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ALICE

 Why heavy-flavour (HF) production studies in p-Pb collisions
* Open heavy-flavour reconstruction in ALICE

* Measurements in p-Pb collisions:
* charmed-meson production
* charmed-baryon production
* |eptons from heavy-flavour hadron decays
* azimuthal correlations of D mesons and heavy-flavour decay electrons
with charged particles

e Conclusions
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® Why heavy flavour in p-Pb collisions

ALICE

charm and beauty: effective probes of Quark-Gluon Plasma (QGP) in heavy-ion collisions

see X. Zhang talk

Interpretation of Pb-Pb results requires understanding of cold

nuclear matter (CNM) effects in initial and final state:

shadowing/gluon saturation at low Bjorken-x

parton transverse momentum broadening, cold nuclear ma

parton energy loss
constrain them by studying p-Pb collisions

p-Pb collisions not only reference for CNM effects:

could collective effects in high-multiplicity p-Pb events modify

HF particle production?

= study role of collision geometry/particle density

Observables presented in this talk:
- Nuclear modification factor: modification in
p-Pb w.r.t. pp collisions

* Azimuthal correlations of D mesons and HF decay electrons with charged particles: ;.. “,—h?

———
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modification of gluon PDF
in nuclear collisions:
large uncertainties at low x

Roa =

1

dNpa /dpT

<TpA> dapp/dPT

e fragmentation of charm, properties of jets with charm content and possible
collective effects in high-multiplicity p-Pb collisions

Sfde

C.Terrevoli

Open Heavy Flavour in pPb with ALICE




(9  Open HF decay reconstruction

ALICE

= | EMCaLelD

ITS: vertexing, trigger [n|<0.7

tracking and PID e ———
In|<0.9 ~ i
TPC: tracking, Muon
PID |n|<0.9 Spectrometer:
-4<n<-2.5
TRD:elD |n|<0.9 Tracking,
Trigger, plD
TOF: PID |ni<0.9 VO, ZDC: trigger
and event
characterization
Selection and identification: Data Samples:
D-meson and /A\; reconstruction: TPC, TOF p-Pb collisions: v/snn =5.02 TeV
DO = K-t , Dt = K-mttrtt D*+ — DOt Dst = 11t collected in 2013 ~100 M min.bias. events
Nt —=1HKp, Act—pKOs Lint= 48.6 pb-1 (Runt)

Lint for muons analysis:
Muons: Forward Muon Spectrometer. D,B —>u+X || p-Pb: ~ 196 pb-! (4.9 1073 pb-1) for low (high) pr trigger

. <At Pb-p: ~ 254 pb-1 (5.8 10A3 pb-) for low (high) pr trigger
Electrons: 15, TPC, TOF, EMCAL, TRD. D.B —>e*+X|| . llected in 2016 ~600 M min.bias. events

Lint= 292 ub-! (Run?2)
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heavy-flavour hadron studies:
D-meson production in min. bias collisions
and as a function of event centrality in p-Pb collisions



D°down to pr=0

RUN2
ALICE
Run1 results: PRL113 n23 (2014) 232301,
>.. 1 = 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 = PRC94 n5(2016) 054908
& FALICE Preliminary . ; Run2: 6x more statistics
-6 - i 6 3
e R -
'-'; i PP S o ] S 28[8 ALICE Preliminary p-Pb, |'s,,=5.02 TeV S 200 Event-mixing bkg subtracted
$107 ' 5 2 2 10
< F I 1 2 F D’ - Kt R
© C e i o 24 and:r:arggconjugate o 140F
% IR 4 N @ - | GeV/ o 120F
S I . Pp—Pb, \s\ =5.02 TeV | % 22 O<p <1 GeVic § 100F
< O 20F . O 80
10—2 — —(— 0 ~ — B ° Krt ULS pairs 60F
- D” — K =" (and charge conj.) 3 1gf- = = - LS bkg aoF
B N - —— EvMix bkg =
i —=— Prompt,  w/o vertexing t6f- —— TrackRotbkg 2‘; |
a -©-- Feed-down, w/o vertexing 175 18 18 19 1.9 2
3 —+— Prompt, with vertexing My, (GeV/c?)
107 - Feed-down, with vertexing 3
C 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
0 2 4 6 8 10 12
P, (GeV/c)

Standard analysis reconstructs D mesons selecting on secondary vertex: inefficient for pr<1 GeV/c
For DO low-pr analysis:
PID selection, background subtraction method w/o reconstruction of DO decay vertex
» efficiency larger by a factor of 20 at 1<pr<2 GeV/c
e better significance than standard analysis for pr<1 GeV/c
Combinatorial background subtraction via: event mixing, like sign, track rotation, side-band fit
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(® D cross section in p-Pb collisions s

RUN2
ALICE
ALICE-PUBLIC-2017-008

/G 105 __I T T | T T 1T | T T 1T | T 1T 1T | T 1T TT | T 1T | T T 1T |__
‘T> - ALICE Preliminary  p-Pb, |s,,=5.02 TeV
) ;ﬁa ]

Q) -0.96<y  <0.04
0 10* — @ cms =
3. = .
g - - .
o) 5| . Prompt D° i
Q'— 107 @ =
O - & ¢ with vertexing f
Nb § - ® w/o vertexing |
O 102 = -~ =
i —o— §
10g —o— E
| +3.7% lumi, + 1.0% BR uncertainty not shown _
1 E1 1 11 | 1 111 | 1 111 | 1111 | 1111 | I “r 1 111 | im
0 5 10 15 20 25 30 35
P, (GeV/c)

prompt DO pr-differential cross
section with and w/o vertexing
method down to pr=0
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D cross section in p-Pb collisions/»

/G 105 __I T T | T T 1T | T T 1T | T 1T 1T | T 1T TT | T 1T | T T 1T |_|_

S - ALICE Preliminary  p-Pb, |s,,=5.02 TeV

© e i
Q) -0.96<y _ <0.04

0 10* — @ cms =

3. = .

g - - .

o) 5| . Prompt D° i

o 10°F @ E

© - @ ¢ with vertexing E

C\E I bl ® w/o vertexing 1

—

O 102 = Bl =

i —o— §

10g —o— E

| +3.7% lumi, + 1.0% BR uncertainty not shown N _

1 E1 1 11 | 1 111 | 1 111 | 1111 | 1111 | I “r 1 111 |_1'

0 5 10 15 20 25 30 35

P, (GeV/c)

prompt DO pr-differential cross
section with and w/o vertexing
method down to pr=0

pp reference extrapolated
from 7TeV (arXiv:1702.0766)
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D° meson

g ALICE Preliminary
' -0.96<y__ <0.04

@ s =5.02TeV
o

0:
o3 ¢ p-Pb

o (£ 3.7% norm. unc. not shown)

& m pp Vs-scaled reference x A
== (+ 3.5% norm. unc. not shown)

=
—

Systematic uncertainties _3_
|:] Data

A
B feed-down T

+ 1.0% BR systematic uncertainty not shown

o T TTTTT

5 10 15 20 25 30 35
pT(GeV/c)

pp and p-Pb prompt DO
pr-differential cross sections: the
MOost precise measurement
obtained w/o vertexing for
O<pr<1 GeV/c and with
vertexing for pr>1 GeV/c method

ews from
RUN2
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D cross section in p-Pb collisions s
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from 7TeV (arXiv:1702.0766)
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D° meson

g ALICE Preliminary
' -0.96<y__ <0.04
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0:
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o (£ 3.7% norm. unc. not shown)

=

& m pp Vs-scaled reference x A
== (+ 3.5% norm. unc. not shown)

=
—

Systematic uncertainties _3_
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+ 1.0% BR systematic uncertainty not shown
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RUN2

’G EI T 1T | T T 1T | T T T | T T T | T T T | T T 1T | T T T | E
T, - ALICE p-Pb, 5 =5.02TeV ]
o  ,l©
O 10°F o E
o) S D" meson ]
= [ e 0.96<y _ <0.04 i
-U. < <V.
S e -
E - ¢ sample, preliminary E
o & R 2016 sample, prel
-o - —
B 10°: e = 2013 sample, published 3
G - o PRL 113 (2014) 232301 7
L =U= |
10 =
. —— ]
1 L Open box: syst. unc. from data _
§ Shaded box: syst. unc. from B feed-down subtr. E
[ +3.7% lumi. and + 2.5% BR syst. unc. not shown ]
C11 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1l

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

prompt DO pr-differential cross
section with and w/o vertexing
method down to pr=0

pp and p-Pb prompt DO
pr-differential cross sections: the
MOost precise measurement
obtained w/o vertexing for
O<pr<1 GeV/c and with
vertexing for pr>1 GeV/c method

prompt D+ pr-differential cross
section with vertexing method in
vs Run2 data:
e uncertainties reduced by a
factor of ~2
e extended pr coverage, for all

D-meson species
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d_ e e . _
D-meson Rypp 5l | Newstrom
Rypo = (4o . RUN2
ALICE x F)pp b e
ALICE-PUBLIC-2017-008
o) _IIII|IIII|IIII|IIIIIIII|IIII|III||| o) _IIII|IIII|IIII|IIIIIIII|IIII|||||||
mnd 2'5- ALICE Preliminary -0.96<y__<0.04 Q:Dd 2'5- ALICE Preliminary -0.96<y __ <0.04
| p-Pb, |5,,=5.02 TeV | p-Pb, |54=5.02TeV  a Average D°, D, D~
2__ o p°
i + D;
—H— 1.5 -

Illllllll*l L1 1 | I I | | I | |_

OIIII|IIII|IIII|IIII|IIII|IIII|IIII|II

0O 5 10 15 20 25 30 35
pT(GeV/C)

Nuclear modification factor
DO ,D+,D™+ meson Rypp cOmpatible
within uncertainties

0.5

Illllllll*l | | I O | | I I | |_

OIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 5 10 15 20 25 30 35

P, (GeV/c)

* Ropo compatible with unity
* but central values larger than 1 in 2<pr<12 GeV/c
* Average of non-strange D-meson Rppr cOmpared to
Ds Ropo: agreement within uncertainties
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D-meson Rppp .. &)

ALICE-PUBLIC-2017-008

o) _I||||||||||||||||||||||||||||||||||||_
o
Q:Q 1 6Z_A_LICE Preliminary p—-Pb, |/sy=5.02 TeV _Z
E Prompt D mesons, -O.96<ycms<0.04
1414 = = Average D°, D*, D*'

|III|Illlllllllmllllllllll

0.4 --=-' CGC (Fujii-Watanabe)
—— pQCD NLO (MNR) with CTEQ6M+EPS09 PDF
02 ==~ Vitev et al.: power corr. + kT broad + CNM Eloss
I Kang et al.: incoherent multiple scattering .
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_
0 5 10 15 20 25 30 35

'  News from
~ RUN2

P, (GeV/c)

g _I T T T | T T 1T | T T 1T | T T 1T | T T 1T | T T T | T T 1T | T I_
o, | ALICE Preliminary p—-Pb, |s\=5.02 TeV ]
1.6~ —
- Prompt D mesons, —0.96<ycms<0.04 i
1.41F I\ = Average D°, D¥, D* _:
1.2ff ¢ ¢ H -
\-<\“\ \ L ’ :
0.8::, R -
B E
0.6‘? ]
0.4]- -
- ----- Duke .
0o — ' POWLANG (HTL) ]
[ -.-.-- POWLANG (IQCD) :
_I 1 1 | | 1111 | 1111 | L 111 | 1111 | 1111 | 1111 | | I_
0O 5 10 15 20 25 30 35
[N (GeV/c)

Models including

« CNM effect only are compatible with data

* incoherent multiple scattering describes
data within uncertainties for pr> 5 GeV/c

Models including

 QGP formation also in p-Pb can describe data at
low-intermediate pr

Data do not favor a suppression larger than 10-15% for

5<pr<12 GeV/c

* larger differences between models at low pr
= need more precise pp reference at low pr to disentangle between models
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D-meson production vs multiplicity

(dNP/dpr)

HLICE Centrality determination in p-Pb Q —
Phys. Rev. C 91 (2015) 064905 pPb
o) rr 1710171001717 17 117 17 17 17 17T 17T 17 17T 17 17 17 17T 17 17 17T 17T 17T 17T 7 T T T T 71T
o 5T | | | | |
S “°L ALICE Preliminary D° meson
@] -
L p—Pb, \5,,=5.02 TeV -0.96<y <0.04
2

—*— 0-10% ZN energy

—+ 60-100% ZN energy |

I

20 25 30 35
[ (GeV/c)

% 5 10 15

Classes obtained slicing the energy
deposited in neutron calorimeter on
Pb-going side (ZNA)

Crb in Most central (0-10%) and
peripheral (60-100%) centrality ranges
are compatible within uncertainties and
compatible with unity

(Tppw) % (do®P/dpr)pp

2.5IIII| IIIIIIIIIIII | IIIIIIIIIIIII I_

(Tpl’b‘ ) =

[T [ [
- ALICE Preliminary
[ p-Pb, \5,,y=5.02 TeV

e D’ mesons, 0-10% ZN energy

¢ Charged particles, 0-5% ZN energy

0.5

1.5f

—_
LI T T T

coll > i News from
Onn RUN2
£ 25 T T T T T m
@]
- ¢+ D°mesons, 60-100% ZN energy

* Charged particles, 60-80% ZN energy

DO Qupp In comparison with charge-particles Qopo
 slight different centrality range
e agreement within uncertainties
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D-meson production vs multiplicity

dNP/d | .
H LICE Centrality determination in p-Pb Q Ph = ( / pT)pr (T - ) . <NCO]| >' News from
Phys. Rev. C 91 (2015) 064905 p -
(Typo) % (4GP /dpr)pp ; OxN RUN2

i 2.5_| 1T | 1T 1T | T T | |||||||| | T T | 1T T | T I_ % [T T 1T | LI | T 1T | T 1T | L | T T | T 1T | T T_]
QQ - ALICE Preliminary D° meson - O 2:_ ALICE Preliminary D° meson B
i p—Pb, \/%:5'02 TeV —O.96<ycms<0.04 ] 1 .8:— p—Pb, m=5_02 TeV —O.96<ycms<0.04 _:
2 N 1.6 -
- —*— 0-10% 2N energy — B 7
- —+—60-100% ZN energy | . 1.ar w $ E
15/ - @ 12 & $$ ﬁﬁr -
i 1;_ ................................................................................... i r;
1 11 @ 0 sﬁ 3
i ] 0.6 -
0.5~ - 0'4:_ Central: 0-10% ZN energy E
i 7 0.2:— Peripheral: 60-100% ZN energy —:
0 _I L 1| | | .| | | | | L 111 | | | | | | | L 111 | | I_ 00:I — \Fl) — I1 |0I — I_I |5I - I2|OI - I2|5I = |3|0I - I3|E)I I:

0 3} 10 15 20 25 30 35 GeV/
[ (GeV/c) P, (GeV/c)

Classes obtained slicing the energy
deposited in neutron calorimeter on
Pb-going side (ZNA)

Crb in Most central (0-10%) and
peripheral (60-100%) centrality ranges
are compatible within uncertainties and
compatible with unity

Ratio central/peripheral: more precise measurement
- independent from pp-reference and several
systematics uncertainties cancel in the ratio
Qcp>1 in 3-8 GeV/c with 1.7 o
- Initial- or final-state effect?
- Possible influence of radial flow on HF particles in p-Pb?
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heavy-flavour hadron studies:
A. production in p-Pb collisions
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Ac measurement in p-Pb [ ewsieon

RUN1
ALICE . e R — | .
/¢ Cross section measured with 2 different techniques in 2 different decay channels: pKm, pK9s
D L L L - D today QCD morning session
8 - p—Pb, m=5.02 Tev +\01.4: E/FT,<\F(3);7TeV ALICE Preliminary ]
% B Ag 1 < 1 o —e— data (D° from arXiv:1702.00766) _
B0t m mmmmea o Lmmmmn
~— - pKr* and pK_ analyses 7] O -.-.- DIPSY (ropes P-FD, \Syy = 2.0 Tev — . .
g 0.96<y <004 : e HERNIGT 0se<y, <004 1 |Ratio A¢ /D9 agreement in
& | - I B —— Gl mos oo | | PP @and in p-Pb collisions
I 1035— » —— POWHEG T 06 H - * models well describe
T f —#—  wncrsmor | 04 E DO cross section
o ] | 02;
20 | 2 —
10 § E § ‘.::.’T =i : | i
- ] 0-% 5 10
- ALICE ] p. (GeV/c)
105 Preliminary .
~  + 3.7% lumi. uncertainty not shown .
- ! ! ! | ! ! ! ! | ! ! L
O] —-—
ot 10F - :
CU; Z
Ol 1 L. V4777722777777
o 1
= b . ]
0 3 10
p_ (GeV/c)

Tension comparing with models
e caveat: tuned on previous
measurements
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A measurement in p-Pb

News from
RUNT1

ALICE . . . . . .
/¢ Cross section measured with 2 different techniques in 2 different decay channels: pKm, pK9s
D -+~~~ 1 T T T 1 T 3@, F" " T T today QCD morning session
&) B 1 < 14 pp, Vs=7Tev ALICE Preliminary
< - p-Pb, H =5.02 TeV 1 +o - |y|<0.5 i
% B Ag 1 < 1_2__—i/—data (D° from arXiv:1702.00766) _
(5 10 —@m—  combination of = T PYTHiIAS (O Medko) :
g - pKr* and pK0 analyses . 1.0~ -.-.- DIPSY (ropes) p-Pb, \[s =5.02TeV . ]
g 0.96<y <004 : - reAwie7 096<y,,<004 1 Ratio Ac/DO: agreement in
o - I B Gor oo s osss | | PP and in p-Pb collisions
10 POWHEG -  06[ H — * models well describe
= PYTHIA6 7 - . :
% - —®— it EP+809 nPDF | 0.4F . DO cross section
5 | 1k :
2| ] 0.2 -
1 O § E § _1?:.— """ : -. I._,. = :
C 1 % 50
- ALICE ] p. (GeV/c)
10k Preliminary B Acvs DO Rpr
; * 3.7% lumi. uncertainty not shown ; g HRELEEEN B B B L B B
e Q:Q' 1.8:— ALICE Preliminary B
O] i —-— N [ p-Pb, |5, =5.02 TeV
ot 10 - = 1.6E 0.96<y__<0.04 .
8% 1 | 1.4F n ] Ne Rppo
g . . ; Jof — il 1lcompatible
0 5 10 : NI 1 Wi i
| ## i N i S / ------------------ 4 | with unity
p. (GeV/c) : - A BT | \withi
0.8 H é}w SRR — - wItnin
0.6F 4/ uncertainties
0.4F i — P?kYV gTE%ﬁEéTglfgog PDF (A) .
. . . A T wi + c E
Tension comparing with models b et ooy  SOWLANG rsport model :
. : i S. nev. no.s, (charmed hadrons) .
. Caveat. tuned On preV|OUS O_III|III|III|III|III|III|III III|III|III|III|III|III|III_
measuremen’[s 2 4 6 8 10 12 2 4 6 8 10 12
P, (GeV/c) P, (GeV/c)
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electrons and muons
from heavy-flavour hadron decays
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Heavy-flavour hadron decay lepton Rppp

central rapidit
ALICE 25— L APIGIY]
| p-Pb, {5, = 5.02 TeV ALICE |
[cb—(e"+e)2,-1.065<y  <0.135 I
2._ -
; PLB 754 (2016) 81
’ 5:_ c,b—>e _
g | L |
Q J
c | | _
: . . j ~ %Kang et al.: inéoherent multiple scattering :
Rpr consistent with Uﬂlty 0 5’_ N Sharma et al.: coherent scattering + CNM |
e also consistent with gt ! I FONLL + EPS09NLO shad.
. ) = Blast wave calculation
enhancement in _ I.Normalllisation Iuncertailnty 1 1
1< pr<6 GeV/c as seenin 0o 2 4 6 8 10 12
d-Au at sun =200 GeV p, (GeVic)
(PRL 109 (2012) 242301) 3
» described by models o TThGse T  alice
including initial-state effects or @ p 5[ P 1sw-s0Tev105<y, <0t .
. . . . T B FONLL + EPS09NLO shad.
Wlth radlal ﬂOW Wlthln [ #22 Blast wave calculation
uncertainties 28 g era oo o s ]
; 5: b(—>c)—>e
1_;. --------
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llllllllllll
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ALICE
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forward rapidity
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T

:P‘bl\ ISNlN'=I5t0'2 'Tév' T T l T T T l T T T I T L) ALllc'E' T
tHF, 2.03<ycms<3.53 (p'90|ng) x~1 0_5

= T

——— pp rescaled reference
—e— PP pT-extrapoIated reference

IIIIIIIIIIIIIIIIIIIIIIIIII]I

I]III

E Z="2=1 NLO (MNR) with EPS09 shadowing

Vitev: coherent scattering + k; broad + CNM Eloss

- B Systematic uncertainty on normalization
lllllllllllllllllllllllll

Coao a1

0 2 - 6 8 10 12 14 16

PLB 770 (2017) 459 p, (GeVic)

Different rapidity ranges allow
access to different Bjorken-x regimes

» forward production consistent
with no nuclear modification

* hint of enhancement at
backward rapidity at low pr

» described by models including
CNM effects

Heavy-flavour hadron decay lepton Rppp

Rpr
NN
N A~

el —_ o
O N H OO L NP N

o LI

backward rapidity

o ' Backward:
= P Pb-going
I L) I ] vl I I I A L) I I I L) I L) L) L) I L) L) L) I ] L) I l ] L) L)
-Pb \SNN =5.02 TeV ALICE
“HF,-446 <y__<-2.96 (Pb-going)  x~10-2

= O

—e—— pp rescaled reference

—— Pp p-extrapolated reference

L1l lllIlllIlllIlllIlllIlllh

S >
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_______

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

-

SEeatEe

— "= Kang et al.: incoherent multiple scattering
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B Systematic uncertainty on normalization
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D-hadron azimuthal correlations

Azimuthal correlations of D mesons and HF decay electrons with
charged particles access charm fragmentation and jet News from

. RUN2
propertles IN presence of nucleus
L L D L e L LR L LB LR L) L LA LR DL DL LA LA DL AL LA
D meson-charged hadron correlation 5<p® <8 GeV/c, p***™ > 0.3 GeV/c
o 4' Average D°, D, D™* T _ o | 8<m<t6Gevic.prr>0sGevie | |\ery promising
o] — _ D - T aseline-subtraction uncertainty (pp T m . .
S| HentemTTeV ., <05 1 | ALICE Preliminary | [reference in view of
o EPJC 77 (2017) 245 baseline-subtraction uncertainty (p-Pb)
S L - pPbs,=502TeV,-096<y> <004 | 1 11 Pb-Pb studies
_‘g - 3<p? <5GeVl/c, pI***>0.3 GeVic T 3% scale uncertainty (pp) E 1% scale uncertainty (pp) 1 INear side: modification
: — A0l <1 % ; T +4% ; T T :
é N 2- Anl < 4137 scale uncertainty (pp) 1 “4 scale uncertainty (p-Pb) [ é “% scale uncertainty (p-Pb) | Of parton frag mentation
2= | "t scale uncertainty (p-Pb) Ly, | +F | |Away side: look for yield
| ] .
N + it | *2 D PSL *r #++ 1 [suppression, path-length
O - gt by e ‘lel """" I'""'I'*'#I" 77 |dependence of energy
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A (rad) A (rad) A (rad)
No modification observed in p-Pb compared to a pp reference after baseline subtraction
o TAFa mosooe 1<pczoavic  § 5<pd<sGevic<picoGoc
€ 1.2F Average D°,D*,D*  ALICE F Simulations, pp, Vs = 7 TeV ;
o 1 5 |- 05, anl < —— PYTHIAS8, Perugia 0 .
= o8k Vanal <05 1801 < PYTHIAG, Perugia 2010 Run1 results:
% "B p-Pb, {5y = 5.02 TeV —— PYTHIAB. Peruaia 2011 ] EPJC (2017) 77: 245
& 06 B baseline-subtraction uncertainty "= PYTHIA8, Tune 4C E ST
0.4 ; .—— POWHEG+PYTHIAG E Run2: significant
3 . jcf: scale uncertainty N 4o Scale uncertainty 3 . .
21S 0.2 _ \ - iIncrease of precision +
3° op- e ST -G - - - o= - - - - . access new pr intervals
—='-0.2 E (see backup)
0 05 1 15 2 25 30 05 1 15 2 25 30
- Ao (rad) A (rad)

Correlation distributions and their pr trend well described by models
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HFe-hadron azimuthal correlations

ALICE Azimuthal correlations of D mesons and HF decay electrons with
charged particles access charm fragmentation and jet Ne‘é"ﬁ:{;’m
properties in presence of nucleus
1._’\ — [ [ l [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ l [ [ i
S 0.7 ALICE Preliminary (c,b) — e - charged particle correlation —
= el PPP\s=5.02TeV 54 pe <4.0GeVic, 126 <y? <0347
o — _
§2 3 osE Al <1.2 0.3 < P2 < 2.0 GeV/© E
E —0— - otr : P~ ;

Sl e e o 0.20% ZNA class Elk distributions corrected for efﬂcenmes |
M AR = = 20-60% ZNA class 1 |* electrons from baokground (mlam sources:
% 03 Y +60-100% ZNA class  €-h 1| gamma conversion and 1o dalitz decays)
—g - e == —o— 1| subtracted with invariant mass technique

C 0.2 ~0— 5@5-8-—¢— —
2 - == T=f= -
04 == =4 e &= =
- =0 -Q= == == -
O_O$_;%:_ --------------------------------------- =§= s TP PP OO $ﬂ_:
—0.1 f—- Baseline stat. unc. 0-20% 3:/ o Syst. A(p-u!ncorrelated unc. 3
- @ Baseline stat. unc. 20-60% 1% Syst. unc. in |Ag| < 1 -
0.2 Blaseline stlat. unc. 6(|)-100% |not showr|1 | 1 —
| I_1 | | | | o | | | | 1 | | | | 2 | | | | 3 | | | | 4 | | | | 5 | [
Ao (rad)
Increased statistics of Run-2 sample allows us to study
correlation in classes of centrality (ZN slicing) and look
forward for possible flow modulation in central events
—> stay tuned!
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Conclusions

ALICE results on open heavy-flavour production in p-Pb collisions at y/snn =5.02 TeV

e Compatible results with Run1 analysis, better precision, extended pr coverage

* Rypp Of charm mesons, baryon and leptons consistent with unity and models
iIncluding CNM

* D Ryprp central values >1 in 2<pr<12 GeV/c and described by CNM; disfavour
QGP models that predict a significant suppression at high pr

e Multiplicity dependent measurement: Qep>1 at 1.70 0-10%/60-100%.
From initial- or final-state effects” radial flow in p-Pb?

e No significant difference between pp and p-Pb collisions for azimuthal
correlations of D mesons with charged particles in minimum-bias p-Pb, precise
measurement, good reference for next Pb-Pb runs

More differential measurements are ongoing
We are looking forward to the pp run at 5 TeV in December to
perform a high-precision measurement of the pp reference
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ALICE

Backup
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p-Pb collisions: event-activity estimator (¥

Centrality in p-Pb collisions: Phys. Rev. C 91 (2015) 064905 ALICE
biases in the determination of <Nc¢oi>
- multiplicity fluctuations, jet-veto bias, geometrical bias

- Lose correlations between Npart, multiplicity %, T‘éggzaj::” e
and impact parameter b *5102 r=110Kk=00

= bias depends on estimator used for multiplicity g
determination

Experimentally: 10*

VOA: <Ncoi> determined by Glauber fit of VO amplitude
ZNA: <Ncoi> obtained with a “Hybrid method”
» slice events in ZN energy (Pb going side) 0 100 20 300 \'/Z'E'F;gq;\;n;p'"stﬁ%e o
* <Ncoi>in ZN energy class obtained by scaling
the minimum bias value with the ratio between the
average charged-particle multiplicity at mid rapidity
In the same class and that measured in the minimum
bias sample

(ANP/dpr)
(Tpr> X (dGD/de)pp

10°

- ALICE p-Pb |S,,, = 5.02 TeV 3

A
- * Data ‘ .
10°k SNM-Glauber sonno -g}QM

|||||||

1 2 % 4 5 85 T 0»

Events (a.u.)

See TTTT

Q

QpP'b —

investigate charm production in p-Pb collisions
w.r.t. pp collisions: possible multiplicity

dependent modification of the pr spectra in p-Pb? =50 40 80 80 100 120
E,, (TeV)

15



% Feed down: data driven methodrasim

ALICE-PUBLIC-2017-008 RUN2
ALICE
T U R _ ‘21-2_ """""" BRI I UL I
£ [D —Kxm and charge conj. 18 ! ALICE Preliminary
5 [ 3<p <4GeVi foompt = 0-9740.02 1 T
10°F --- Prompt E i
- - - From B ] -
[ -... Backgr ] .
102k — Sum . i
- ] 0.6F
i ] - p—Pb, |5y = 5.02 TeV
10 ¥ | I i
: 0.41 [__] FONLL-based method .
L/ \ 1: ®  |mpact-parameter fit i
1E , AN E 0.2 _
4 N 3 R
/ \
’ ' 1Y N _ [
A B R T B I S 0'....|..H|....|....|....|....|H..|.'
—-600 400 200 O 200 400 600 0 5 10 15 20 25 30 35
Impact parameter (um) p_ (GeVic)

Measured raw yield includes prompt D and feed-down D

* Fraction of prompt D mesons usually estimated using theoretical predictions of production cross section
for prompt and feed-down D mesons

* An alternative data-driven approach exploits the different shape of the distributions of the transverse-
plane impact parameter to the primary vertex (d0)

* Fraction of prompt D+ measured via an unbinned log-likelihood fit of the d0 distributions of D+
candidates in the invariant-mass region of the signal

Agreement between data driven method and FONLL-based method.

Comparable uncertainties 3<pr<16 GeV/c
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Ac signal extraction in p-Pb

x10°
‘\b N e ’: 1)
> | p-Pb, |5, =5.02TeV 5 <
S 8.0 = - I I
O O . 1 1 1 1 1 1 1 1 1 1 1 A
‘7: i - V N ) i _
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Qo | 2 > L } _ i
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W 7.0f4~" 4 ! 1 Wsst D 10*F Ag —
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o | 1 2.0 o I 1
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< : 0
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c | c ] [~ ]
W ook w + + |+ 3.7% lumi. uncertainty not shown -
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D-meson reconstruction

ALIEE

full reconstruction of D meson hadronic decays at mid rapidity
- signal extraction through invariant mass analysis
- particle identification to reduce combinatorial background

ct ~100-300 um: displaced decay vertex is a signature of D-meson decay L

B Iiblhghl lne—, _ .-~~~

tracking and vertexing precision
crucial for heavy-flavour analysis

f~—
primary secondary vertex

) *-~—;7‘4-"""'/”[)r onstructed momentum

-

K

WO— 300 | '
|TS: yertexmg, i . ALICE .
' tracking S 250¢ charged particles = 11 A 10
; ! 1o 1F -
I I C
200" » pp (s=7TeV . 09F S .
- i : = p-Pb s, =5.02 TeV j 0.8 — "
150 ® Pb-Pb s, =276 TeV - o7F
[ : ) 1 o06F | 102
100~ *s, 4 osf »
I 4, A : 045 p-Pb |5, =5.02TeV
N . o 10
50 .'ﬁﬁ!g ¥ B 03
L e > ) £ . :_
I MR *> @ | 0.2 C
?0_1 I 1 “Int. J. Mod. Phys. A119,1430044 2014) %1005 1 35 4 45 5 |

P, p_ (GeV/c)
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D-hadron azimuthal correlations

Azimuthal correlations of D mesons and HF decay electrons with
charged particles access charm fragmentation and jet
properties in presence of nucleus

News from
RUN2

d Nassoc
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+14% .
119, Scale uncertainty (pp)

- 7 scale uncertainty (p-Pb) ]

Very promising
reference in view of
Pb-Pb studies
Near side:
modification of
parton fragmentation
Away side: look for
yield suppression,
path-length
dependence of
energy loss

Run1 results:

EPJC (2017) 77: 245
Run2: significant
increase of precision +
access new pr intervals

0:_ '+q.‘"&*t """" _""#ﬂ; L e iyt ol
I RS- I B S e - - B B
Ag (rad) Ag (rad) Ag (rad)

Open Heavy Flavour in pPb with ALICE



(® D-hadron azimuthal correlations

ALICE

6_IIII|IIII|IIII|IIII|IIII|

5[ —4— p-Pb, Sy, = 5.02 TeV
©0.96<y° < 0.04, A <1
- 5<pP<8GeV/c, p** > 1 GeVic

Total fit
— — =~ Near side
......... Away side
.......... Baseline

I~
L \\
O_I_J_J, IN_J_I | | | | I__L_J

505 1 15 2 25 3

A (rad)

"~ Average D°, D', D*  ALICE Preliminary -

Quantitative observables extracted
from the fit:

Near-side yield
Near-side width
Baseline value
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e-hadron azimuthal correlations

®

ALICE

o
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0
- Main background sources are electrons from 1t and n (Photon

gl
' : " " 8 . Cut applied:
conversions in the detector material and Dalitz decays) . 0,14 GOV/C?
- Background subtraction is performed using the invariant mass 5, :
method: pair with low invariant mass are selected (<140 MeV/ P T
c ). Like sign pairs are used to subtract the combinatorial "Like Sign
baCkground o; BT 20115' 0z o0z 03
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(® HFe-hadron azimuthal correlations

ALICE Azimuthal correlations of D mesons and HF decay electrons with Pl
charged particles access charm fragmentation and jet i Ne‘é"ﬁ:{;"‘
properties in presence of nucleus R
,g 1.6 S ——— ———  0-20% ZNA Mull_ class
— _ Basaline stal. unc. 0-20%
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—111L11 ll | — 11'11'11'11'111111111111
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Increased statistics of Run-2 sample allows us to study
correlation in classes of centrality (ZN slicing) and look
forward for possible flow modulation in central events
—> stay tuned!
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® D-meson production vs multiplicity

D
HLICE Centrality determination in p-Pb Q Pp = (dN /de)ppb (T Pb- ) . <NC0" >i News from
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Pb-going side (ZNA) strange baryons = and Q) at mid-rapidity
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. L . * hint of mass dependence of the Ropo
compatible within uncertainties and
compatible with unity
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