increase with charged particles multiplicity
without a significant p_ dependence (within uncertainties)
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S p-Pb @ Vs, = 5.02 TeV
~ Muluplicity dependence of HF production

ALICE

D mesons, e.g. D° D mesons, e.g. D°
~ i T A e e e e e e e I e e _ /\|_ \ e e T e o e B a ) |
Q 14—~  ALICE Preliminary —| Q14 ALICE Preliminary — muilt ( mult |, ppmult )
S [ pPbys,=502Tev 1 B [ D’mesonly_|<05 | A Nldydpy _ Y /le XN
O 12 D° meson, <05 e 7 TeV p'Pb & pp = <d2N/d d > Ytot/( tothtot / trzgger)
> B <2 GeVic 1 < M g ydpy event
B i <p_<4 GeV/c
Ql 10_ +2<p <4 GeV/c &l o = T S5
S - ——4<p <8GeVic 1 "o 10  pPb,\s, =502TeV .
il - ——8<pl <12GeV/c . e L 2<p_<4 GeV/c ]
= gL ——12<p <24GeVic Ll & i ]
o s e on -
S C g oot 7! ]
© I 7 o I E e Ry RS PR ] eI e, | d
< - -
()] [ | D\ SO RN R - TR S |
z 4 1 % 4 e - =
s - ] B e .
s 2 - # — E [ i e et +7%1-3% (3.1%) in pp (p-Pb) a8
i * +3.1% normalization unc. not shown ] 2 B .-'I'E:" normalization unc. not shown =
I + 3% unc. on dN/dn / < dN/dn > not shown | li - 6% (3%) unc. in pp (p-Pb) i
3 - ! T I 1 e ! B o [ PN A L AN (A I . L e on dN/dn / < dN/dn > not shown  _|
8 0.4 ;_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity = [3) E_zjl : ! Seaw I. ! TR ! LEe= ! l. o I. ! : = =
S 0.2 = c 0.4 E B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity B
= 0ok - 02 E
5| D ———ressssnseTr = E
DL F —— 3
QL -04F . j ‘ ’ ‘ - 3
s I 1 2 3 4 5 6 2
m

dNg/dn / (dN  fam) dN:h/dn / <§Nch/dn>
> D-meson self-normalized yields increase with charged particles multiplicity
without a significant p_ dependence (within uncertainties)

> Similar trend observed in pp and p-Pb collisions
> High-multiplicity pp collisions are mainly from MPIs, while high-multiplicity
pP-Pb collisions are also due to a larger number of binary nucleon-nucleon
collisions
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@ @ rPb@vs, =502Tev
Multiplicity dependent nuclear modification facto
* ALICE

> Investigate a possible multiplicity dependent modification of the p; spectra in
p-Pb wrt pp collisions

Qmult(p ): (dNZ;Il:/de)l
Py ! <Ncoll >1' dep/de

................................................

Events (a.u.)

10000~

aaaaaaaaaaa

> Event classes defined on the basis of the

energy of the Pb-spectator neutrons deposited in
the ZDC (ZN)

F
|
00 100 2 300 400 500 600 7 800 900

- <N_>inaZN energy class obtained by Ay
scaling the minimum-bias value
(dN/d).
N_,)=(N - -1
< coll>1 < coll>MB <dN/dT]>MB ren<
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S ’ p-Pb @ Vs, = 5.02 TeV .
Multiplicity dependent nuclear modification facto %‘%
ALICE
> Investigate a possible multiplicity dependent modification of the pT spectra In
p-Pb wrt pp collisions s P
" [dN™ dp, ), : | S :
Q pPg (pr)= - Wy | -+
<Ncoll> dN de
> Event classes defined on the basis of the
energy of the Pb-spectator neutrons deposited in
the ZDC (ZN) 100 .20;) 300 400 500 600 700 800 900
- <N_>inaZN energy class obtained by et i 1
scaling the minimum-bias value & | ALICEPreliminary o Enery Eventissses |
5. PPb \/7—502 TeV o :
<dN / dn> ER EAverageD D""-0.96 < y__<0.04 :iggg;
<Ncoll>i <Ncol >MB dN/d -1 = i s i
( M) s —1<1<0 - D mesons
1.5 =
> Qppb does not show a multiplicity _ n‘i?‘:': ________ ‘
dependence of the D-meson production ]
in p-Pb relative to pp collisions 05 ]
~ Similar for charged hadrons : AR b ol
0OI I5||III1|0|III1|5|III2|OIIII2‘5|H|30
pT(GeV/c)
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g p-Pb @ Vs, = 5.02 TeV .
Heavy-flavour e - h correlations %%

ALICE

> Study of the angular correlation between an electron from heavy-flavour
hadron decay (trigger particle) and a charged hadron (associated patrticle)

> Search for “double-ridge” structure as observed in the light-flavour sector
Phys. Lett. B 719 (2013)

. i 200 T e
p-Pb, \ s\ = 5.02 TeV,.O 20% (VOA multiplicity class) o | PP \sw=502TeV —e— p-Pb, VOA Multiplicity class: 0 - 20 %
(e from c¢,b)-h correlation S | (e from c,b)-h correlation —=— p-Pb, VOA Multiplicity class: 20 - 60 %
e ey ~ - === p-Pb, VOA Multiplicity class: 60 - 100 %
1.0< pT < 2.0 GeV/c — 1.0<p; <2.0GeVic B Syst. on ped. estimation
0.5 < ph < 2.0 GeV/c S [ Syst. from secondary particles
g T = s

0.5< p'T‘ <2.0 GeVic

< 15

HLICE 3 I~ mMl<0.9, |An| < 1.6
Z
©

pp, \s =7 TeV
———————— pp, stat. uncertainty

S PERFORMANCE
7..\16/10/2013

Zwo_45 Batsin) —_ Global normalization uncertainty = 0.06 rad™
- 2&) L ?ﬁ
n 15 Aerimnis| -
= i +~ ALICE
= L ~— PRELIMINARY
) [& = =T o
Z b
[Nen(An,A0) /N~ 10 - EEe e R e
Same 15 1 1 0 1 2 3 4 5 6
[N an,A9) /N_(0,0)] Ag (rad)

Mixed

- Low-p_ trigger particle (1< p.® <2 GeV/c): enhancement in the near and away

side peaks for the highest multiplicity events (0-20%)
- Intermediate-p_ trigger particle (2< p.* <6 GeV/c): correlation distributions in

all multiplicity classes compatible with each other and with those measured in
pp collisions at Vs = 7 TeV
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p-Pb @ Vs, = 5.02 TeV

Heavy-flavour e - h correlations

(0-20%) - (60-100%)

p-Pb, \s,, = 5.02 TeV
(0-20%) - (60-100%), Multiplicity Classes from VOA
(e from c,b)-h correlation
1.0 < p¢ < 2.0 GeV/c
0.5< pi <2.0GeVic

(1/N) (&N, / dandAe) (rad”)

ALICE

1:-\

gl

©

=

=

PRELIMINARY <
} -

)

o

=

[ p-Pb, | 5 = 5.02 TeV

| (e from c,b)-h correlation

| (0-20%) - (60-100%), Multiplicity Classes from VOA
| 1.0<pS<20GeVic

3.3/ 05<ph<20Gevic

C Il <0.9, a0 <1.6

<

© L

~ | Global normalization uncertainty = 0.022 rad™
=z

©

A EEEReEED
EE
B
+
+
.+.

ALICE

PRELIMINARY

ALICE

> Difference of highest multiplicity event class (0-20%) and lowest multiplicity
event class (60-100%) to remove correlations due to jets

> Double-ridge structure emerges also for HF decay e- h correlations

> Do the responsible mechanisms (CGC, hydrodynamics) affect both light and

heavy flavours?

CGC: Bozek et al., PLB (2013) 1557; Hydro: Dusling et al., PRD87 (2013) 094034

25/08/2014
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ALICE

Results in Pb-Pb collisions @ Vs, = 2.76 TeV

> Study of the interaction of heavy quarks with the medium

25/08/2014 PANIC 2014 - G. Luparello 19



&~ @roroavs, =276Tev

HF nuclear modification factor R,

EEE O e
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1.6 = Q 1.6
B e ]
8 A Heavy flavour decay p+ 0-10% central, 2.5<y<4.0 1 :t( B eAverage DO, D*, D*, 0-7.5%,|y|<0.5
14F Heavy flavour decay e* 0-10% central, |y|<0.6 = oC 1.4 Oifr; i
"I e with pp ref. from scaled cross section at \s = 7 TeV ] B mAverage D°, D", D*, 30-50%,|y|<0.5
o *  with pp ref. from FONLL calculation at \s = 2.76 TeV E 1o Filled markers : pp rescaled reference
’ i ] i . Open markers: pp pT-extrapo|ated reference
) B s { b | I e e e n

T ) :

F
" %%ﬁﬁ@%ﬁ‘@ﬁ%ﬁ% 1

III|III|I!I]lJIlIIIlIIIlIII'III'I

i ] oty 44— |
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\4

Heavy-flavour production is suppressed at high p_in the most central Pb-Pb
collisions with respect to the binary scaled pp collisions
- R ,~ 1 - the suppression is a final state effect due to hot and dense medium
- Similar HF decay e (]y|<0.6) and HF decay p (2.5<y<4.0) R,, in 0-10%
- Also compatible with D-meson R, , (|y|<0.5) in 0-7.5% considering the semileptonic decay
kinematics (p,°~ 0.5 p,® at high p.)
- Open heavy-flavour production is affected by partonic energy loss in the
most central Pb-Pb collisions
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R, of electrons from beauty-hadron decays

2.5

<
<
[

p .S

=
o

Pb-Pb, \ s, =2.76 TeV, 0-20% centrality ]

—4—Db(—>c)—>ey|<0.8

[ syst. uncertainty
nomalization uncertainty

oIIII
[y

A\

A4

A4

\4

central Pb-Pb collisions

P, (GeV/c)

ALICE

R,, of electrons from beauty hadron decays in 0-20% central Pb-Pb collisions

Analysis based on the study of the electron impact parameter distribution
First measurement indicates R,, < 1 for p_ > 3 GeV/c

Hint for a suppression of beauty decay electrons with p_> 3 GeVic in

25/08/2014

PANIC 2014 - G. Luparello
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&~ @roroavs, =276Tev .
R,, mass hierarchy: comparison with Tt %

| : | ALICE
Expected: AE, > AE, >AE, SAE, .~ R,,()<R,,(D)<R,,B)

luons light

i 2_IIII[III'I]II11|I1\I|III\|IIIIIIII|III[_

<
< f ] T
C 1gf Pb-Pb, \ s\, = 2.76 TeV - OC 1.4~ Pb-Pb, | s = 2.76 TeV

. ALICE
ALICE | | Average DO,D+,D +’ |y|<05 PRELIMINARY

PRELIMINARY -1

1.6 =i 1.2 L | | Correlated systematic uncertainties

—\I\I|\III|IIII|IIII|II|\|\II\|¥III|IIII—

- 0 + "+ o R
E OA\_rerage D", D", D "|y<0.5, 0-7.5% ] [ Uncorrelated systematic uncertainties
1.4 owith pp pT-extrapolated reference -

- = Charged particles, i|<0.8, 0-10% L T e O T Ty &

III|II]|I

1.21= , Charged pions, |n|<0.8, 0-10% = B=p <6 Giev/c
1 ] 0.8 =
0.8 - 06— |1 -
8 | o ]
0.6f E | ]
: i 0.4 H ﬂ -
0.4 fty - i =18 i
02 = 0-2:_ _ o @ _
0 :I L1 1 ‘ L1 11 | L1 11 | L1 11 | L1 1 1 | L1 11 | L1 1 1 | L1 1l I_ :‘ | ‘”I Centrality > ‘Q ST | L L L1 | S =) I:

0 > 10 15 20 25 30 35 40 Q% 50 100 150 200 250 300 350 400
P, (GeV/c) (N, weighted with N__ )

- D-meson and 1t R,, compatible within uncertainties

- Measurement not yet conclusive
- In agreement with models including AE > AE, > AE

ns light charm

- Different shapes of the parton p_ distributions

. . . . M.Djordjevic, arXiv:1307.4098
Different fragmentatlon functions Wicks, Horowitz, Djordjevic, Nucl. Phys. A

- Soft production mechanism for low-p_Tt 872 (2011) 265
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&~ @roroavs, =276Tev
Comparison with non-prompt J/y

_ / \ ALICE
EXpeCted. AEgluons > AElight > AEcharm >AEbeauty - RAA(T[) <\RAA(D) < RAA(B) )
53'4;”" T Alce reiminay omesons 1 = ALICE prompt D-meson R,, compared with
I 8<pT<16 GeVle, |y|<0.5 | . . .
1.2— [ Correlated systematic uncertainties  — non-prompt J/l.lJ from CMS ina S|m||ar
i [ Uncorrelated systematic uncertainties ] klnematIC range (<p S ~1O GeV/C Sllghtly
- T )
T 0 s Preliminary Nonprompt o | different rapidity)
E 6. 5<p <30 GeV/c, |y|<1.2 4 = - .
0.8_— :lSystematic uncertainties ] = Indlca’tlon Of RAA(D) < RAA(‘JI"I" « B) In
B cusersin-zot 1 central Pb-Pb collisions
0.6 IH &
B H i i
0.4:— *‘ B —:
0.2—— _:
- Pb-Pb, \ s\, =2.76 TeV =
O_I | L8 | =] 2a =] I ] =i | I ) | 15 Y (R | Jiss] s | { S | I | I—

0 50 100 150 200 250 300 350 400

( Npart weighted with Nco”>

> @

@)

Centrality
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Comparison with non-prompt J/y

ALICE

Expected: AEy,,, > AEy, > AL, >AE,, ~ R,(M) <R, (D) <R,(B)

ns light charm beauty

m:((1.4_llll|llll|IIIIIIIII|IIII|IIII|IIII|IIII_ > ALICE promptD_meSOnRAACOmparedWith
- Pb-Pb, \ sy =2.76 TeV D mesons ] ; .
1.2 o aLcEPrimnayDmesons | NON-prompt J/Y from CMS in a similar
B Cormmeagemmemeerares 1 KiNeMatic range (<p,> ~10 GeV/c, slightly
B [ Uncorrelated systematic uncertainties . L.
e g ".‘."‘gia;gie‘&i‘é‘E‘b‘r{-‘r;r‘ar‘ﬁbf‘j‘;ip‘iéié;‘b‘T‘;“sEé‘e‘v‘/‘éil“")‘ different rapidity)
ENa s jordjevic Non-prompt with ¢ quark energy loss) Z - - -
08_ Il . D}ord}evicDmeF;onsp(B <\':>T<16 quV/c) o i Indlcatlon Of RAA(D) < RAA(JI"IJ «— B) 18]
o m 1 central Pb-Pb collisions
0.6} i .
oal T L E.__‘\ consequence of mass difference in pQCD based
i """"""""""""""""""""" 1 _model calculation (Djordjevic, arXiv:1307.4098)
0.2:— i
I~ [_] Systematic uncertainties CMS-PAS-HIN-12-014 B . .
0_1|||||||||||||||||||||||||||||||||||||1_>pQCDmOdEISInCIUdIngmass-dependent

0 50 100 150 200 250 300 350 400 . - -
(N weighted wit N,y Fadiative and collisional energy loss

predict a difference between the D-

> - -
<D Centrality D meson and non-prompt J/y similar to
that observed
BAMPS: J.Phys.G38(2011)124152, - Similar pattern from other calculations (e.g.
WHDG: J.Phys.G38(2011)124114, BAMPS. WHDG. Vitev of al
Vitev et al., Phys.Rev.C80(2009)054902 , , Vitev et al.)
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Azimuthal anisotropy

Semi-central collisions

0 2 4 6 8 10 12 14
pT(GeV/C)

dN N,
E=2;;(l+2v cos(p—W,.)H2v, cos[2(gp—W .. ) ]H...)
e T U B e i e i L TR PRL111(2013)102301 arX|v14052001
[ ALICE Preliminary s, RN R N : ' : ' el
- y . | ALICE Pb- Pb \sNN =276 TeV |
—e— Heavy-flavour decay e”, v,{EP, |An| > 0.9}, |y| < 0.7
] Centrality 30-50% i
—=- Heavy-flavour decay p*, v,{2}, 26 <y <4 Aﬁi
03p Pb-Pb, (5, =276TeV 1 (.2l ﬁ*
. 20-40% Centrality Class
B2 Bi o o )
: III D mesons o
0.1F 1L it ikl g o e .
- | i |—‘:| L o
jhr = ' T I [ S— ¢ Charged particles, v,{EP,|An>2}
/B et o e i e &1 = Prompt D°,D%, D* average, |y|<0.8, V,{EP} 7
E i " [__] Syst. from data b
- HF decay e H 1 -0.2 =[] Syst. from B feed-down e
_I | [ I | ) (N | | S (S | 11 | | el EOR | I | B | I | B I_ 1 | 1 | 1 | 1 | 1 | 1 I 1 | 1 ] |
-0.1 0 2 4 6 8 10 12 14 16 18

- Positive open heavy-flavour v, in Pb-Pb semi-central collisions

A4

Y

A4

A4

25/08/2014

HF decay electrons, >30 effect for 2 < p_< 3 GeV/c

Similar v, values for HF decay y and HF decay e in different rapidity regions
D mesons, 5.70 effect for 2 < p_ <6 GeV/c
Open heavy-flavour v, is similar to that of charged particles
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Azimuthal anisotropy: centrality dependence

& ro-Pb @ Vs, = 2.76 Tev

PRL 111(2013)102301, arXiv:1405.2001
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ALICE

> Hints of centrality
dependence: v, increases

from central to semi-central
collisions

~ Similar to charged hadrons

HF decay e

.
o
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& ro-Pb @ Vs, = 2.76 Tev

Comparisons with models

i,

c

25/08/2014

ALICE
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compared to theory can constrain the energy loss models

- Results from different observables (p, spectra, R,,, azimuthal anisotropy)

- The simultaneous description of open heavy-flavour R, and v, is challenging

TAMU elastic: arXiv:1401.3817; Djordjevic: arXiv:1307.4098; Cao, Qin, Bass: PRC 88 (2013) 044907;

: Nucl. Phys. A 872 (2011) 265; MC@sHQ+EPOS: PRC 89 (2014) 014905;

Vitev, rad+dissoc: PRC 80 (2009) 054902; POWLANG: JPG 38 (2011) 124144; BAMPS: PLB 717 (2012) 430
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Conclusions

pp collisions ALICE

> Open heavy-flavour production is well described by pQCD calculations

> D-meson yields increase with charged-particle multiplicity: the pp trend suggests that MPI
affect hard momentum scale relevant for heavy-flavour production

p-Pb collisions

> Indication of small cold nuclear matter effects (R,s,~ 1 in the measured p; range at mid and
forward rapidity and at p;> 4 GeV/c at backward rapidity)

> Data described within uncertainties by different models including initial-state effects

> No multiplicity dependent modification of the p; distribution of D mesons in p-Pb collisions
with respect to the binary scaled pp collisions is observed

> Double-ridge structure observed in HF e- h correlations. Same origin as for light flavours?

Pb-Pb collisions

> Heavy-flavour production is suppressed at high p; in the most central Pb-Pb collisions with
respect to the binary scaled pp collisions

> The suppression is due to final-state effects due to parton energy loss in the medium

> Consistent with expected mass ordering

> V,> 0 suggests that charm guarks participate in the system collective motion

Further progresses require more statistics

> Higher statistics at higher energies expected for Run 2 (beyond 2015)

> ALICE Upgrade (2018): faster readout and improved tracking and vertexing resolution.
High precision measurements of R,, and v, for several HF species and HF baryons will

become accessible in Pb-Pb collisions
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Back up slides
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Electron identification

Y - - T & 2000~
. 7.3-)(1 { cellskr E 1800 i 20-40% central Pb-Pb, \ s, = 2.76 TeV
= required: fto Ll <35 1M 100 - 15<p <2 GeVic
35 . 1600 T
o g ALICE
w 1400/ PERFORMANCE
S 3 —»— electrons k 05/07/2013
O 0 1200[— +
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~ 1000
~ s + 3

' 102 4
-é E 800 .

: .
| 600— .
© : =
(@] 10 400':.‘ £ -
& W " o e == “”"t:"’.‘ .
e o iy r '.. :
20-40% Pb-Pb, Snn = 2.76 TeV, n|<0.8 bl i .

=== I I - 1 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
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p (GeV/c)

1 10

e |dentification with TPC, TOF and EMCAL

 Background subtraction methods

— MC cocktail of relevant background sources: Photon conversions, Dalitz
decay of 110 and n and light mesons, non-photonic sources

- e+e- invariant mass method: Dalitz decay and photon conversion
measured via invariant mass selection and subtracted statistically

25/08/2014
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D meson reconstruction %%

ALICE

pointing angle ©__

> Invariant mass analysis based on
displaced secondary vertices,
selected with topological cuts

and PID in TPC and TOF : M

-

0
Mo & ia A
> flight line—, __ - - - D reconstructed momentum

iy

secondary vertex
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Muon reconstruction %

ALICE
« Muons defined as matched tracks with tracklet in the trigger

chambers

e Cutpvs. DCA - reject tracks from beam-gas interactions

e Subtraction of background from primary 1+ and K+ decays.
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HF cross section at Vs=2.76 TeV %

ALICE

* p-differential cross section in all channels

4+
D mesons (e.g. D™) HF decay u HF decay e
JHEP 1207(2012)191 PRL 109(2012)112301 ArXiv:1405.4117v1
TR 103 RIS PR R USRS R R A LT N = iy R |l e e g S R Mgt i =1 81 “\ = N
S - . ALICE 1 S of ALICE pp 1s=2.76 TeV, p*HF in 2.5<y<4  10°F L R T
q_) B D", pp1s=276TeV,L =1.1nb o 107 > i ; e ]
©) 2l B 1 S e —— data 3 8 107}
g L % E g 107 N [ ] u*<HF, FONLL = 104k . gzt;LL
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- 3 510 S
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E [JFONLL 3 F p ST 2 >
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« pPQCD-based calculations (FONLL, GM-VENS, k_ factorization) compatible with data T

 HF decay pu cross section used as reference for Pb-Pb at the same energy

« For other channels a Vs extrapolations based on pQCD calculations is used
R.Averbeck et al.,arXiv:1107.3243

FONLL:JHEP1210(2012)137; GM--VFNS: Eur.Phys.JC72(2012); k. factorization: arXiv:1301.3033
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Beauty hadron decay electrons

ALICE

 EXxploit long lifetime of beauty hadrons (ct ~ 500 um)

— Electrons from beauty hadrons displaced from the primary vertex -> wide
iImpact parameter, d, distribution

* Impact parameter cut to select beauty decay electrons

 Remaining background subtracted via simulations based on
measured 1T and D-meson cross sections

normalized counts
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Qppbin multiplicity classes in p-Pb collisions %

ALICE

ZNA energy Event Classes VOA Multiplicity Event Classes
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Residual bias when using the VZERO detector
to define the multiplicity classes
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Multiplicity dependence: comparison with Pb-Pb .
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- Trend reflects evolution of N_ and R, with centrality

« Caveat: comparing pp with Pb-Pb collisions: highest multiplicity bin corresponds
to 10% of the total cross section in Pb-Pb but only 1% in pp collisions
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Multiplicity dependence: comparison with J/psi %
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Similar increase of the relative J/{ (inclusive) and D-meson (prompt) yields with the
relative charged-particle multiplicity in pp collisions, whereas in p-Pb collisions D-meson
relative yields increase faster than the J/\ ones.
- Caveat: different rapidity and p_ intervals in these measurements.

« High-multiplicity pp collisions are mainly from MPIs, while high-multiplicity p-Pb
collisions are also due to a larger number of binary collisions.
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Heavy-flavour e - h correlations
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D meson R,, compared with 1t (and models) .
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D meson R,, compared with non-prompt J/{ %
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v' BAMPS: collisional energy loss
in an expanding medium.

v WHDG: collisional and radiative
energy loss in an anisotropic
medium.

¥’ Vitev et al.: radiative energy loss
+ D meson in-medium formation
and dissociation.

% BAMPS: JPG 38 (2011)124152
% WHDG: Nucl. Phys. A 784 (2007) 426
& Vitev et al.: PRC 80 (2009) 054902
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