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Why Open Heavy Flavours (HF)

In Pb-Pb collisions

Powerful probes to study the Quark-Gluon Plasma in heavy-ion collisions:
* Large masses (m =1.5 GeV/c?, m, = 5 GeV/c?) in high virtuality processes (Q >2m_,,)
— produced in the early stages of the collision

* Flavour is conserved in strong interactions
— Heavy quarks experience the whole evolution of the medium,

interacting with its constituents
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In Pb-Pb collisions

Powerful probes to study the Quark-Gluon Plasma in heavy-ion collisions:

* Large masses (m =1.5 GeV/c?, m, = 5 GeV/c?) in high virtuality processes (Q >2m_,,)
— produced in the early stages of the collision

* Flavour is conserved in strong interactions
— Heavy quarks experience the whole evolution of the medium,
interacting with its constituents

* In pp collisions

e Reference for p-Pb and Pb-Pb collisions
e Test of perturbative QCD (pQCD) calculation predictions at the
highest collision energies
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Powerful probes to study the Quark-Gluon Plasma in heavy-ion collisions:
* Large masses (m =1.5 GeV/c?, m, = 5 GeV/c?) in high virtuality processes (Q > 2m,)
— produced in the early stages of the collision

* Flavour is conserved in strong interactions
— Heavy quarks experience the whole evolution of the medium,
interacting with its constituents

* In pp collisions

e Reference for p-Pb and Pb-Pb collisions
e Test of perturbative QCD (pQCD) calculation predictions at the
highest collision energies

* In p-Pb collisions

» Reference for Pb-Pb collisions
e Study cold nuclear matter (CNM) effects:
» Modification of Parton Distribution Functions, gluon  KJ.Eskola etal., JHEP 0904(2009)65
|.Vitev at al., PRC 75(2007)064906

saturation atlow x _  Z.Phys.C21(1983)155
* Energy loss in the initial and final state of the collisions

* k;broadening
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HF multiplicity studies

ALICE

What can we learn?

e Study the interplay between hard and soft mechanisms in particle production
* Investigate the contribution of Multiple-Parton Interactions (MPI)

* Insights into CNM effects in p-Pb collisions Phys.Rev.D36(1987)2019
. L. Nucl.Phys.Proc.Suppl.214(2011)181-184
* Explore the dependence of HF production on the collision geometry

and/or multiplicity density of final-state particles
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HF multiplicity studies

ALICE

What can we learn?

e Study the interplay between hard and soft mechanisms in particle production

* Investigate the contribution of Multiple-Parton Interactions (MPI)
* Insights into CNM effects in p-Pb collisions Phys.Rev.D36(1987)2019

. L Nucl.Phys.Proc.Suppl.214(2011)181-184
* Explore the dependence of HF production on the collision geometry

and/or multiplicity density of final-state particles

HF azimuthal correlations studies

 In pp collisions
* Allow to investigate heavy-flavour quark fragmentation.
* Provide a reference for the measurements in p-Pb and Pb-Pb collisions.

e o -Pb, =5.02 TeV
o In p-Pb COII's’OnS '()0-20°2)s:"(|60-100%i Multiplicity Classes from VOA

e Study possible modifications of heavy-quark (a)
fragmentation, due to initial-state effects
(e.g. CGC) or finale-state effects
(e.g. hydrodynamics).

e Search for long-range ridge-like structures
(double ridge) in the heavy-flavour sector, 9
already observed in hadron-hadron

correlations.
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ALICE detector

ALICE: dedicated heavy-ion detector at the LHC, with excellent PID capabilities and very low p;
reach (~100 MeV/c). Optimized to work in high track density environment (Pb-Pb collisions)
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ALICE detector

ALICE: dedicated heavy-ion detector at the LHC, with excellent PID capabilities and very low p;
reach (~100 MeV/c). Optimized to work in high track density environment (Pb-Pb collisions)

TOF: e/t/K/p PID o —

Chambers
un . EMCal: e trigger + PID
VOA (2.8 < n<5.1) and e

Dlpole
Magnet

VOC (3.7 < n< -1.7):

r f!"x

Forward muon arm: trackmg + trlgger
g -4.0<n<-2.5

ITS vertexmg+trackmg . 14
InI<09 'lv . 2 d === =

\

:\ o| Data sample:

« pp collisions @ /s = 7 TeV
~3x10% Min. Bias events collected in 2010, L, , = 5 nb!

« pp collisions @ /s = 2.76 TeV
~50x10°® Min. Bias events collected in 2011, L, = 0.9 nb!

i : p-Pb collisions @ /sy = 5.02 TeV
(L3 Magnet w F o ~ 108 Min.Bias events collected in 2013, L;,, =50 ub™
\——=TTPC e w l_" 7
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Open HF measurements
With ALICE Central Barrel

- Open charm from hadronic decays at central rapidity
D% - K'mt* (ct =123 um, BR =3.88 + 0.05 %)
D* —> Km'n*(ct =312 um, BR=9.13 + 0.19%)
D** — DOnt* (strong decay , BR = 67.7 0.5 %)
D, = ¢(—> KK*)m* (ct = 150 pm, BR = 2.28 £ 0.12)
A.* — pKTt* (ct = 60 um, BR = 6.84 71035
At — pK%(ct = 60 pm, BR = 1.1 £ 0.1)

- Reconstruction of secondary vertex, displaced from

pointing ang
pointing angle BW”I

S

0
\D reconstructed momentum

K Dightine., .-~

~ .
primary yericx secondary vertex

the primary vertex by few hundred pm.
- Candidates selected applying topological selections and PID
- Correction for beauty feed-down (based on FONLL) to extract results for prompt D

mesons and A ALICE, JHEP 1201 (2012) 128
NU AR RAARE LA ' T ™o _'”I”"I"‘I'
Q 220F 1<p<2 GeVic ; 0 .|. 4<p<5 GeVe ] O 12<p<16GeWc
> ook | 5=k D ]3> ]
w3 ppAS = 7TeVL s’y 2 2 5o-pp at 7 TeV ]
% 160F D' K'n'm* ; g 200; ‘S na b
o 140 1 o | o
£ 120 £ 150 £ b ]
L 100f G moop
80; 100f ol
BOF ] ! [
sk u=1.869+0.002 E sob u=1.869+0.001 A ok * u=1.878+0.005 3
: 0=0,009+0.002 ] i 6=0.012+0,001 ] ; 0=0.022+0.005 ]
20F S(+30)= 122+23 ': . (+35) 51s+3s ] L S(+30)=89+20
|||||||||||||||||||||||||||| alosealosials
O 7175 T8 18 18 195 2 205 G17175 18T 19% 2 0171?51818519 195 2 205
lavariant Mass (Knr) (GeV/c?) Invariant Mass (Knr) (GeV/c?) Invariant Mass (Kxr) (GeVi/c?)
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Open HF measurem

Still with ALICE Central Barrel

* Open heavy-flavour (charm and beauty) from semi-
leptonic decays
C, B, A\, > e + anything
e Electron identification using TPC, TOF and EMCal PID
* Background (mainly m® and n Dalitz decays, photon
conversions) subtracted with invariant mass (e*e’)
and/or cocktail methods

* Also measurements of beauty decay electrons,

separating contrlbutlon from c and from b

E, Physics Letters B 738 §2014§

ALICE Physics Letters B 721

With ALICE Muon Arm

* Open heavy-flavour (charm and beauty) from
semi-leptonic decays
C, B, A, > p + anything
* Muon identification using muon spectrometer
e Background (mainly it,K) subtracted with MC
simulations (in pp collisions) and data-tuned MC
cocktail (in p-Pb, Pb-Pb collisions)

2013
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Cross sectlons
v pp and p-PO
collistons
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Cross sections in pp collisions

< < < ALICE, JHEP 1201 (2012) 128
3 3
;105""“'I"“ T T3 >10§""“""“I"“I“"§ ;1035“"\""\""1“"\““§
1 , ALICE ] 1] E ALICE ] L F ALICE 7
O .l D’ ppis=7TeV,L =5nb" O L.l D' ppis=7TeV, L, =5nb" 7 O D'.ppis=7TeV,L_=5nb" |
~ 10 E ~ 10 E ~— n 3
g DO g ¥ g *y
~ 0= ~— 10k D - ~— D -
w o E at?7 TeV wo ] 1 E
s PP ¢ ppat7TevV] § %, Ppat7TeV:
= 1= i E s 1E E > A =
stat, unc. 7”7 — - stat -
& 107 e 4 & ko= =1 4 & ok Ow = 4
o) E OJronL E| o E [Oronw 3 o E [ClronwL E
g  [CJamvens ~ E Oemvens % ] S~ r [CJomvens _ 7]
_8 102 g_t.sﬁ%lumi,iwE%BRncrm.unc.(notshuwn] —g _8 10,25_35/|m ‘21/ BRn Dm‘ (otshnwln] I _g _8 10,2: 3.5% lumi, £ 1.5% BR norm. unc. {not shown) . ‘ =
;= -
fu! £ — o 25— — o
SE 1%:: :: SE |§:: = (-;E
e = 2 s
B e 3 g = 3 g
% 0 ] % mem———
% 20 ] % 5 10 15 20 25
p+(GeV/c) p+(GeV/c)

ALICE, Phys.Lett. B718 (2012) 279-294

\03 T T E|
D + D:, pp \s =7 TeV, L _4AEIs_|CbE E
ek ~s ppat7TeV
g | omerne * p;-differential cross sections reproduced within uncertainties
: e r:‘LOleact.

-
(=}
TTTT

EuE by theoretical predictions based on pQCD:

-
11

Data / Theory dG/de | |y|<0.5 (}J.b/GEV/C)

roadil FONLL, GM-VFNS, k.-factorization approach
oL T === ] CERN-PH-TH/2011-227
+ 3.5% lumi, + 5.3% BR norm. unc. (not shown) i Eur.Phys.JC72(2012) 2082
“E SRR = EPJ Web Conf. 37 (2012) 06008
R =L Similar trend at /s = 2.76 TeV ALICE, JHEP 1207 (2012) 191
pT(GeV/C)
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Cross sections in pp collisions

ALICE, Phys. Rev. D 91 (2015) 012001 ALICE, Phys. Lett. B 738 (2014) 9 ALICE, Phys. Rev. Lett.109.112301
- Tt AlcEe e ER ALICEpp. \s=276TeV | 3 8; ALICE pp 5=2.76 TeV, u “HF in 25<y<4 ]
%1045 — — GM-VFNS¢ b —>e - % b(—>c)—>e 810 ESS \ Edt
= Exh e ko-factorizationc.b —e 3 (5 3 F ala 7
ok 13 -c;gtiu RIS [ it HF, FONLL -
‘Em{é H F(C+b)9e E %\F - k; factorization | :g_ 65 ______ N — —- w¥<charm, FONLL
0 g PP at2.76 TeV - s o - GM-VFNS }10 G, — u*beauty, FONLL E
Ttk g © 0 HF(b)ee ~~~~ R 105; IR ]
o7 g 10'7?' pp at 2.76 TeV i I R
1o7E === | S 10-8 r 1.9% normalization uncertainty not shown N *‘3. 4l 7H F(c+b)é ﬂsi‘ ,&- = __
E pp.\s=276TeV, |y|<0.8 k= o b — 8 107 E B R =
108 ; additional 1.9% normalization uncerta‘\nt)lf g o5 £ FONLL E pp at 2 76 Tev ) ‘-.’ = =
= 3f £ 2 E E 3| R
8 25F S 15¢ e TS
8 1.§§ 3 0'51 - ¥ F - \\'ﬁ%ﬁé
g5 X (L =19 =
0.5 > - izati 3 3 E
= of g8 23t (0 dk; factorization ' : = 1.9% normalization uncertainty not included
£ 23 5 18 ﬂﬂm S i S S|
g 1ok B ool ey J 25 3
o.sE - 3 ‘ N I ‘ ‘ Z 3 ﬁ;@a Eﬂ X
%"‘ 3E E E.g (d) GM-VFNS 8 1.5; Eﬁf
2250 SR R =
= L2 b 1 d = 0.5F
3 1'51 bl S 05 ! _g AE e
0-50_ E3 7 6 8 10 1z OO 2 4 6 8 10
P, (GeVrc) IDt (GGV/C)

* p;-differential cross sections reproduced within uncertainties
by theoretical predictions based on pQCD:

FONLL, GM-VFNS, k.-factorization approach ~ CERN-PH-TH/2011-227
Eur.Phys. JC72(2012) 2082

EPJ Web Conf. 37 (2012) 06008
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D° cross section down to p; =0 in pp collisions

—_

do/(dp_dy) (ub GeV' ¢

new arXiv:1605.07569

‘I()az'llll\\\llll\\Illllll\\‘llll\\\E
- ALICE pp, \s=7 TeV ]
- DO * : . :
102 g ppat7TevV | Analysis method without selection on
- & Prompt D, |y|<0.5 | secondary vertex displacement, based on PID
- % —— withvertexing 1 and subtraction of combinatorial background.
10E @ T wiovertexing Results in good agreement with the analysis
- s i with decay-vertex reconstruction.
1= . . ¢ =
- with vertexing .
- without vertexing .
| +3.5% lumi, £ 1.3% BR uncertainty not shown _ECE_7 3 T T TrTTT L R
10—1||||\\\||||\\\|||||||\\\||||\\\| j_ g—.—ALICE(tolalunc_) _,-7
0 2 4 6 8 10 12 14 10 T A e ﬁ, E
pT (GeV/C) © E [ ATLAS extr. unc. $’ E
L —=f=— LHCb (total unc.) i
tDo . L J% STAR B
ag;?;‘.}zv /dy = 518+43(stat.)*>7  (syst.)+18(lumi.}+7(BR) pb. (oL AT .
total charm production i |
. . 5| [] HERA-B (pA) N
9 cross section updated with 10°E W eoso o)
. . E V' E743 (pA) ]
smaller uncertainties v onazTem
B 4 NA16 (pA)
10 Y O E769 (pA) —
:l O 'I LS ) L 0l -
10 107 10° 10*
Vs (GeV)
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ALICE

DO cross section down to p; =0 in p-Pb collisions

new arXiv:1605.07569

"G 1055[ T l T | T T [ T 1 T T N T T l T T [E /G 105 :7[\ T | TTT I TTT ‘ L ‘ TTT [ TT1T | TTT I TTT ‘ T 1T ‘ TTT [ TTT I TT IL:

s - ALICE p-Pb, |5=5.02 TeV - % : LICE p-Pb, 5y=5.02 TeV 3

S | aiip o, #Hm ]

= % L p-Pb at 5.02 TeV 1 =1 0 = Prompt D°, -0.96<y  <0.04 3

~ 41— ] = - cms .

> 10 E & D% -0.96<y <0.04 - ~ B @W —— with vertexing ]
'O._ L @: cms ] 'O'_ 3 y ,

o r —e— Inclusive - Q 10°= £ —*— w/o vertexing =

S 1T T & -

= - & —=— Prompt J = B ]

wf_i, LT — — i

10° = C e E

- == g : E

-inclusive S T 1 C . |

‘prompt . 10= with vertexing - -

2| | - without vertexing ]

0 -+ 37%lumi, * 1.3% BR uncertainty not shown . | +3.7% lumi, + 1.3% BR uncertainty not shown B

T B e TPy 1:\\|III|III‘\\\‘\II‘\\I|IIJ|II\‘\\\‘IIL‘\IIII\It

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18 20 22 24

p; (GeVic) p_ (GeV/c)

* Measurement of inclusive (no B feed-down subtraction) and prompt D°® meson
e Results in good agreement with the analysis with decay-vertex reconstruction.

rompt D° 71 .
G:—Pb,g.OZT oy/dY = 79.0£7.3(stat.) 11, (syst. )+2.9(lumi.)£1.0(BR) mb.

R
O b 02Tev/dy = 83.047.9(stat.) £7.2(syst.) £ 3.1(lumi.}+1.1(BR) mb.
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ALICE

Nuclear wodification factor
LA p-—Plo collistons

__dopa/dpr

Ry
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R.p, down to p; = 0 in p-Pb collisions

ALICE
doPromPtD /g, new arXiv:1605.07569
R _ pPb
pPb AxdoPrompt D/de
pp
& [ T T T T | T T T T | T T T T | T T T | T T T T ‘ T T ] f L 1 T 71 I T 1 1 1 1 T | 1 T 7T | T T T 1 | T T ]
o 1 6:_AFICE p-Pb, |s\=5.02 TeV el 1 6Z_ALICE P-Pb, {s=5.02 TeV
E : Prompt D mesons, -0.96<y_ <0.04 E E Prompt D mesons, -0.96<y _ <0.04 E
1.4 —=— Average D°, D", D ] 1.4 —s=— Average D°, D", D" ]
I ] | —— D’ ’
1 :-" E 1 u AT E
0.8[iifiL - 0.8} .
H DO D+ D** ] : ]
0.6 . . - 7 0.6 ]
i ] F . i
g Models including only CNM - ! Models with small QGP 1
0.4[- ---- CGC (Fuji-Watanabe) ] 0.4 —
" == pQCD NLO (MNR) with CTEQ6M+EPS09 PDF [ Duke -
0.2 [ =imm Vitev et al.: power corr. + kT broad + CNM Eloss _| 0.2~ — + POWLANG (HTL) —
C Kang et al.: incoherent multiple scattering ] oo POWLANG (IQCD) .
I B B T T A AR B B A R B Covv v v v v b v v by v by Ly 1
00 5 10 15 20 25 00 5 10 15 20 25
p. (GeVic) p, (GeV/c)

* R,p, cOmpatible with unity for p; > 2 GeV/c within uncertainties
* Results described within uncertainties by models including initial-state effects
* Results described also by models including final-state effects due to the presence of

H H H. Fuji et al., Nucl Phys A920 (2013) 78
deconflned mEdlum M. Mangano et al., Nucl. Phys. B373 (1992) 295

* Data disfavour suppression larger than 20% at high p; \K/;J- Eskolla e;hah FJ{HEpcoggé(lz(ggg%gjgo
itev et al., Phys. Rev.
Z.-B. Kang et al., Phys. Lett.B740 (2015)23

) ) ) Y. Xu et al., arXiv:1510.07520
29/06/2016 / Elisaw Meninno- (University of Salerno-and INFN) for the ALICE Collabovationw A. Beraudo et al., JHEP 03 (2016) 123 14
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dependence of the
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Multiplicity dependence in pp collisions

ALICE JHEP 09 (2015) 148

— L B B B B B L B o 4T -
o C ALICE, pp \s =7 TeV a § o ALICE pp \s = 7 TeV .
S 325 Average D°D*, D** meson, |y|<0.5 - & 35  Average D°.D’, D*" meson, ly|<0.5 =
© - = 1<p < 2GeVic ] < - - 1<p < 2GeV/c .
= - . 2<p < 4 GeV/e - v, 3 - 4<p_< 8GeV/c —]
N5 20— & 4<p < 8GeV/c ] Q - -~ 8<p < 12GeV/c .
~ R 8<p < 12 GeV/c - c\\‘lf 2 5 —a— 12<p < 20 GeV/c .
—~ = 12<p < 20 GeV/e ] = 3
o 150 . =~ aF E
o] - — Q C ]
= C ] 4 - ]
2 10— Ig-l - o 1.5 IQ‘ —
= — = ¥ 4 :
g e B I T NN R E— E
C g ] o 0.5 —
7 N . I.* I e I:SG/Q/ :i;lcn{;rnrn{ali\z[adtr];]nxlégicv gg&ﬂxg:own - go 5 e !+I6I/I |.:n;: Icm (d‘N!/dn)f(d,'?rfdn) nUt!shown .E
§ 0.4— B fraction hypothesis: x 1/2 (2) at low [high) multiplicity = 5 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
c 02 3 c 0.2 =
= B = F i e e
S 0 = ] 0::*:@—?”‘_:“‘;1‘ e
B e B — 8021 =
= 04 = m 04F J , 3
0 1T 2 73 4 5 6 7T &8 9 0 1 2 3 4 s e 7 8 9
(AN, /dn) 7 AN /) (dN/cm) / (N /)
ch c
2 mult mult mult
d N/dyde _ Y /(E X Nevent
2 ~ ytot tot tot trigger
<d N/dyde > Y /(E X Nevent/E 88 )

* The relative D-meson yields increase with the charged-particle multiplicity.
Faster-than-linear increase at large multiplicities
e Yield increase independent of transverse momentum within the uncertainties.
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Multiplicity dependence in pp collisions

ALICE, JHEP 09 (2015) 148

~ T R LR AR R E AR AR RRRREE D £ o o A
S o5l AUCOE pp \s =7 TeV . i~y - ALICE, pp \s =7 TeV ]
— + *+ - — —
% - ﬁ\verage IQDGDWD meson, |y|<0.5 - % 6 D° meson, ly|<0.5 —
> - 2252 4 Gov/e 1 = - = 2<p;< 4GeVic .
G 20— & 4<p < 8 GeV/c -] o 5 %+ 4<p < 8GeVic —
~= L —— 8« p < 12 GeV/c B ~ N e ge ]
= 12<p < 20 GeVie 1 =~ 4 forward rapidity P
— - — B B
g " 4 1§ | A
S mid rapidity | = 3 & 5 =
= - — S - ]
= 10 g 1 3 F -
B T g 2 e =
S $ 4 T f s -
: *""'“ +B%:/-3% normalization unc. not shown : 1; ,éd—? +B%/-3% normalization unc. not shown 7:
S r" | | |+ & Unlc on {dnfdn) / (ahifcm nm\smwn ] - + 3% unc. on Nyo ! N b not shown —
§ 0.4 Bfracllonhypothesm>(1?2(2)atlow(hlgh)mulllp\lcny — 5] 04—;"’"_"[-""1""I'“'lH"“""""'""""L
p E E g YUAE B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E
g ] c o2 E
k=] - = T ——— e
& o F 0 RS e e e ] B O mpmizimooooo T 1
,8’: j g —0.2; Bl e S —
as} . L s . . = -~ E =
0 1 2 3 4 5 6 7 8 9 o 04, ‘ . . ‘ . . .
(chh/dn) / (dNCh/d.n) 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

e Similar increasing trend of D-meson yield with multiplicity when an n gap is introduced
between the regions where the D mesons and the multiplicity are measured

increase not related to the fact that charmed mesons, originating from the
9 fragmentation of charm quarks, and charged-particle multiplicity are measured
in the same pseudo-rapidity range.
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Comparison with models in pp collisions
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Different models used:

PYTHIA calculations, including contribution
from MPI

Percolation models, estimates of the
influence of the colour-charge exchanges
during the interactions

EPOS3 event generator, providing description
of initial conditions followed by
hydrodynamical evolution.

PYTHIA event generator seems to
under-estimate the increase of heavy-
flavour yields with the charged-particle
multiplicity at high multiplicities.

ALICE

new arXiv:1602.07240

Results qualitatively described by models
including MPIs

17



Multiplicity dependence in p-Pb collisions

ALICE

new arXiv:1602.07240
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* Increase of D-meson yields with charged-particle multiplicity at mid rapidity
* slightly faster-than-linear increase at large multiplicities

* Linear increase of yields with the multiplicity at backward rapidity

* In p-Pb collisions multiple binary nucleon-nucleon collisions also contribute
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Correlations between
D mesons anol
charged particles tn
pp andl p-Pb collistons
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Angular correlations in pp and p-Pb collisions
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Near-side yields and widths in pp and p-Pb collisions

ALICE
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Near-side yields and widths in pp collisions:
Comparison with MC

new arXiv:1605.06963
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Conclusions

ALICE

 Cross sections in pp collisions for D mesons and leptons from heavy-flavour decays
well described by pQCD calculations within uncertainties down to p;= 0 (D?)

* R,p, measurement in p-Pb collisions down to p;=0 (D°)
* compatible with unity within uncertainties
* better described by models including cold nuclear matter effects

* Relative D-meson yields increase with charged-particle multiplicity in pp and p-Pb
collisions

* Models including multiple-parton interactions reproduce pp results.
* In p-Pb collisions, also contributions from multiple nucleon-nucleon collisions

* Azimuthal correlation between D mesons and charged particles in pp and p-Pb
collisions, in different kinematic ranges:

* Compatibility within the uncertainties both for correlation shapes and for near-side
associated yields

* Near-side structures in good agreement with Monte Carlo generators
Outlook:
e Larger data samples in Run 2, higher +/s, higher multiplicities
* ALICE upgrade (2019-2020): improved tracking and vertexing performance of the
experiment 9 Access to a physics-rich program
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Cross sections down to p; =0 in pp collisions

ALICE
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x10°

w
o
(=]
o
o

G 1700 G 12000F , b
S ALICE pp, \s=7 TeV S r Track-rotation bkg subtracted S LS bkg subtracted
(0] [0)] [0)]
2 1600 , _ = 10000k = 25000
'© 1500 D" > Kn* '© N '©
o and charge conjugate o o
& 1400 & 8000 20000
c 0 O<p_<1 GeV/c < <
2 1200k D ' 3 :
S S 6000 015000
1200E pp at 7 TeV -
1100F o Kz ULS pairs 4000f 10000
1000F = = LS bkg .
—— EvMix bkg 2000f 5000
900F ___ TrackRot bkg [
1L l L1 1 1 l L1 1 1 l L1 11 l L1 1l I L1 1 1 l L1l G 1L l L1 1 1 l L1 1 1 l L1 11 l Ll 1 1 I L 1 1 l L1l 0
175 18 185 1.9 195 2 175 1.8 185 19 195 2 175 1.8 185 1.9 195 2
M(Kn) (GeV/c?) M(Kn) (GeV/c?) M(Kn) (GeV/c?)

* Analysis method, without selection on secondary vertex displacement.
* Analysis technique based on PID and subtraction of the combinatorial background via:
* like-sign pairs
* event mixing
e track rotation
e side-band fit
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Heavy flavour decay lepton R,

ALICE
__dopa/dpr
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. sl s e M. Mangano, P. Nason and G. Ridolfi, Nucl. Phys. B373 (1992) 295
Data dESC.I’Ibed within uncertainties by the K. J. Eskola, H. Paukkunen and C. A. Salgado, JHEP 0904 (2009) 065
models with CNM effects R. Sharma, I. Vitev et al., PRC 80 (2009) 054902

Z.B. Kang et al., PLB 740 (2015) 23
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HF multiplicity studies

What can we learn?

e Study the interplay between hard and soft mechanisms in particle production
* Investigate the contribution of Multiple-Parton Interactions (MPI)

* Insights into CNM effects in p-Pb collisions

Phys.Rev.D36(1987)2019
Nucl.Phys.Proc.Suppl.214(2011)181-184

* Explore the dependence of HF production on the collision geometry

and/or multiplicity density of final-state particles

Previous results:
e NA27 (1988, pp /s = 28 GeV): observed higher average

>
charged-particle multiplicity in events with open charm Qg >

=

©

production z.Phys. C41(1988) 191
« ALICE (2012, pp /s = 7 TeV): first measurements of

inclusive J/U production vs charged-particle multiplicity 9

show an approximately linear increase of the yield of the
J/ with the multiplicity. ALICE, Phys. Lett. B 712 (2012) 165
* CMS (2013, p-Pb /sy = 5.02 TeV): increase of Y(nS)

production yields as a function of the charged-particle
multiplicity JHEP1404(2014)103
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D meson production in ditferent centrality

classes in p-Pb collisions ALICE
new arXiv:1602.07240
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Nuclear modification factors estimated, with
ZNA estimator (energy deposited in the zero-
degree neutron calorimeter in Pb-going side,
no bias expected due to the event selection),
in different centrality classes:
e Results consistent within unity within the

uncertainties ol i
e Results consistent with binary collision ’ ° 0 e P, (2GSeV/C)30

scaling of the yield in pp collisions,

independent of the geometry of the

collisions.

I ‘ I | ‘ |

ST,
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Multiplicity dependence in p-Pb collisions

new arXiv:1602.07240
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 The D meson yields show a slightly faster-than-linear increase with the charged-

particle multiplicity at central rapidity.
* Thevyield increase is independent of transverse momentum within the uncertainties

of the measurement.
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Comparison with models in p-Pb collisions

ALICE
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H. Drescher, M. Hladik, S. Ostapchenko, T. Pierog, and K. Werner, Phys.Rept. 350 (2001) 93
K. Werner, B. Guiot, I. Karpenko, and T. Pierog, Phys.Rev. C89 (2014) 064903

* The measurements agree with the EPOS3 model calculations (with initial
conditions and hydrodynamic evolution) within uncertainties
* faster-than-linear increase of D-meson yields with multiplicity at mid rapidity
e approximately linear trend with multiplicity at backward rapidity
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Comparison of pp and p-Pb collisions

new arXiv:1602.07240
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At mid rapidity similar relative increase of charmed-meson yield with charged-particle
multiplicity is observed in pp and p—Pbcollisions

At backward rapidity the D-meson yields increase faster in pp than p—Pb

collisions: * Increase can be described by calculations taking into account the contribution of MIP in

high-multiplicity pp collisions

* different pseudorapidity intervals of the multiplicity measurement
* in p-Pb multiple binary nucleon-nucleon collisions also contribute
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(d*N/d ydp.) / (PN/d ydp_)

B feed-down unc.

Similar increase of the relative yield with the charged-particle multiplicity is observed for
open and hidden heavy flavour production both at central and forward rapidities:
Suggestion that this behaviour is most likely related to the cc and bb production
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Multiplicity dependence in pp collisions
Comparison with hidden heavy flavours
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B feed-down unc.
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ALICE,pp \s=7TeV

¢ Average D°, D", D** meson |y|<0.5, 2<p <4 GeVic
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processes, not significantly influenced by hadronisation
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Angular correlations in pp and p-Pb collisions

ALICE

new arXiv:1605.06963

« Azimutahal-correlation distributions for D%, D* and D** mesons in different kinematic ranges
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Angular correlations in pp and p-Pb collisions

ALICE

new arXiv:1605.06963
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Angular correlations in pp and p-Pb collisions

ALICE

new arXiv:1605.06963
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Fit to the azimuthal-correlation distribution, in different kinematic ranges.

e Fit function made by 3 terms: near-side Gaussian function (blue dashed line), away-side
Gaussian function (green dashed-dotted line) and baseline constant term (magenta
dotted line).

* The fit function describes, within uncertainties, the measured distributions in all
kinematic cases, providing values of x2/NDF close to unity
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Angular correlations in in pp collisions:
comparison with models ALTCE

new arXiv:1605.06963
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Near-side yields and widths in p-Pb collisions:
Comparison with MC

new arXiv:1605.06963
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