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MOTIVATIONS: HEAVY-FLAVOUR STUDY %

ALICE

* Heavy quarks experience the full evolution of the hot and dense
medium produced in ultra-relativistic heavy-ion collisions

» Excellent probes of the Quark-Gluon Plasma medium

* Great interest for heavy-flavour studies also in small systems (pp, p-Pb):

P P » Test and constrain pQCD calculations
0O——©O » Probe PDF for very small of Bjorken x

» Reference for measurements in p-Pb and Pb-Pb

{ » Investigate cold-nuclear-matter effects on heavy quarks (HQ)
» Search for “collective-like" effects in heavy-flavour sector

» Larger pp and p-Pb data samples collected during LHC Run2 (2015-2018)
» Allow for more differential studies w.r.t single particle analysis
» Additional physics motivations

=) Heavy-flavour (HF) jets and correlations ‘
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MOTIVATIONS: HF JETS AND CORRELATIONS %

ALICE
Phys. Rev. D 96, 034028 (2017)

pp collisions L f 30 GeV 30 GeV < plfl< 40 GeV
«  Test pQCD predictions with more direct access : 25251 Sy ;
. . ATLAS —x—
to parton (recover a large fraction of its p;) g
5
* Investigate heavy-flavour quark fragmentation E@
properties and characterize heavy-flavour jets ~
» Sensitivity to modelling of HQ production 2
processes (—angular correlations) £
@M .-
© i + 1
Phys. Lett. B 719 (2013) 29-41 © 77 0405060708 040506 07 08

2<p,, <4GeVic p-Pb | sy, = 5.02 TeV “h Zh

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

p-Pb collisions

* Investigate possible modifications of heavy-quark
fragmentation and hadronisation from cold-nuclear-

S
(5 080 matter effects
Y e
T 0.75 . . .
£,  Search for long-range ridge-like structures, possibly

due to initial- (e.g. gluon saturation) or final-state

SRR
RS
() & effects (e.g. hydrodynamics) a
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THE ALICE DETECTOR %

ALI
EMCal: electron PID ALICE central barrel coverage (ITS+TPD+TOF): |n| < 0.9

+ trigger ALICE muon spectrometer coverage: -4 < n < -2.4

VO: trigger +
centrality/multiplicity

Muon

ZDC: centrality Tracker

estimation

- -

Muon

ITS: tracking + vertexing Trigger

TPC: tracking + PID

TOF: PID

Heavy-flavour at central rapidity:
e Charmed hadrons from hadronic decay
channels (D%, D*,D**, D¢, AL, E?)
e Electrons from semileptonic decays Heavy-flavour at forward rapidity:
(b,c - etX) e Muons from semileptonic decays

+
e Non-prompt J/Psi from B - J/¥X — ete™X (b,c - p=X)
e Non-prompt D-mesons B - DX —» KnrX
e Jets with heavy-flavour content
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HEAVY-FLAVOUR JET RECONSTRUCTION Q

Reconstruction of jets from charged-particle clustering
» Charged tracks with p; > 0.15 GeV/c
> Fastjet with anti-kT; [p¢f| < 0.9 - R
» Average jet background subtraction (in p-Pb)

Heavy-flavour tagging by requesting the presence of a: Z—IF quark
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» Reconstruction of jets from charged particle clustering
» Charged tracks with p; > 0.15 GeV/c
> Fastjet with anti-kT; [ry¢| < 0.9 - R

» Average jet background subtraction (in p-Pb)

* Heavy-flavour tagging by requesting the presence of a: Z—IF quark

N 4

D meson

* Subtraction of jets with
combinatorial D via sideband
subtraction

« D-meson reconstruction
efficiency correction

« Subtraction of B—=D
contribution (w/ POWHEG)
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» Reconstruction of jets from charged particle clustering
» Charged tracks with p; > 0.15 GeV/c
> Fastjet with anti-kT; [ry¢| < 0.9 - R

» Average jet background subtraction (in p-Pb)

* Heavy-flavour tagging by requesting the presence of a: ZIF quark

N -

HF hadron decay
electron (HFe)

D meson

* Subtraction of jets with
combinatorial D via sideband * Subtraction of jets with
subtraction non-HF electron, or

« D-meson reconstruction misidentified hadron

efficiency correction * Electron reconstruction

. Subtraction of B—D efficiency correction

contribution (w/ POWHEG)
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» Reconstruction of jets from charged particle clustering
» Charged tracks with p; > 0.15 GeV/c
> Fastjet with anti-kT; [ry¢| < 0.9 - R

» Average jet background subtraction (in p-Pb)

« Heavy-flavour tagging by requesting the presence of a: AF quark
D meson HF hadron decay b-hadron decay
electron (HFe) vertex

* Subtraction of jets with  Reconstructed from displaced

combinatorial D via sideband * Subtraction of jets with
. secondary-vertex
subtraction non-HF electron, or
misidentified hadron * Secondary-vertex tagging-

* D-meson reconstruction

efficiency correction * Electron reconstruction
efficiency correction * Rejection of misidentified c-jets,

LF-jets (purity correction)

efficiency correction

« Subtraction of B—=D
contribution (w/ POWHEG)
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HEAVY-FLAVOUR JET RECONSTRUCTION %@

HF jet

» Reconstruction of jets from charged particle clustering
» Charged tracks with p; > 0.15 GeV/c
> Fastjet with anti-kT; [ry¢| < 0.9 - R

» Average jet background subtraction (in p-Pb)

« Heavy-flavour tagging by requesting the presence of a: AF quark
D meson HF hadron decay b-hadron decay
electron (HFe) vertex

* Subtraction of jets with  Reconstructed from displaced

combinatorial D via sideband * Subtraction of jets with
. secondary-vertex
subtraction non-HF electron, or
misidentified hadron * Secondary-vertex tagging

* D-meson reconstruction

efficiency correction * Electron reconstruction
efficiency correction * Rejection of misidentified c-jets,

LF-jets (purity correction)

efficiency correction

« Subtraction of B—=D
contribution (w/ POWHEG)

l I Unfolding of the jet spectrum to remove detector | '
effects on the jet measured quantities + normalisation
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D-TAGGED JETS IN pp COLLISIONS

p.-differential cross section of D°-meson tagged jets in pp collisions at /s = 5.02, 7, 13 TeV

ol
o

Vs = 5.02 TeV V5 =7TeV V5 =13 TeV NEy,
v;\ ................ LA L B L 3 10*1 T T 'Z\ - LI L B | | LI B B
° ALICE Prellmlnary ] ‘,0\ E] ALICE PP, ,/— 7 TeV s o - ALICE Prellmmary a
3 107Epp 15=5.02TeV E Charged Jets, Anti-k;, R =04 - © 107 pp (E=13Tev E
o) charged jts, antik, A = 0.3, 1% < 0.6 ElN.} n |<05 12 & chagediets antiky, R =04, %] <05 3
£ joeguinD’8<p <36 GVl 1 g 10F with D P, , >3 GeVic TE el WD 2Py <36 Gevic ]
S, o Data ] £ o5 E o Data E
©5 ] 8 0 R Syst. unc. (data) 3
Ll L |
*olggelt Syst. unc. (data) | o gﬁ 1° %1073 B o POWHEG+PYTHIA6 |
g 8 © POWHEGPYTHIAG 3 "ols =10 E = s [ Syst. unc. (theory) E
r [ Syst. unc. (theory) 7 S F 3 = ]
4| ® _ C 7 B 1
T i © 0tE .
= 1 elepaa - : -
105 £ [G]POWHEG hvq + PYTHIA 6 E e | ) R
E | ) © [ POWHEG dijet + PYTHIA 6 1 107k =
A I IR IR I o o e e e e e ‘ | Ll E 3
> E ' ' ' E © E 3 ey | [ | R
S HE— EI £ ——= 2 3 E
@ 2 a 25 Q 0 3
£ 1.5i“ i S 2% 3 2 z‘gil_ E
I ’ ¢ I = 1_5_ ,,,,, il o s = ; ; 55 ¢ ' A 5
5 t e - i = 8 15
ho} 1:v LJ L 2 bl o} = (] 4E 'y +
0.5 3 0.5[2}-2.{.2 1% st
%50 15 20 25 30 35p 40 ( GeV /05;' O 10 15 20 /5 O —7g~ 15 20 25 30 35 40 45
enjo arXiv:1905.02510 pner % Pronjor (GEV/C)
* \Very low p; reach: p(jet) > 5 GeV/c!
°

POWHEG+PYTHIA predictions (NLO pQCD) describe well the measured cross section

» Theory uncertainties larger than data ones
» Note: minimum pr(D) is lower (2 GeV/c) for v/s = 13 TeV results
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D-TAGGED JET z; IN pp COLLISIONS (£

5 < py(jet) < 15 GeV/c

DO-tagged jet cross section as a function of jet parallel momentum fraction carried by D® meson
compared to PYTHIA+POWHEG predictions, for two p(jet) ranges in pp collisions

Overall, good description of data. Hint of softer fragmentation at high p; in data w.r.t. prediction

d’c
dzt"dp
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d 7]j et
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T,jet

MC / Data

15 < p;(jet) < 30 GeV/c

ALICE
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D-TAGGED JET z, , IN pp COLLISIONS (%

ALICE

5< pT(jet) <15 GeV/c 15 < pT(jet) <30 GeV/c

IIIII‘

= [rrrrrrrrprrroproroeT IR I rrrrrrT S =
N = ALICE, pp, {5 =7 TeV N 0% -~ ALICE, pp, {5 =7 TeV h
~ 0_2* Charged Jets, Anti-ky, R =0.4,5<p' <15 GeV/c Y = - Charged Jets, Ang k. R=04,15<plt <30 GeV/c J
& C nl <05, with D°, p__ > 2 GeVl/e & Im,l<05withD’p, >6Cevic E
x “PYTHIA 6 Perugia 2011 @ g.25] - PYTHIA 6 Perugia 2011 -
0.15/—-. PYTHIA 8 Monash 2013 - - PYTHIA 8 Monash 2013 .
" -~ Herwig 7 MEMinBias _ 0.2f-~ - Herwig 7 MEMinBias - r 5
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DO-tagged jet cross section as a function of jet parallel momentum fraction carried by D® meson
compared to PYTHIA+POWHEG predictions, for two p(jet) ranges in pp collisions

Overall, good description of data. Hint of softer fragmentation at high p; in data w.r.t. prediction

Similar conclusions, for rate to inclusive jets, from LO models (Herwig, Pythia8, Pythia6)
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HF ELECTRON JETS IN pp COLLISIONS O

ALIC
* p;-differential cross section of HFe-tagged T 10 AL LA LA L L
. . .. S - ALICE Preliminary
charged jets, in collisions at 4/s = 5 TeV $ B
g J PP \/— % \ B pp, \s =5.02 TeV
. . E 10° \ ief —
» For different jet cones R=0.3, 0.4, 0.6 o5 E Charged Jets, Anti-kr, R = 0.3, [7|<06 3
g E withcb —e,4<p <18GeVic, [y°|<06
» Sensitive to beauty! (HFe dominated by i i
107 = =
beauty for p;(e) > 5 GeV/c) B E
- . .
* POWHEG+PYTHIAS8 predictions in s - _
agreement with measurement within - - E
B Py
uncertainties | ¢+ Daa * ]
10 = [ | Syst. Unc. (data) =
o 2.4: C O POWHEG+PYTHIA8 -
o 22F ALICE Preliminary ® pp.1s=502TeV T[] Syst. Unc. (theory) ]
& 22_ Charged Jets Antl k . p'Pb, \SNN = 502 Tev > :I ] ! | | ! - ! | - ! | | ! | | t | | } | - | | | - I:
T b R=03 I71<0.6 O POWHEG+PYTHIAS S 25t =
= °FE R=0.6,n*<0.3 < 2 . =
c”>' 16 withcb —e 4<p <18GeV/c, |y°|<0.6 3 1-?; oy — s E
@ 14 | S osE =
© 12k Yo 15 20 25 30 35 40 45 50 60
E ) (Ge /c)
C TchJet
08F- T ;
0-6% 4 ¢ I ° Ratio of cross section with R=0.3 over R=0.6
0.4 t I - .
ooF ' also well described by POWHEG+PYTHIAS8
qal 11 I1|‘5I 11 I2|0I 11 I2|5I 11 I3|0I 11 I3|5I 11 I4I()I 11 l4|5l 11 I5|OI 111 |E>I 11 I?O NLO Calculatlons
p T,ch jet( evic
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R, OF D-MESON AND HFe JETS ®

ALI

Nuclear modification factor of D°-tagged and HFe-tagged charged jets:

2.5
_I TTT | TTTT | rTTT I TTTT | TTTT TTTT TTTT TTTT TTTT TTT I_ 1 do- d
| ALICE Preliminary i R — . pr/ Pt
g - D°tagged jets, | s, = 5.02 TeV 3 GeV/c 7 pPb A d d
& L gged jets, | Sy = 5. P> ] Opp/ADT
ol charged jets, anti-k;, R =0.3,|n_|<0.6 _|
- et - 2 3 _ .
i ] U:% C ® R=03,7<0.6, |y<0.6
L 4 [ ALICE Preliminary _ jet e
- Rp-Pb (pp data reference) _ 25— o-Pb, | S = 502 TeV ® R=04, |77l ‘|<0.5, ly©<0.6
1.5~ o T Charged Jets, Anti-k ® A=06r"1<03.1y1<06
L H i o[ with c,b—>e,4<pTe<1SGeV/c
B - ] - |
1l H-H """""""""""""""""""""""""""" i 15— 4
B I L T i
i C | b
: s se= i B === A
0.5— — C i
- i 05 i
O—Illlll||||I||II|III||ll||||||||||l||||||||||||I||— o_l PR T T N T TN TN M N SN S T S N T O ST SO NN SO WO S
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 * (Gevic)
b, (GeVic) Pr ohiet
T,ch jet

R,p, fOr both tagging particles are consistent with unity over the full p; range
» No evidence of strong cold-nuclear-matter effects on charm (and beauty) jet production
Single-particle R, measurement also consistent with one, hinting to no large modifications

to the parton fragmentation from pp to p-Pb
-> See Mattia Faggin’s talk on Tuesday at 15:20 (parallel nPDF/CNM)
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b-TAGGED JETS IN p-Pb COLLISIONS (&

ALICE
First ALICE measurement of beauty jets in p-Pb collisions at \/syy = 5.02 TeV

LA L AL L LA L L L B L L I T T T T T T T
% 10‘1EE ALICE Preliminary % 101EE ALICE Preliminary
0] = 10} E &
E 10—2 _E p—Pb \SNN = 502 TeV = 2 10—2 :g p—Pb \SNN = 5_02 TeV =
£ = charged b-jets, anti-k;, R = 0.4 = £ - charged b-jets, anti-k;, R = 0.4 3
=10°% = =10° g =
O E 3 o, E 3
‘SQF1 o = = %Qi:1 0% —=
=) = = ) = =
B 5L | B 5L i
v 10°E = o 107° 3
:::::{::::}::::I::::{ 1 I i : _::::{::::I,:::{.. | R | |
- ——Data 3 = — Data ]
2.5 — systematic uncertainty 3 2.5 — systematic uncertainty =
o 2:_ —— POWHEG HVQ e - 2:_ —— POWHEG dijet EPPS16 3
g E — POWHEG systematic uncertainty ] § E — POWHEG systematic uncertainty ]
2 15k = e {5k =
fe! - ] o E 3
g 1 . e
0.5 = 0.5 .
:. oo b by by | i | | PR 1 . E E
10 20 30 40 50 60 70 80 90 100 10020 30 40 50 60 70 80 90 100

pg}et (GeV/c) pﬂ)‘jet (GeV/c)
Cross section described within uncertainties by POWHEG+PYTHIA NLO calculations
with HVQ and dijet production process + nuclear PDF
Very low p; reach, p;(jet) > 10 GeV/c, complementing other existing measurements
at the LHC at higher p;
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HF CORRELATION: ANALYSIS PROCEDURE %

ALICE

Reconstruction of D mesons via hadronic decays Reconstruction of HF electrons (HFe)
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HF CORRELATION: ANALYSIS PROCEDURE %

ALI

Reconstruction of D mesons via hadronic decays Reconstruction of HF electrons (HFe)

h e Correlation with other tracks in the event to build 2D distributions J

Mixed-event and reconstruction efficiency correction, 1D projection
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d Nassoc
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—

OO

« Correlation with other tracks in the event to build 2D distributions

Reconstruction of D mesons via hadronic decays

Reconstruction of HF electrons (HFe)

)

* Mixed-event and reconstruction efficiency correction, 1D projection

|

L B B B L B
- Average D’, D", D ALICE
[ —+—p-Pb, {5, = 5.02 TeV

- -096<yP <0.04, |An| <1

- 8<p$<16 GeV/c, p3¥°° > 1 GeV/c

Total fit
———- Near side
............. Away side
.............. Baseline

+4% .
4, scale uncertainty

—
[ _t |

)

05 1 15 2 25
A (rad)

EPJ C 77 (2017) 245

Wl

Subtraction of B—D feed-down contribution
and of secondary track contamination

Average of
DO,D+,D*™

distribution, fit,

and extraction
of peak yields
and widths

ALI
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HF CORRELATION: ANALYSIS PROCEDURE %

Reconstruction of D mesons via hadronic decays

e r

s j: Total fit
8 N - ———- Near side
g E B 0 e Away side
P 3 i
= TN e Baseline

a [
1—|2 -
o e

« Correlation with other tracks in the event to build 2D distributions

Reconstruction of HF electrons (HFe)

)

* Mixed-event and reconstruction efficiency correction, 1D projection

|

Subtraction of B—D feed-down contribution
and of secondary track contamination

L B B B B L
- Average D’, D", D ALICE
B~ —#—p-Pb, sy =5.02 TeV

- -096<yP <0.04, |An| <1

5 8 < p? < 16 GeV/c, p**° > 1 GeV/c

+4% .
4, scale uncertainty

|

—
\\\\‘\\\

-t
2

Lo I
0.5 1 1.5

A (rad)
EPJ C 77 (2017) 245

OO
wl-

* Average of
DO D+,D™*
distribution, fit,
and extraction
of peak yields
and widths

'('(‘JS 0.7 ALICE (c,b) - e - charged particle correlation 3
= = p-Pb,\s, =5.02TeV o _pec4GeVic,-1.26<y’ <034 3
0.6F T cms 3
@ EojAn|<1.2 h 3
£ E 0.3< ph<2GeVic 3
@ 0.5 . T —
] = + --0-20% VOA class 3
8 0.4 - =
X F -#60-100% VOA class E
5 0.3 - =
o | o = - -~ E
I'ILZ _g 0.2 - -+ —0—_:—_ - =
F - E

°l 0.1 : - -~ *. =
-5 o E e e
it F :
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&

Subtraction of hadron contamination from

E/p distribution in the EMCal

Subtraction of non-HFe electron via
invariant mass analysis

L L s ey e e B s B B

PRL 122, 072301 (2019)

ALI
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D-h CORRELATIONS IN pp AND p-Pb

« Azimuthal correlation distributions of D mesons
with charged particles in pp and p-Pb collisions
- Similar correlation pattern and in pp and p-Pb
over a large kinematic range:
» 3 < p{D) < 24 GeV/c
» 0.3 < py(assoc) < 3 GeV/c
pp@5.02 TeV
p-Pb@5.02 TeV
% ALCE Proiminary  Nearsde ¥ %
5 890 pmwc03GeVie 3 03<pEc<1GeVic P > 1 GeVle E
g 3 IAT]|<1 _§_+ pp, 15 =5.02TeV, [y? | <05 E3 _g
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& e E3 T E
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20
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1 20
D meson P, (GeV/c)

N
i

_k
(M)

- baseline (rad™)

|III|I\\|III||II‘III|III

‘IYIIIIIIIIIIII

ALICE Preliminary
8 < p? <16 GeV/c, p2**°° >
Anf <1

—+— pp, 15 =5.02 TeV, [yg’ms|

—— p-Pb, | 5, =5.02TeV, -0.96 < y°

[ | l baseline-subtraction unc.

+4% +4
4% 4 / scale uncertainty

++

_H_

Average D°, D*, D™

+=F
=+=.
=

IYIIIIIIIIIII

1 GeV/c

<05

< 0.04

+
:EIE
-

ST T

L] i AT I
0.5 1 1.5 2

Near-side (NS)

I B [0
2.5 lS
A (rad)

Away-side (AS)

Near-side yields and widths

consistent between pp and p-Pb

>
>

Same for away-side, not shown

No evidence of cold-nuclear-

matter effects larger than

uncertainties
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Comparison of near-side and away-side peak yields and widths to Monte Carlo predictions

D-h CORRELATIONS IN pp VS MODELS

Near-side

ALICE Preliminary ~ Near side

—e— pPp, \s=5.02 TeV

ly° | <05, |an| <1

3.5F + i
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3 2.5F % — “—ea— PYTHIAB, Perugia 0 T —%— POWHEG+PYTHIA6
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0.6 T T
0.5F +

n
U w o

Baseline (rad™)
IS B
T T T

o
[$)]
T

E= === —

2

* POWHEG+PYTHIA (NLO) predicts larger NS yields/widths and smaller AS yields/widths than models at LO
* NS peak not favouring a specific model; AS possibly better described by POWHEG+PYTHIA
* Observables sensitive to modelling of heavy-quark production processes and fragmentation
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HEAVY-FLAVOUR ELECTRON v,

R

T T T
(c b) —e- charged partlcle correlatlon

PRL 122, 072301 (2019)

g 4.5— ALICE i
= - p-Pb, {5y =5.02TeV 2<p®<4GeVic, 126<y® <034 |
s o jAn|<1.2 ]
ble [ (020%)-(60-100%) ~03<pr<2GeVic ]
Iz_g - 3
S 4.4_— =
™ t _ ]
< G ]
(0] ~ -
K C ]
~—| T - —
< 4.3 -]
- -o- Data .
- —a[1+2V, cos(Ap) + 2 V,, cos(2A0) ] -
C — a=4.356+0.004 N
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4.0 V,, =0.0040 + 0. 0007(stat ) —
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0 0.5 1 1 5 2 2.5 3
Ao (rad)

« Azimuthal correlations of heavy-flavour decay electrons with charged particles in HM (high
multiplicity, 0-20%) and LM (low multiplicity, 60-100%) p-Pb collisions

* v, extracted from Fourier decomposition of HM — LM correlation distribution

» Positive v, for heavy-flavour decay electrons (50 effect for 1.5 < p:# < 4 GeV/c)

» Strength of v, lower than for charged particles (but different p; ranges of original

partons), and comparable with muons (but different rapidities)

o

0.2

0.15

0.1

0.05

IN p-Pb O

ALIC

LA B B BN B
| ALICE

L L B

T 1 11 1 T

P

C _ —o— (cb)— e, | <08, |An <1.2 i
L P-Pb,\s=502TeV o crarg part, <08 08<pg<16
T (0-20%) - (60-100%) —¢— u, p-going-4 < n<-2515<an <5 |
— —+— |, Pb-going -4 <n<-25,15<|An <5 ]
i —f— | i
N BB#E: e i
ey O FL .
I —— T ]
B | Ll P BT R BN |

1 2 3 4 5 6

P, (GeV/c)

F. Colamaria — Initial Stages 2019

NYC, 26/06/2019




0.1

2, |An| > 1}

HEAVY-FLAVOUR MUON v, IN p-Pb

— ALICE Preliminary
[ p-Pb\s,, =8.16 TeV
" Multiplicity class CL1: 0-10%

Inclusive p*

p-going: 2.03 < Yous < 3.53

Pb-going: -4.46 < y
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« Same values of muon v, in HM p-Pb obtained also via 2-particle cumulant method

*  Muon sample dominated by heavy-flavour contribution above 2 GeV/c

« Compatibility of v, values at forward and backward rapidity

ALICE
B T I T T T T I T T T L I T T T T I T T T T I T T T T ]
L ALICE Preliminary Inclusive p*, 2.03 < Yous < 3.53 -
_p-Pb\s,, =816 TeV ]
C |:| Systematic Uncertainty T 1
[ —}— Multiplicity class CL1: 0-10% -
T —}— Multiplicity class CL1: 10-20% ]
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HEAVY-FLAVOUR MUON v, IN p-Pb

0.1

2, |An| > 1}

='0.08
0.06
0.04

0.02

o

oIIIIIIIIIIIIIIIII

— ALICE Preliminary
[ p-Pb\s,, =8.16 TeV
" Multiplicity class CL1: 0-10%

_

—— p-going
—}— Pb-going
1 1 L L I 1 1 1 L I

e

[ ] Systematic Uncertainty

I T T T T
Inclusive p*

p-going: 2.03 < Yous < 3.53

Pb-going: -4.46 < y

CMS
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6
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—
no

2, |An| > 1}
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« Same values of muon v, in HM p-Pb obtained also via 2-particle cumulant method

*  Muon sample dominated by heavy-flavour contribution above 2 GeV/c

« Compatibility of v, values at forward and backward rapidity

v,HfeHFu s O in p-Pb: Initial-state (gluon saturation) or final-state effect?

If it's final, does it come from collectivity as for Pb-Pb?

Need model predictions to investigate further the origin!

LA BN L L L L L B B L B
:_ALICE Preliminary Inclusive p*, 2.03 < Yous < 3.53 _:
[_p-Pb \s,, =8.16 TeV ]
:_ |:| Systematic Uncertainty 5 1
[ —}— Multiplicity class CL1: 0-10% -
E —— II\/IuItipIicity <I:Iass CL1:|10-20% | | E
OIHI1HII2”H3””4””5”H6

P, (GeV/c)

)

ALICE
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CP

D-MESONS Q; IN p-Pb COLLISIONS

b

18F | I
1o
41 it ||
E 1 ML .
i . iﬁ’ ] ,.« J:E ]
[E=2 J[ &= '*' -1
0_8:— T I _:
0‘6;_ 0-10% ZN energy T 10-20% ZN energy E
7 SN
—f
1.2F ﬁwﬁ&ﬁﬂlﬁ' I —I“" +#I- ﬂ =
1: .......................... ;_% ki _ﬁ% | -
+'t
D'ﬁ? 20-40% ZN energy {  40-60%ZNenergy E

1 10

Measurement of Q¢p > 1 with =30 significance for 20-40% class, for 3 < p;(D) < 7 GeV/c
» Similar feature observed also for charged particle measurements

p, (GeVic)'

10

P, (GeV/ce)

ALICE
p-Pb, {5, = 5.02 TeV
096 <y _<0.04

cms

®  Prompt D mesons

lj Syst. on dN/dp_
B syston¢ Toeo)

4 Charged particles
Syst. on dN;‘de

Ocp =

ALI

Ratio of corrected yields in
central p-Pb collisions over
peripheral p-Pb collisions, Qcp:

(dszrOmpt D/d})Td}'];)—Pb/ (Tppb >i

Nicely complements elliptic flow
measurements of heavy-flavour leptons in
high-multiplicity p-Pb collisions

» Models are needed for interpreting the results!

One possible origin: radial flow induced by hydrodynamic evolution of the coIIisionsa

(dzNP"OmPtD/dp]ﬂd_‘f]g[l_PLOD%/<Tppb>60_ 100% |
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CONCLUSIONS %

ALICE

* p;-differential cross section of D-tagged, HFe-tagged and b-tagged charged jets in small
systems described by POWHEG+PYTHIA predictions within uncertainties

> Parallel D-jet momentum fraction of D in overall agreement with predictions, with
hints of softening for data distribution w.r.t. models at high p;

R.p, of D-tagged jets and HF-tagged jets compatible with unity over full p; range
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CONCLUSIONS %

ALICE

p- -differential cross section of D-tagged, HFe-tagged and b-tagged charged jets in small
systems described by POWHEG+PYTHIA predictions within uncertainties

> Parallel D-jet momentum fraction of D in overall agreement with predictions, with
hints of softening for data distribution w.r.t. models at high p;

R.p, of D-tagged jets and HF-tagged jets compatible with unity over full p; range

D-h correlation distributions and peak features in pp collisions generally well described by
LO and NLO models, with preference to POWHEG+PYTHIA for the away-side description

No evidence of large cold-nuclear-matter effects on charm fragmentation from the
comparison of pp and p-Pb collision results
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CONCLUSIONS %@

ALICE

p- -differential cross section of D-tagged, HFe-tagged and b-tagged charged jets in small
systems described by POWHEG+PYTHIA predictions within uncertainties

> Parallel D-jet momentum fraction of D in overall agreement with predictions, with
hints of softening for data distribution w.r.t. models at high p;

R.p, of D-tagged jets and HF-tagged jets compatible with unity over full p; range

D-h correlation distributions and peak features in pp collisions generally well described by
LO and NLO models, with preference to POWHEG+PYTHIA for the away-side description

No evidence of large cold-nuclear-matter effects on charm fragmentation from the
comparison of pp and p-Pb collision results

Positive elliptic flow of heavy-flavour hadron decay electrons (at central rapidity) and
muons (at forward/backward rapidity) in high multiplicity p-Pb collisions

» Initial state or final state effect? Does it come from collectivity?

Possible onset of collectivity in such conditions could be supported by Qc > 1 of D mesons

at intermediate p;
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HEAVY QUARK PRODUCTION

PYTHIA (E Norrbin, T. Sjostrand Eur.Phys.).C17:137-161,2000)

100000 F . 10000 Flavor Creation (“FCR”)
1000 | ¥ i
10000 - : 100 |
g 1000 } g 10 £
o’ - 1 a2
3 100 ¢ ' g 01 E 7 S ] g b
&L s Total charm —— ‘ "~/  Total bottom —— 1
O ansion 3 € oo [0 ralceslon
vour excitation - ] o
b & Gluon spliting - ] 0001 | 7 ; Gluon splitting - 4 Flavor Excitation ["EEE)(")
; / ] g
0.0001 | / 3
T i ted 100 1000 10000 b
(GeV) PrY -Intégrate \s (GeV)

g g

HERWIG 6.5 (A. Banfi, G. Salam, G. Zanderighi, JHEP 0707:026,2007,

— ey — 1 arXiv:0704.2999) Gluon Splitting (“GSP”)
Herwig 6.5 aSP ! ’ b
05
b
FRE pr G e — . 0 . .
100 1000 b jet p; [GeV] | |
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BJORKEN X REGIONS AT THE LHC AND PDF

— Mg‘“a = 2.4 GeV: charm [[] centralbarrel: h| < 0.9
..... Mg = 9 GeV: beauty B Muonam:2.5<n<4 ALICE, J. Phys. G, 32 (2010) 1295
w 1 .
10
10~ 2 2
2 CTEQ4L, Q°=5GeV
_! ﬂf-'10 E T II|||II| T IIIIIIII T IIIIIII[ T I|IIIII| T Illllfq
10 g F .
x = -
10" =10 £ 4
. x B gluons 3
10 1 B i
10" seaquarks "l O\ 3
10_? y 1 l}-1 L .I“ » ]
. r R F " Valence qua =
10”7 10° 10° 10™ 10° 107 10" 1 107 10° 10° 10™ 10° 10" 10" 1 E e 9 5
X, X, 105 E
— M{'% = 2.4 GeV: charm [] centralbarrel: |n| < 0.9 F
_____ M™ = 9 GeV: beauty B Muonam:25<n<4 10° 3 i
- 1§ : LHC RHIC
x _1 104— 1 IIIIIIII 1 IlIIIIII 1 IlIIIII| 1 IIIIIIII 1 IIII.FJ
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X
10- o L3 o
4 Parton Distribution
10 Functions in CTEQ 4L
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10”7 10" 10° 10” 10” 107 10" 1 10
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CHARMED HADRON RECONSTRUCTION

« Reconstruction and selection of charm-hadron candidates exploiting the displaced
decay topologies + particle identification on daughter tracks (p/K/m)

» Multivariate approach (BDT) also available for A_* in p-Pb

* Signal extracted via an invariant-mass analysis e
A ,,/" poinung llﬂ;'in‘ H: intin
* Feed-down from beauty-hadron decays A P
. ; . . i _';/_-é'i-_'_“;'__'___ \Dreconstructed momentum
subtracted by means of FONLL calculations Ditlgatece.. - i
+ assumptions on feed-down nuclear - e secondary verlex

modification factor

3
NO )—<I1\03|\ L ‘ TTTT ‘ L | TTroTT TTTT T NO11.0?<|1Q T T T I T T T T I T T T T
< 13C ALICE Preliminary 43 r ALICE Preliminary 1
> 1S f ]
% 120 P-Pb, {5, =5.02 TeV E §10_5__ p-Pb, \ sy = 5.02 TeV ] Charmed hadrons (Iyl < 05)
- c ] ¥ 1
s o oK X H6<p <8GeVie v DO — Kt
o E and charge conj. 7 ,10.0 T
. ] L ] * O+ +ar+
£ 10 2<p <3Cevicd & | ¥ D= Dt — K'm
C 1 < _ -
S o e 1 v D> Kmrm?
a = ; + + —K T+
85 ( " 3 9'0; A — pKn+ c.c. v D s > QT — K=K*mt
© S(30) = 11827 + 239 - E C 1 }
E u=(1.8676 +0.0003) GeVic? 3 8.5k p=2289£0.001 GeVic ] v /\c+ - pK‘TT+, Ac — pKOS, KOS — TU'TT
F 6=(11.0+0. 2 E = 0.008 GeV/c (fixed to MC)]
o © (11:0=0:3) Mevie £ ++ S(+30) = 4171+ 277 1 v ANt—>eAv, N> pr
| I T T P N e T v

F, 8%—1 L L P R
175 1.8 1.85 1.9 195 2 2 2.25 2.3 2.35 = 3)Z0 5 et=ve = S TA
M, (GeVic?) M(pKnr) (GeV/c?) (o =) = ’
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D-MESON R,

E _I T | FTTT FTTT FTTT | FTTT | T TT | FTTT | T I_ E _I T | FTTT | T TT | T TTT | FTTT | T TT | FTTT | T ]
Q- T ALICE p—Pb, \[s,,=5.02 TeV ] o C ALICE p—Pb, \(s,,=5.02 TeV
@ 16 - Vo . A 160 ¥ Snn E
C Prompt D mesons,-0.96 < y_ < 0.04 C Prompt D mesons, -0.96 <y <0.04 -
14— » Average D°, D", D** 7 14— = Average D°, D", D** .
C o D’ ] C ’\ o D° ]
1.2— = 12— ¢ —]
B ’ ! 'I i
1 v | N o T R ll 1
ostli” - 0.8/1] ‘ -
s : 5 :
0.6+ — 0.6F —
L/ ] H .
0.4/ === CGC (Fuji-Watanabe) i 0.4]- i
"/ == FONLL with EPPS16 nPDF ] [ =w=n= Duke ]
oL === Vitev et al.: power corr. + k; broad + CNM Eloss ~ _] 02— = ' POWLANG (HTL) -
T Kang et al.: incoherent multiple scattering 1 [ === POWLANG (IQCD) i
O_I 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | 1 I_ O_I 111 | L 111 | L 111 | 1 | L 111 | L1 11 | L 111 | (I ]

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
P, (GeV/c) p; (GeV/c)

*  New published results with better precision, due to reduction of
uncertainties in the pp reference (2017 sample)

* Non-strange D meson Ry, is compatible with unity within
uncertainties

» Described by models including cold nuclear-matter effects;
models assuming QGP formation are more disfavoured
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D-MESON Q.

ALI

ALICE
p—Pb, VSN =5.02 TeV

~0.96 <y, _<0.04

B Prompt D mesons

:’ Syst. on dN/dp_
- Syst.on( T g )

A  Charged particles
Syst. on dede

C‘J'pr

'::H::':::':::'E;'--

20-40% ZN energy 40-60% ZN energy 60-100% ZN energy ]
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D-JETS: ANALYSIS STRATEGY

» Charged jets tagged by the presence of a reconstructed D-meson candidate inside the cone

> Jet finder algorithm (Fastjet, anti-k;) run for each D-meson candidate, after substituting
the daughter tracks with the D-meson particle

& 2200F" "A|CE Prefiminary ' ' 9 % s00f pPbysn-502TeV ' 3% 2 T S anaregion ' ' E
3 2000F D’ — K and charge conj. i 3 8<p, ,<10GeVic ] 3 200 ] SideBands E
= ine‘Charged Jets, Anti-k;, R=0.3 E S _ . . £ 1 S 1g0F 12<p.,<16GeVic 3 .
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200 = . 20F
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; ; oo ] o aloos 1 Sgnal regon unfolded for detector effects
y L ® 4 -
[ Heo- 1 & 1 'UF o signal - SB ;
o g 1 e - ] 5 1 and background fluctuations
o ] FC3 ] 3 .
; —— ] : —0— ] F == E (|n -Pb and Pb‘Pb)
3 —{= 1 3 —_—{ 1 £ ]
I 1 I 1 F 6o —— ] p
T+ T 1T ==
105— E 105— — g ;
z T 1o —
0 AT AT IO PP POTTU YL YT PRV Y 0 PV FAVPY PPV PYS PYTU YU PYOTY FOOL POV B AT T ST TS TV ISYIN IO PP AT
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
Pr anjet (GeV/c) Py oh e (GeV/c) Py onot (GeV/e)

F. Colamaria — Initial Stages 2019 NYC, 26/06/2019




Probability density (GeV/c)"
3 3 -
M) IR — o
IIIIIII| T IIIIIII| T IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

—_
Q
w

—
S
a~

D-JETS - TECHNICAL PLOTS
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D-TAGGED JETS IN Pb-Pb COLLISIONS

‘Z_\ 10 ETTT T T 1 T T T T T 1 T T T T 1 T T T T T = < 2 r T T T T T I ; ; —

o E ALICE Preliminary 3 CE< " ALICE Preliminary ]
E = \ Sy = 5:02 TeV _ 1.8:— Pb-Pb, | s, = 5.02 TeV _:
v(: B Charged Jets, Anti-kT, R=0.3, |n.et| <06 B C Chargoed Jets, Ant|'k-|—, R =0.3, |771.et| <0.6 .
Z7T. 1E_With D°% p. >3GeV/c J E 1.6/~ « D'-tagged jets (pT o> 3 GeV/c), 0-20% —
o8 E T e  0-20% Pb-Pb 3 r p-Pb data reference .
Svst. Une. (Pb-Pb . 1.4—w= Ch. Jets (p'fad >5 GeV/c), 0-10% —
i el dQC' (Po- l ] - POWHEG+PYTHIAS reference .
107 e — © PPb g X Tan YA 1210 Average D’, D", D, 0-10%, arxiv:1804.09083 -
B Syst. Unc. (p-Pb) E 1: Ny
10°E — = 0.8~ =
C ] 0.6 ]
= ¢ [ i - H_HH ]
10° - 0.4 B Jﬁtﬂﬂ -
i ] C -@-—@' ’
- : : 0.2 %@ﬁ-ﬂF_ﬂ_ E

10—44| | |6|| | ISII | |1|()| | |112| I |1|4.| | |1l6| | |1|8] | |2|0| O_I | 1 1 1 L1 1 |I | | | | L1 1 Il
1 10 10°
Pren jet (GeVic) p__andp (GeV/c)

T.D T,ch jet

Strong suppression of production cross section in 0-20% Pb-Pb collisions over full p;(jet) range

Comparison with inclusive jets difficult due to non-overlapping p; ranges, but hint of lower Ry,
for D jets in 5 < p;(jet) < 20 GeV/c than inclusive jets with pr > 50 GeV/c

» Can address different quark/gluon jet ratio and collisional/radiative energy loss fractions

R,n comparable with single D-meson measurement: jet R,, dominated by leading particle
energy loss? Or a coincidence? Yet not apple-to-apple comparison (jet vs. hadron p; scale)
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HFe-JETS - TECHNICAL PLOTS

_IIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ C 0.5_||||||||||I|IIIIIII L III:
ALICE Preliminary ] o C =
- © 045 imi E
T p-Pb,\sy=502TeV ] T O%E ALICE Preliminary 3
| i ot — é 0.4 p'Pb, \SNN = 502 TeV i
L Charged Jets, anti-k;, R = 0.3, |n’|zb| <0.6 | ] B 3
- . o . = = =
L withec,b — e, 4 < P, < 18 GeV/c, |y|ab| <06 i 8 0.35 = =
n 7 T 03 —
- 1 & - 3
L —— ] 2 025 =
T . o 0% -
i + — 0.2 =
E - E E
= — 0.15— — —
- ] 0.1F- —+ =
- | - —— E
= — 0.05— * | —]
C | | | | | | | | | 1 = =
0 20 30 40 50 50 04_ [ é L1 8[ L1 1|0 Lo 1|2 Lo 1|4 1 l_¢_1| 1 .
?GeV/cB
PP (GeVie) p
T, jetch

z 0.45 [ T T T T I T T T T I T T T T T T T T ]

8 ,4F  ALICE Preliminary E

g F p-Pb, | Sy = 5.02 TeV =

0.35—  Charged Jets, anti-ky, A = 0.3, |11 | < 0.6 —

- withcb —e 4<p <18GeV/c, |ye|<06 3

0.3 = EPOS+PYTHIAS, detector response =

0.25 T e 15< pE <20 GeVie $$ =

0.2 = —o— 40< "f;m <60 GeV/c =

0.15— —

0.1 ? —

0.05/— 9 $+ 3

E %99“ -

0— -0.5 D part
(p et . part

F. Colamaria — Initial Stages 2019

T,chjet " Tchjet” * T,chjet

NYC, 26/06/2019

ALI

CE



Cross section ratio

HFe-JET CROSS SECTION RATIO AT DIFFERENT R %

ALI
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b-JETS - TECHNICAL PLOTS
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D-h CORRELATIONS: ANALYSIS STRATEGY

JHEP 01 (2012) 128

Selected D mesons (including background) used as
«trigger» particles for building (A@,An) angular correlations

«Associated» particles correlated to D-mesons selected via
kinematic (p; > 0.3 GeV/c, [n| < 0.8) and track-quality cuts

Background D-meson candidates removed exploiting
sideband subtraction

Correction for limited detector acceptance and for detector
spatial inhomogeneities via event mixing

Correction for inefficiencies in D-meson and associated
track reconstruction

Removal of B—D feed-down contribution and of
contamination from secondary tracks

Weighted average of D% D*, D** A correlations

Fit to correlation distributions to extract quantitative
observables (near- and away-side peak yields and widths,
baseline height)
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- Average D’, D", D™ ALICE ]
6 4 p-Pb, {5, = 5.02 TeV -
- -0.96 <yP <0.04, |An <1 ]
—~ o 8< P2 < 16 GeVic, p3*°° > 1 GeV/c -
E 4i Total fit E
8 o r —=—=—: Near side
g Bae e Away side ]
%§ i N — Baseline g
o T
1—|2 r 4'/—.;
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O:H‘. [ -—v—”llwi
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ALICE, EPJ C 77 (2017) 245
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D-h CORRELATIONS: p-Pb VS CENTRALITY

Associated yield

Gfit,NS (rad)

NLELELELE ELELELELE ELAL AL AL ELELELELE LA A L L B R L L LI (L SRR N L RLELELE BLELELELE BLELLEL LR
3'SE_ALICE Preliminary T p-Pb, {5 = 5.02 TeV 1-096<y? <004, [an <1 7 COmparison of near-
3F passec 5 0.3 GeV/c x 0.3 < ps°° < 1 GeV/c T P 5 1 GeV/e 3 . .
r T T T T T ]
2.5;— ;ﬁ —;E-#-OQOZNA% if unc. from non-zero V,,, — side peak propertles
of ESEbevch i ] versus event centrality
T = H E %; E
£ - F I =
i ——— P T :
o5 & Nearside T g8 T o= 1 p+1(D) ranges
Og;::::}::::::::::::::::::::::;;::::I::::{::::|::::{::::I::;;:::’E.‘E'}::::}::::};::::::::}::; 3—5, 5—8, 8‘16, 24 GeV/C
0.5 =3 i 3
g ] 1 pr(assoc) ranges
04r = E3 >0.3,0.3-1, >1 GeV/c
0.3 g — s
0.2 B 1 Centrality classes
ot ] 0-20%, 20-60%, 60-100%
b de o 8 (ZNA estimator)
0 5 10 15 20 250 5 10 15 20 25

D.meson P, (GeV/c) D meson P, (GeV/c) D meson P, (GeV/c)

Charm jet fragmentation doesn’t show modifications as a function of centrality above
the current uncertainties

» Possible flow in central p-Pb events taken into account as systematic uncertaint)°

No sensitivity to extract v, via HM — LM subtraction with available statistics
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PREVIOUS RESULTS ON HF CORRELATIONS (LHC ONLY)

Selection of LHCb measurements = [ # FANNE
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LHCb, JHEP 06 (2012) 141
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LHCb measurements for DO-
DO%ar correlations compared

with calculations from k;-

factorization approach, in pp

collisions at 7 TeV

CMS measurements for B-
Bbar production cross section
as a function of A, compared

with predictions, in pp
collisions at 7 TeV

PREVIOUS RESULTS ON HF CORRELATIONS (LHC ONLY)

LHCb, JHEP 06 (2012) 141
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CMS, JHEP 136 (2011) 1103@
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OTHER pPb COLLECTIVE EFFECTS AT LHC %

ALICE
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OTHER pPb COLLECTIVE EFFECTS AT LHC
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OTHER pPb COLLECTIVE EFFECTS AT LHC

ATLAS, HF muon

ALI

CE
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OTHER pPb COLLECTIVE EFFECTS AT LHC O
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