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Heavy-flavour production via single electron
and di-electron measurements

Andrea Dubla
for the ALICE Collaboration



Physics motivation

— Charm and beauty quarks are produced in hard scattering processes

in the initial stages of the collisions &H \‘: ‘
time
‘ :A A, * A, ...
— They experience the full evolution of the system '§>
= sensitive probes of the properties of the Quark-Gluon Plasma g
S

— Expected to lose energy while traversing the medium

— Collective expansion of the medium

— Hadronization: fragmentation vs coalescence

(to< 1 fmic)

N

beam beam 7

— Cold Nuclear Matter effect. modification of nPDF (shadowing)
- Need reference measurements in pp and p-Pb collisions
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ALICE detector

EMCal: trigger,

electron ID ITS: tracking, vertexing

and PID via dE/dx

FPEEREAW. Y A YL Rm a aVAN

VO: trigger, centrality
and event plane
determination

P ——
- = - —_—
—_—
—

R — i LTl Forward muon
) ‘ spectrometer

——p
. —— T R —
— T

T —

TRD: tracking, electron |ID

TPC: tracking, PID

TOF: PID via time of via dE/dx, event
flight

3

A. Dubla COST/GDRI, GSI



Single-electron from %%

heavy-flavour hadron decays ALICE

— Low-p+ electrons (p: < 3 GeV/c): PID via TPC dE/dx complemented with TOF and ITS
— High-p+ electrons (p> 3 GeV/c): PID using TPC, EMCal

/a 200'_- 1 [ ] 8 400 _| [T | T T | T 11 I [T T | T T | T T | T T | T T ‘ [T T [T l_
’:é; . . - = — —¢— Electrons + hadrons (-1 < n}F¢ < 3) -
g : : D 3°0F —&— Hadrons (-5 < nF¢ < -3.5) E
s 160 ALICE - - -
X 140l PERFORMANCE 3001 20-40% Pb-Pb, |(s = 2.76 TeV E
W ‘ Pb-Pb |5,,=2.76 TeV - E
S 120 ‘ : =75 8<p <10Gevic ¥ <07
= 100 200 [ ++ " -
B0, - -
£ 150 m -
40 it - . #i++ -+ .
= N T S U ALICE T * E
02 03 1 2 3 45678910 20 0:1111|1111|1111|1111ﬁﬂ#rwm
p (GeV/c) 5 4 -3 2 -1 0 1 2 3 4 5
_ nEMCal
Main background sources: _ °
_y conversions BaCkground subtraction:
_ m%and n Dalitz decays — Measured: photonic-electron tagging method (et*e- pairs)

— Calculated: data-tuned background cocktalil
4
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Dielectron production €

ALICE

= Measure Dalitz decays (119,n,w,n',9) and 2-body decays
(p,w,p) of mesons

5’2\? = Study direct photons via internal conversion (ydr—et*e-)
> B (Complementary to real photon measurements,
> 1’ n.0.n".¢ -Dalitz -
S 10,11, test pQCD calculations)
Z(D EG) E
OO !
=7
¥
1
E—/
f
i M W a3 w = Study h fl HF) production via simult
u eavy-flavour roduction via simultaneous
M, (GeV/c?) Y y (HF) p

semi-leptonic decays of D and B mesons

- Complementary to single HF measurements
5
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Heavy-flavour decay electrons in pp collisions %%
ALICE

2.76 TeV 5.02 TeV

TTTTT] T T T T 1TT]
ALICE Preliminary

cb—e, |yl<0.8
pp \s=5.02 TeV

7 TeV 13 TeV

llllll I I lllllllillllll 1 1 LI

10F  arXiv:1805.04379

pp \s = 2.76 TeV

ppis=7TeV L% op \s = 13 TeV

® Data, |y| < 0.8
O Data, |y| < 0.5

% 10—7; e Data (arXiv:1805.04379)
Q\

E FONLL (JHEP 05 (1998) 007) Phys.Rev. D86 (2012) 112007

N

~~ . .

— _g[ £ 1.9% lumi. unc. not shown + 5% lumi. unc. not shown + 3.5% lumi. unc. not shown + 5% lumi. unc. not shown

E
10 Lol | L .....|l==|||||| L ||||||||==|||||| L |||||||| ==|||||| 1 ||||||||=
"] A A A hd ""' - "'U'l Ll Ll Ll "ll'l p 'l"ll Ll Ll Ll 'U"ll """ Ll Ll Ll "U"I

_—

—

5

LL

~

4]

-+

4]

©

— Testing the centre-of-mass energy dependence
= testing pQCD based calculations down to pr = 0.5 GeV/c: at the upper edge of FONLL calculation at all energies

= Large improvement in the measurement precision! 6
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Heavy-flavour decay electrons in pp collisions %%

ALICE

8 1 I LI | I I I 1 I o i | | | L | | | | | | | L | | | L | | | | |
-E  ALICE Preliminary 1 pp,\s=7TeV/ \s=2.76TeV I pp,vs=13TeV/ 1s=276TeV [
L cb—oely<08 - eData,\s=7TeV |y|<0.8 T
S gL PP.1s=502TeV/ 1s=276TeV 1 G pata vs=7TeV || <05 T ol i -
O [ 15 =2.76 TeV (arXiv:1805.04379) T g 52
D " Data T Phys.Rev. D86 (2012) 112007 )
»w 5p *-a T T ;
v [ EJFONLL (HEP 05 (1998) 007) 1 o _
o 4F + 0 -
© I 1 :
B 3r 1 -
o | 1 5
T °F E E
Tk I Pt S ;
E + 5.3 % lumi. unc. not shown 1 + 4.0 % lumi. unc. not shown + 5.3 % lumi. unc. not shown :
O R ] ] ! TR A T B B A ] ] ] I B I A T B R A 1 l ] L1 1
0.5 1 2 3 4 5678 0.5 1 2 3 4 5678 0.5 1 2 3 4 5678
P, (GeV/c) P, (GeV/ce) (GeV/C)

— Ratios of cross sections at different energies can be used in order to further test the pQCD FONLL calculation.
In the ratios, part of the uncertainties cancel out

— It may helps to set additional constraints to model calculations
Eur.Phys.J. C75 (2015) no.12, 610

7
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Studies of heavy-flavour production as a

— —
NV &~

(d°N/dp.dn) | <d”N/dp_d> e o

function of multiplicit

%,

ALICE Preliminary

pp, Is=13TeV, n_| <1

e— Cb—oe(05< p. < 4.5 GeV/e, [y| < 0.8)

—a— |Inclusive J/y — e e (ly| <0.9)

H

B

)

B E [
| o
: !
B W | o
- ¢ + 5 % uncertainty on multiplicity not shown
B ] ] ‘ ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ]
1 2 3 4 S 6
(AN, /dn) 7 <dN /dn> . o

2

ALICE Preliminary
pp, Is=13TeV, [n_| <1

c,b—e, (|ly| < 0.8)

T T T[T T[T
d

*+ 5 % uncertainty

—
== 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

on multiplicity not shown

1 2 3

4 5
(dNg/dmn) / <dN o/dn> g 10

— Heavy-flavour production in pp collisions provides insight into their production mechanisms
and into the interplay between hard and soft processes in particle production

— The self-normalized yield shows a faster than linear increase trend
and are comparable with J/¢ measurements and PYTHIA8.2 predictions 8
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Pr.ee and DCAce analyses in pp at Vs = 7 TeV %%

% 10_15 I N B L L B NN L L L L L L I B T |%V_V_E —~ 10_1E |||||||| LI BNLBLEL N B B [T T T T[T T T T [TrT1 ||¢|||||E
% : ALICE ® Data % —~ = - ALICE ® Data &‘4! .
O - ppls=7TeV Cocktail 108 ~. T pp (s=7TeV Cocktai -
= n|<0.8,p_ >0.2GeVic _ > ©.~2l |n]|<0.8,p. >0.4GeVic _ |
8 {02k "¢ Te — — € - e (POWHEG) — D ol 107 Te — — T — e'e” (PYTHIA) =
- = 1.1 < m,, < 2.7 GeV/c? _ = 0, 5|0 — 1.1<m,, <2.7 GeV/c? _ =
= — — - bb — e'e” (POWHEG) = < o) - — - bb — e'e” (PYTHIA) N
o — S P < 8 GeV/c

_8 ,f“ B Jy — e'e,Jly - ye'e | 3 B | Prompt J/y — e€'e” 7
o} e + 3.5% norm. unc. on data not shown | _g ~ 107° =
E 0] e E E ‘ s , : ; L = - + 3.5% norm. unc. on data not shown ;

s - o4l ~ 'k DCAce spectrum _|

104 Y arXiv:1805.04391 = | =

— N E . . - -

- Intermediate-mass region == -

' _ \\. 1 — ;

- ~ —— =

B arXiv:1805.04391 \\\|\‘ T 3

_ W !E_ ﬁCharmdominatesatIOWp’Eee ...............J.!!!.!!!!!!!!!.!!!!!!!!!!!!!!\!hu__
oS sebTe] . E (pTee <3 GeV/c) and small DCAee = E
a S R ; : | = dominates at large pree a O 7777777
050__1234567__8 (p—l-,ee>4GeV/C)and|argeDCAee e 567891_0

p. . (GeVic) DCA__ (c)

= Let the normalization of the charm and beauty contributions free in the cocktalil

= Fit mee/pTee and DCAce spectra independently to extract the total charm and beauty cross sections
9
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Model dependence

A% 2 Sk et DE e
2 W X T £ 2 ) o P A o 2y
.

" DCA,, fit (¢2/ndf = 2.216) 'zi

ALICE ® mg/p.__fit ((*/ndf = 0.989)
pp \s =7 TeV —}— syst. uncertainty data
Fit with POWHEG I syst. uncertainty QQ — e*e”

<,1 PYTHIAG6 Perugia §
B DCA,_ fit (x?/ndf = 2.216) ' 2011 tune (LO With _cé 08

ALICE o m/p, fit(¥ndf=0999) | £ E

pp \s =7 TeV —— syst. uﬁcertainty data ' parton Shower) ‘~ 6
Fit with PYTHIA B syst. uncertainty QQ — e'e™ | :

(O stat. uncertainty £ 0.6

(mb)

0.8

o)

0.7 0.7

(O stat. uncertainty
arXiv:1805.04391 &
Reference:

0.6

Reference:

— o0, Eur. Phys. J. C 71 2011 0.5 — O Eur. Phys. J. C 71 2011 ~:‘ ,

0.5

‘. | o, Eur. Phys. J. C 77 2017 | o Eur. Phys. J. C 77 2017
¥ o3 - NG 4 § 03
oo N ‘{ POWHEG (NLO) £ o020 ¢
- ' arXiv:1805.04391 k + PYTHIA 6 ¥ - 3
§ o1 b parton shower e 0 | 3
' O :I [ | | L1 1 | I | | il I |§ [ 1 | | I | L1 1 | L1 1 | [ 1 1 | [ 1 1 | L1 1 | O _I = | — | — | | EI l |E S | L | L | S | L | L | — | ‘ “

b 2 46 & 10 12 14 16 18 20 22 § 0 2 4 6 8 10 12 14 16 18 20 22 §

Bt <o S RRose & ¢ RAda e S T~ ok s gty 4 M NSO T e oy < -~
> . -, - e . = 0 PEN . PR N T AN > . - g on o " S, et . A

> V& o 8 IB N TS TS ] DI PEede &7 - 9N - PG -l S Sy
- 2oy e Tt TR e 0% b IS 8 -y - -2 R W=

L sze i B DD X e : <

= Significant model dependence of the extracted total charm and beauty cross section
= Sensitivity to the different implementation of heavy-quark production mechanisms 0
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Heavy-flavour production in pp at Vs = 13 TeV %%

Pree SPECtrum

In the intermediate-

mass region

6\ B 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |
~—
> . 1
8 . ALICE pp Vs =13 TeV ® Data
< 19°E b ~02Gevic <08 Cocktail (PYTHIA) 7
Q e ,e e - B —
= C 1.03<m,<2.86GeV/c2 "t cc—e'e” (PYTHIA) .
T o i ol aloba i — - bb—e'e” (PYTHIA) ]
O} B +5% i { i .
& JoPaltne. not Sown — - Cocktail (POWHEG)
T 107 ool cc—se'e” (POWHEG) =
R s o
© - /‘. .,.:..: N --- bb—e'e” (POWHEG) I
0..:;:'\'\‘:’\ -
— T — — .'0.\'\.\ \ — B
-4 /4 ————————— - 4‘”.* iN >
L O = e, Ve =
= /. T S~ =
e DS P e~
, rXiv:1805.04407 ... DESTNE
1 0—5 ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I .:.1..
0 1 2 3 4 5 6
GeV/c
'OT,ee ( )

'S

ALICE

First measurement of docewp/d Viy=0
in pp collisions at Vs =13 TeV

PYTHIA 6 Perugia 2011 tune
(LO with parton shower)

074 + 138 (stat.) 4 140 (syst.) ub
79 £ 14 (stat.) = 11 (syst.) ub

POWHEG (NLO)
+ PYTHIA 6 parton shower

1417 + 184 (stat.) 204 (syst.) ub
48 £ 14 (stat.) &= 7(syst.) ub

d Gcf/ d.\' ’ y=0

doyg/dy|y—o

= Fit 2D pree and mee spectra to extract docemwn/dYiy=o
= Similar model dependence observed as at Vs =7 TeV
= Further studies of charm production mechanisms

11
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Heavy-flavour elliptic flow in p-Pb collisions %%

ALICE
'13}7/

1_/\ _I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I:
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s \ & et @ e -
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T - URTPR. - - Moo, 1% Ae-gBrr. syst. unc. in [Ag| <1 =

multiplicity to high multiplicity 0.2} MBeselne st une 00 R T S T T T
10 1\ 2/ 3 4 5
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Heavy-flavour elliptic flow in p-Pb collisions %%

ALICE
%,

0Jetsubtraction:highmult.-lowmult. >c\1 IR
02__ Al;gEr 5 02 TeV —8— (c,b) > e,|n <0.8, |An| < 1.2 ]
m " | PFD, Y Sy = o € rg. part., <0.8,0.8< <1. —
€ Modulation present! Collective effects - (0-20%) TN(6O_1OO%) :E,hs_joiizt.ﬁ 'n 322 is <|?I,|,| <1-16.5 ]
Initial- or final-state effect 0.15 —+ 1, Pb-going -4 < 1< 2.5, -5 < |An| < -1.5—
i -
i = e -
- ’ - - - ey 0.1— o y -
! ,, - o ® o |
o 45F ] | (t'))|"'h'|(;'t'_|'|"lt'.'|'_ § - -..-. —%— = = N
, O — ALICE c,b) — e - charged particle correlation  — ;f. C ] —1 01— Y B
S - PP Sy =5.02TeV 5 pec4Gevic,-1.26<y° <034 ] | 0.05¢ @—Ezi == o -
- Ap|<1.2 . o 1 & L X 3 i
"cb o B (0-200/0)-(60-1000/0) 0.3<,DT <2 GeV/c . ¥ B i ]
Z% - - ~ O _
, -O 4 ] 4 = = ,’- _I ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |—
s 1 1 2 3 4 5 6
P e 1 p_ (GeV/c)
v—| T | _ ] T
< 43F S
- —e- Data +H % I i1fi -
v costael 2 Vi costere) 1 ¢ Significance: 5.10 for 1.5< pre< 4 GeV/c
N — a=4.356 +0.004 1
_ - V,,=-0.0003 + 0.0007(stat.) 1 % : : : .
420 - V) 0.0040%0.0007(stat ER & Effect is qualitatively similar to the one observed for
005 1 15 2 25 3 | light flavours and inclusive muons
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Nuclear modification factor %%

— Production of hard probes (heavy quarks, jets...) in AA collisions PbPb measurement
Is expected to scale with the number of
nucleon-nucleon collisions N, (binary scaling) @

— Observable: nuclear modification factor %

W

l dzNAA /dptdy _ QCD medium pp reference

(Tan) d2opp/dprdy QCD vacuum /

— If no nuclear effects are present — Rap = 1

RAA ([)T-.\’) S

— Cold Nuclear Matter effects:
» shadowing leads to a reduction of the heavy-flavour yield (important at low p+)

— In-medium parton energy loss via radiative (gluon emission)
and collisional processes depending on:
= colour charge
= quark Mass (dead cone effeCt) Dokshitzer and Kharzeev, PLB 519 (2001) 199

= path |ength and medium density Wicks, Gyulassy, J.Phys. G35 (2008) 054001 -
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Heavy-flavour hadron decay electron

nuclear modification factor

arXiv:1805.04379 Yo arXiv:1805.04379 2
< 2 B T T T 1T 1 I T T T T 1T T 1 l _@ j(( 2 B | | I T 1 | | | | I T T I_@
< - 0-10% Pb-Pb, \ Sun = 2.76 TeV - — 20-40% Pb-P - 276 TeV =
sk < TAMU with shadowing - 0, 8 - i bTAbI\,/I}JS\';Iv’\thh sha?jov?/in -
N TAMU without shadowing - s ™ ! 9 -
- POWLANG HTL with shadowing : B TAMU without shadowing _
1.6 — e POWLANG HTL without shadowing — 1.6 ——— POWLANG HTL with shadowing —
B POWLANG Lat.QGD with shadowing - e POWLANG HTL without shadowing 1
14 e POWLANG Lat.QCD without shadowing 7 14 & ———— POWLANG Lat.QCD with shadowing —
L MC@sHQ+EPOS2 with shadowing ] - . .-
- e MC@sHQ+EPOS2 without shadowing - - e POWLANG Lat.QCD without shadowing-
1.2 ——e—— ALICE data — 1.2 — ——— ALICE data —
L 0-10% : S T ey 20-40% :
1 #_—"5”5;':""'!1‘-,—,— ---------- X ':f:'.: ------------------------------- l: - 2 :” '-'I:
_ | ‘:‘v‘ _ _
= &l \ ALICE . 8 —
F + + m”:. C,b — e 5 % 7
0.4 ¢ DR o ' MJ — 04 ’ }‘ \L ]
- <038, p. < 3 GeV/c Fre 1’%\# i - lvl<08,p_<3GeVic _$' T
021 y|<06,p >3GeVioc R 02 1<o6,p. >3Gevic E
O I T B N B | | A || O T 0 0 11 | | NI ]
1 10 1 10

p_ (GeVic) p. (GeVic)

— Data are better described when the nuclear PDFs (EPS09) are included in the model calculation
(TAMU, POWLANG and MC@sHQ+EPOS2) in both centrality intervals - POWLANG: Eur.Phys.J. C73 (2013) 2481;

— TAMU: Phys.Lett. B735 (2014) 445-450;
— MC@HQ+EPOS: PRC 89 (2014) 014905;

— Suppression at intermediate/high p+ is better described by models that include both radiative and
collisional energy loss processes 15
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Heavy-flavour hadron decay electron %%

nuclear modification factor
%
}2: L ! L ! ': @

o —o— ITS+TOF+TPC elD, |y| < 0.8 -
1.8~ ALICE Preliminary ~

—o— TPC+EMCal elD, |y| < 0.6 -

1.6 0-10% Pb-Pb, | 5, = 5.02 TeV " BAMPS el.+rad.

.+ PHSD
1 _4__ cb—e -...= Djordjevic _
B CUJET 3.0 B

| TAMU
1.2 0 - =+ MC@HQ+EPOS2 ]

— New Raa measurements in Pb-Pb collisions at 5.02 TeV down to pr = 0.5 GeV/c

16
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Heavy-flavour hadron decay electron %%

nuclear modification factor

:(:2_ | ||||||| | I ||||||| | |_ @ 2(2.5_ | ||||||| | | ||||||| | |_5¢
@© T —e— ITS+TOF+TPC elD, |y| < 0.8 © T ALICE Preliminary _
1.8~ ALICE Preliminary - -0-10% Pb-Pb, \ s = 5.02 TeV, c,b —» e Pb
- —— TPC+EMCal elD, [y| <0.6 - I P- ]
165 o ro on ) BAMPS ol srad. i 5| —=— ITS+TOF+TPC eID, |y| < 0.8 |
- 0-10% Po-Pb, \ sy =502 TeV. o ] . —— TPC+EMCal elD, |y| < 0.6 -
1 4 cb—e -...- Djordjevic _‘ - —=—p-Pb, -1.065<y__<0.135 (Phys. Lett. B 754 (2016) 81-93)
L CUJET 3.0 . i — |
- TAMU
1.2 ... MC@HQ+EPOS2 ~ 1.5 — * \ —
l I T T . :
1_ .......... S N R N D A —_ | ... i IR U D O N O I —
I ! tL * ‘ _
i 4 -
B ¢ |
i X % %
0.5 6 %_ —
i ; $
¢ [Telelet L
O_ | | I I I | | | | | | 1 1 11 |
1 10 p. (GeV/c)

— New Raa measurements in Pb-Pb collisions at 5.02 TeV down to pr = 0.5 GeV/c
— R,pp, consistent with unity (PLB 754 (2016) 81) — no strong modification of heavy-flavour decay

electron spectra in p-Pb collisions relative to pp collisions
— Large suppression at high p in Pb-Pb collisions

= final-state effect due to heavy-quark in-medium energy loss 17
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Heavy-flavour hadron decay electron %%

nuclear modification factor

5.02 vs 2.76 TeV %
::E 2_ T T T | | | | T T 11 | | | i
m -
18 \ Sy = 5.02 TeV h
- ALICE Preliminary =~ —— ITS+TOF+TPCeID, Iy <0.8 -
1.6~ 0-10% Pb-Pb,cb — e —e— TPC+EMCal elD, |y| < 0.6 ]
1 4 \ Sy = 2.76 TeV —
B —o— ITS+TOF+TPCelD, |y| <0.8
1_2:— —e— TPC+EMCal elD, |y| < 0.6 —:
| I ++ .............................................. *_:
st T, 010%
- ] ! & _
0.6 IiE: ol H -
0.4:— + * . IIII |ﬂ__ _:
1ol Myl E
[ arXiv:1805.04379 | -
O_ | | 1 1 11 | | | | 1 1 1 1
1 10 P, (GeV/c)

— Similar Raa IS measured between the two collision energies.
= Interplay between harder p; spectra and larger energy loss at 5.02 TeV w.r.t 2.76 TeV

- modulo different charm/beauty fraction

18
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Heavy-flavour hadron decay electron

nuclear modification factor

5.02 vs 2.76 TeV % /lg\
m::E 2: 1T 1T | | | | | 1 I| : m:(( 2_ | | | I T 1 I| | | | @
1.8:— \ Sy = 5:02 TeV _: 1.8 ch o6 0-10% ]
- ALICE Preliminary =~ —— ITS+TOF+TPCeID, [y| <08 - -~ ALICE Preliminary - ITS+TOF+TPC elD, |y| < 0.8 1
1 -6:— 0-10% Pb-Pb,cp >e  —=— TPC+EMCalelD, [y <06 1.6  0-10% PoPb, {i= = 5.02TeV TPC+EMCal elD, y| < 0.6
14 \ Sy = 2.76 TeV _ 14 ——cCcb-opn,25<y<4 _
B —— ITS+TOF+TPCelD, |y| <0.8 - _ ]
1_2:— —e— TPC+EMCal elD, |y| < 0.6 —: 1.2 2 5 < y < 4 —:
1__ .......... +++ .............................................. *_: 1:_ .......... +++ ............................................. '_:
0.8 | E H+ : 0-10% I 0.8 ;F : I
- | . - | .
0.6F- i i 1l % = 0.6F- + _J( -
0.4 Th T"ﬂ_ E 0.4 it %_ -
o AL ¥ — — T 3 [°H e | = —
IR <08 T :
£ arXiv:1805.04379 ] I ]
O_ | | I I | | | | | I I | | | ] B O | | I I | | | | | N I A | |
1 10 P, (GeV/c) 1 10 P, (GeV/c)

— Similar Raa IS measured between the two collision energies.
= Interplay between harder p; spectra and larger energy loss at 5.02 TeV w.r.t 2.76 TeV
- modulo different charm/beauty fraction

— Suppression compatible with the one observed for muons from heavy-flavour
hadron decay at forward rapidity at the same collision energy 19
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Nuclear modification factor in Xe-Xe

collisions at 5.44 TeV

s

ALICE

—————T—— %@ Similar Ry, Is observed in Xe-Xe and Pb-Pb when compared at similar <dN/dn>

A. Dubla
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Nuclear modification factor in Xe-Xe

collisions at 5.44 TeV

| ' | ' |

ALICE

%@ Similar Raa Is observed in Xe-Xe and Pb-Pb when compared at similar <dN/dn>

1 T_. ALICE charged particles, Inl<0.8
08 ,{ . | P= 1.2-42GeV/c | _: ¢
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0 500 7000 7500 a2 = both radiative and collisional processes relevant for heavy-flavour
(AN, /dm) = constraints to model calculations 21
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Nuclear modification factor in Xe-Xe

collisions at 5.44 TeV ALICE

— New Rpa measured down to p+ = 0.2 GeV/c thanks to the low B field used in ALICE during the Xe-Xe data taking!

1

<<( illllllllllllllllllll:_lllIIIIlllllllllllll%
C @

o 5| ALICE Preliminary
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— Possible future measurement of total charm cross section in heavy-ion collisions
— Data are reproduced by model calculations 22
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Nuclear modification factor

In Xe-Xe: rapidity dependence ALTCE

— New Rpa measured down to py = 0.2 GeV/c thanks to the low B field used in ALICE during the Xe-Xe data taking!
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— Also in this collision system a similar suppression is observed with the muons
from heavy-flavour hadron decay at forward rapidity
— Hint of a smaller suppression in 0-10% with respect to 20-40% centrality 23
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Beauty-decay electrons R, *

— Analysis based on the electron impact parameter distribution

JHEP 07 (2017) 052
— First Ry, measurement of beauty-decay electrons in 0-20% centrality at 2.76 TeV
— New R, , measurement of beauty-decay electrons in 0-10% centrality at 5.02 TeV
= Rap < 1 for pr > 3 GeV/c and compatible with the Ryn measured at 2.76 TeV
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i o, - JHEP 07 (2017) 052 .
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A. Dubla

Beauty-decay electron Ru, *

ALICE

— New R,, measurement of beauty-decay electron in 0-10% centrality at 5.02 TeV
= hint of a smaller suppression for beauty than charm+beauty decay electrons at the same electron p+

= large contribution to the systematic uncertainties from the rescaled pp cross section
= agreement within the uncertainties with models implementing mass-dependent energy loss

}2.5_ | | | | | L | | | _%@ 2(2.5_I 11 | 111 | L I L | IIIIIIIIIIIIIIIIIIIIIIII | &4
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i b(—c)—e il i .--- Djordjevic :
- b,c — e ] i b(—c)—e
) I + B I ol 1 TR i
dM Kt - AR Lo :
i + N i . I
0.5 ‘' — i + -~ oglﬁ+ o 0.5 ":q‘":‘“:ﬁ:::::::::::::::::.'.:::::::::::::_;
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Where we are....

pp collisions

= Production cross section described by pQCD calculations
v' HF are a calibrated probe of the medium created in heavy-ion collisions
v new di-electron measurements allow to study heavy-flavour production

Pb-Pb and Xe-Xe collisions
= Substantial modification of D and B meson p; spectra

v Potential to constrain energy loss mechanisms and medium transport coefficients

= Indication for R, ,"*"Y > R, , "™

v’ Consistent with the predicted quark-mass dependent energy loss

= Positive heavy-flavour particle elliptic flow
v Suggests that charm quarks take part in the collective expansion of the medium

p-Pb collisions

= Original motivation: a control experiment
v Confirm that D and B meson suppression in Pb-Pb at high p- is a final-state effect

v' Small cold nuclear matter effects at mid-rapidity

= But also unexpected results qualitatively resembling the collective behaviour
observed in Pb-Pb collisions 26
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... and what next

Pb-Pb: larger samples at higher energy
= Improved precision + extended pTt coverage
v Quantitatively constrain energy loss models
v’ Study whether charm and beauty quarks thermalize in the medium
v" Total charm cross-section measurement

p-Pb and pp collisions
= Improved precision on pp reference and assessment of CNM effects
v Crucial role in the interpretation of Pb-Pb results
= Production vs. multiplicity/centrality
= Additional studies on collectivity in high multiplicity pp and p-Pb collisions in the HF sector

Major step towards high-precision measurements
in the HF sector with the detector upgrades after Run2

27
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Production in p-Pb collisions

2_5 ] I I I | I I I | I I I | I I I | I I I | I I I | I ] 3 _I 1 1T | L I L | L | L 1T L | L | 1 I_
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cb—(e"+e)2,-1.065<y_ <0.135 ] D:QZ 5l 0 P-Pb, | Sy =502TeV, 1.06 <y __<0.14 -
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i i I 22 Blast wave calculation ]
i B 2 B Bl Sharma et al.: Coherent scattering + CNM energy loss |
el ] - B Kang et al.: Incoherent multiple scattering
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— For both inclusive HF and beauty decay electron an RpPb = 1 has been measured within the uncertainties

— No indication of significant cold nuclear matter effects on charm and beauty production

— Large uncertainties do not allow to discriminate among models implementing different CNM effects
29
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Heavy-flavour hadron decay electron %%

nuclear modification factor

<<( 2 I I I I | | | L I l__ | | | | L |

<, b T E
8E 0-10% Pb-Pb, \ Sy = 2.76 TeV T 20-40% Pb-PDb, \ sy =2.76 TeV :
{ 6  —=— ITS+TOF+TPCelD, |y| < 0.8 T —e— ITS+TOF+TPC elD, |y| < 0.8 7
T F —e— TPC+EMCal elD, |y| < 0.6 T —e— TPC+EMCal elD, |y| < 0.6 -
1.4 Phys. Lett. B 771 (2017) 467-481 I Phys. Lett. B 771 (2017) 467-481 ~
1.2 New low p; T New low p; -
- e B § BT EETR R -
08E T T { 11| 3
: + +H 0-10% T T % :
0.6 t i - TNt %— -
0.4 teTeT +}j}]—:— : duu Tl
: ALICE Tale T 20-40% — :
0.2 cb —>e T E
O_ Lol I Lol s Lo o ol I Lo o ]

1 18 V/ 1 1OG V/
ev/C . ev/C
Py (GeVIC)  arXiv:1805.04379 Py (GeVic)

New Raa measurements in Pb-Pb collisions at 2.76 TeV down to pr = 0.5 GeV/c
~ low-pr measurements crucial in all systems to test binary scaling of total charm cross section

and possible effect of initial-state effects like nuclear PDF (shadowing)
= systematic uncertainty largely reduced thanks to the new pp reference at 2.76 TeV 30
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Collectivity: azimuthal anisotropy %%

— Re-scatterings among produced particles convert the initial geometrical anisotropy
iInto an observable momentum anisotropy

— In addition, path-length dependent energy loss induces an asymmetry in momentum space

— Observable: elliptic flow v, = 2nd Fourier coefficient of the particle azimuthal distribution

&N 1 d°N o
— I 2v, cos|n — ¥
d3[7 2T pTd‘DTdy ( n;l ‘ COS[I?((p RP)])

Out-of—plaﬁé

Reaction:

plane Heavy-flavour v, measurements probe:

— Low/intermediate p+: collective motion,

degree of thermalization of heavy quarks and hadronization
mechanism (recombination)
— High p+: path-length dependence of heavy-quark energy loss
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Leptons from heavy-flavour

hadron decays

HF-decay muons
25<y<4
PLB 753, (2016) 41

HF-decay electrons
lyl < 0.7
JHEP 09 (2016) 028

>(\] :[ L | I L ] L | I LI | ] L | ] L | [ LI} '::I T 1 1 I T 1 1 l T 1 1 ' T 11 I T 1 1 I T 11 I T 1 l::l LI I LI I T 11 I L L I LI l 11 I T 1T 1T
05 F o I T -
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041 I et HF,V(EP, |An/>09)y|<07 F :
0.3F ALICE 1T =t HR v 2 An>17),25<y<4 F E
(125' Ea T ) =
0.1F F Fﬂmf@: | | :
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- Similar v, of heavy-flavour decay electrons at mid-rapidity and muons at forward rapidity classes.
- Positive v, observed — 5.90 effect for 2 < pr < 2.5 GeV/c in 20-40% centrality class for the heavy-flavour decay electrons.
- Hint for an increase of v, from central to semi-central collisions as observed for D mesons

- Suggests collective motion of low-p; charm quarks in the expanding fireball
32
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Beauty-decay electron Ry,

— Analysis based on the electron impact parameter distribution.

— First Ry, measurement of beauty-decay electron at 2.76 TeV in the 0-20% centrality interval:
— Rpp < 1for p;: >3 GeV/c
— consistent with the picture of mass-dependent radiative and collisional energy loss
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Data Samples

Xe-Xe@S.44 TeV
1 Million of MB events

Pb-Pb@2.76 TeV
Centrality class (7Taa) (mb~ 1) Nevents Lipe (Ub™)
0-10% 23.44+0.76 16.4x10° 21.34+0.7
30-50% 3.87+0.18 9.0 x 10° 5.8+0.2
Pb-Pb@3.02 TeV
Centrality class  (Taa) (mb™ 1) Neyents
0—109% 23.424+0.75 10.4x10°
30-50% 3.8240.14 20.8 x 106
60—80% 0.4044+0.017 20.8 x 10°
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Model predictions:

ALICE
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pr-differential cross section
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RAA

RAA

RAA

Nuclear modification factor in Xe-Xe

collisions at 5.44 TeV
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— Scenario consistent with the quadratic path length dependence of medium-
induced radiative energy loss
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— Pb-Pb and Xe-Xe systems give excellent control over the path length
— stringent constraints to all model calculations.
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