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Baseline for Pb-Pb
collisions

. Additional information accessed

0 and ¢ quarks: ideal

formed in Pb-Pb
collisions

Constrain Cold Nuclear Matter

(CNM) effects

Drobes to study the QGP

with correlations and jets

S

o -

d

Jet production (and

uppression) and jet

properties

Heavy-quark fragmentation in

ifferent collision systems

Shadowing or gluon saturation

Parton transverse mo
oroadening and cold r

E
mentum
uclear

matter parton energy

Henriqgue Zanoli

mechanism

eavy-quarks production

iptic flow and collective-like

e

Tects?




ALICE Collaboration 15 September 2017

Physical observables

Nuclear modification factor of
fully reconstructed D mesons and
of leptons from heavy-flavour
decays

Modification in p-Pb with respect
to pp collisions

Compare the production as
function of multiplicity

R — 1 d20ppb/dedy
F A d%0,,/dprdy
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Physical observables

Heavy-flavour jets :
charged jets tagged by
fully reconstructed D

MeESONS

Access 1o heavy-quark
fragmentation

Henrique Zanoli
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Physical observables e .
Two-particle LO simplified picture Near side ‘..
correlations of particles ’ "'-..ASO

from c/b quarks (heavy-
flavour electrons or D
mesons) with charged
particles

Sensitive 1o the
recoil jet

Sensitive to
...... modifications in the
. , fragmentation function
Away side”

particles that come from the

Measurements as bulk (collective effects, initial
conditions) and from heavy-

function of prteger flavour production (production
and prassec mechanism, jets)

\’\‘4 ........ Exploring properties of

Henriqgue Zanoli
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ALICE detector

I TS: vertexing
and tracking

in| < 0.9

TPC: tracking
and PID
‘n‘ <0.9 | s&AE

-

TOF: PID
‘rl ‘ < 0.9 ya = VOs and ZDCs:
7 rigger an
Dataset: t g‘ge .a. d
0-Pb 5.02 TeV recorded in 2016 multip 'Q'ty/
~ 600M MB events (x6 more events than Run 1) centrality
Lint= ~290 pb-1 determination
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D-meson reconstruction
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- ALICE can identity D mesons using fully

reconstructed hadronic decay

M (GeV/c?)

¢t (Um)

decay

BR (%)

123 3.93
1.870 312 K-+ 9.46
2010 | =83.3 KeV| DK+ | 67.7 x 3.93
1.968 150 D(K-KHre+ D07

- The signal is extracted from invariant-mass

distributions

Secondary vertices are few hundred um displaced with
respect to the primary vertex

ions and PID are performed in order to

Topological selec

reduce backgrour

Henriqgue Zanoli

d

= (1.866 +0.002) GeV/c

_I [ | T T 1 | T T 1 | T T 1 | I
- ALICE Preliminary D' - K n*r -
— p-Pb, Sy = 502 TeV and charge con,;. ~

— 0= (16 = 2) MeV/c? —
" S(30) = 198 + 22 7
T = AN, S Tl
3 + -
- 24<pT<36 GeV/c -
:IIII|IIII|IIII|IIII|IIII|IIII|III_
1.75 18 185 1.9 1.95 2
M, (GeV/c?)
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D-meson production as function of centrality

2 nyprompt D cent 2 arprompt D L\ 0—10 0—-10
chnt L (d N /dp dy)PPb Q (d NPOIP /dedy)pr <713Pb>
pPb — ¢ 7 _promptD CP — 60—100 —
(Typp)eent x (d2op, /dprdy) (d2NpromptD /4 pTdy)pr (T, pp, ) 60—100
C 2" AUGEPwliminay  D'meson |~
E p-Pb, Y5\=5.02 TeV i E ¢ D? mesons, 60—100% ZN energy E 1 .63— —
2_ ] 2 = Charged particles, 60-80% ZN energy ] -
e D°mesons, 0-10% ZN energy - B 7 1.4 ]
- * Charged particles, 0-5% ZN energy E E E 1_23_ $$$$$ ‘$“$‘ _:
1.5 — 1.5 Wl — B -
_m; ] : ~ﬂ— ] A R f I-
-] 1 I | U\ 1 Oﬁ% ! _;
1EEH “‘* — W Tl —?
+ ] / L 0.4F- -
0.5 — 0.5+ — ~  Central: -10% ZN energy _
- i | i 0.2 Peripheral: 60-100% ZN energy —
OO_ lll51”l11101”1115”1121011”215””310””315l : OO— lllél”11101l”1151”121011”215””310””315l - OO_I l I5|I - I1|0I i I1|5I i I2|OI i |2|5l ) I3|OI N I3|5I -

p. (GeV/c) p. (GeVic) p. (GeV/c)

Hint of Qcp >1 in 3-8 GeV/c with 1.70

s it an Initial or a final state effect?
Possible influence of radial flow on heavy-
Slightly different centrality ranges flavour hadrons in p-Pb collisions

DY Qupp agrees with charge-particles Qupp
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D mesons In jets

Charged jets reconstructed with S [ AUCEPrimnay -
. > = p-Pb, | s, = 5.02 TeV =

-astdet (a ﬂtl-kT) & - ghargveiets, Anti-lfT, R=0.4,n | <05 -
o - with D*, p_ . >3 GeV/c i}

. , E 1F P « Data =

D meson required to be one of the jet oS Els Syst. Unc. (data) -
. Bla™ E . o POWHEG+PYTHIA6 -
COﬂSUtU@ﬂtS © 10 = 0 . Syst. Unc. (theory) 75
| - ; -

Down to jet pt =5 GeV/c 102 =
- ! =

Data is reproduced by S .0 IR
POWHEGH+PYTHIA 6 within SRR 1 R R S — + ------------------------- f
. 4 S =S| SN S K IS NS E
uncertainties s Ly E
05: - 1|0 - 1|5 "" 2|O - 2|5 - ’3:>O

P T,ch jet (GeV/c)
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D meson - hadron correlations: method

n-llllllllllllllllIllllIllllIlll-I

%1400; D'— Kz*n* and charge conj. - Sideband region
=

 5<p.<8GeVio 1 rrelation is -vent mixing (limited
0 1200F - acceptance and
Emoo:— | u=18702:0.4Mev/c®]  normalized to the inhomogeneity effects)
E : 6=9.940.4 MeV/c* - background

e - Corrected by
contribution under the reconstructior

signal. Then they are efficiency (D and
subtracted from signal ~ hadron)
region + background . B 5D feed dowr

1.75 1.8 185 1.9 195 2 contribution correlations  subtracted using fit
Invariant Mass (Knr) (GeV/c?) templates

Run 1 Results: Eur. Phys. J. C /77
(2017) 245

Henriqgue Zanoli



ALICE Collaboration 15 September 2017

D mesons - hadron correlations in p-Pb
3<ptP<h5 5<ptP<8 8<ptP<16 16<ptP<24

- Results in different D meson o
Vv — 1.4 3< p? <5GeV/c, 1< p$33°° <2 GeV/c 5< p? <8GeV/c, 1< pfs“ <2 GeV/c 8 < p? <16 GeV/c, 1 < pfs“ <2 GeV/c 16 < p$ <24 GeV/c, 1< p:35°° <2 GeV/c
' ‘ 5 1.2 | T |
(trl gge r) and hadron (a SSOCI ate) P1 § % | P meson-eharged hadron corelaton ALIGE Preliminary TE&?&%‘?}EJQTJ:V R ovTHIA Tune 4
2 % 0.8 Average D'.D".D —— p-Pb, |5, = 5.02 TeV PYTHIAG, Perugia 2010 \ \| — POWHEG+PYTHIAG
ra n g eS % § 06 -0.96 < }’Ems <0.04, |An| <1 B baseline-subtraction uncertainty ¥ \ — PYTHIAG, Perugia 2011 \ % < cale uncertainty
o ’\I eW :)_ P b d ata S a m p e O.’.'-’.'e I'S v % s 8‘2]' 7 ", scale uncertainty \\ ", scale uncertainty \ ", scale uncertainty \
Pd ) ) E N 4 I N = Nee ,,//1
. . © OF - - = —mogro=t=e=®&" " " _ - —~— St T - T - - - - -
petter precision when compared to o2 ] +
. . R T A mae oo 2 - - e n m o SR SR
Qun (N 6X mOre StatISt|CS). QP {C-; 1:_ 3<p$<5GeV/c,2<piss°°<3GeV/c_;;'5<p$<8GeV/c,2<p$SS°C<SGeV/c 8<p$<16GeV/c,2<p$33°°<3GeV/c 16<p$<24GeV/c,2<p$SS°°<3GeV/c
N S 0.8F +
. H | g h er pTD a n d pTaSSOC § %/ 0. 6;— j:f: scale uncertainty _:_ j:f: scale uncertainty j:f: scale uncertainty j:f: scale uncertainty
0p) N - I
. ®© o 0.4 -
accessible — S ot ]
Q. gls F '-\ e
il [ T8 0 =R 1 g uer®— _ _ _ _ _ |  _S=hee gt T T _ __
: : : Vv =zl OF Sl Saieaane s cunaeiain i S e conanaibiinils :
- FIrst quantitative access to N 02k £ :

. _0'4-_::::::::::::::::::::::::::::::::_-_::::i::::i::::i::::i::::i::::i:: ::::'::::'::::'::::'::::'::::':::: """"""""""""""""
away Slde — 1— 3<p$<5GeV/c,p$SS°°>3GeV/c —;;'5<p_'?<8GeV/c,p$ss°°>3GeV/c 8<p$<16GeV/c,p_"Fss°°>3GeV/c ';;'16<p$<24GeV/c,p$ss°°>3GeV/c '
o The COrrelatlon funCthn Of D—h |n L'\(/) E 2:_ " scale uncertainty _ "+ scale uncertainty " scale uncertainty "2 scale uncertainty ;
D-Pb collisions is described by S B g4
2 [
PYTHIA tunes and POWHEG + © 48 o2
—_ . . . . Q. 4o OF
PYTHIA within uncertainties v = 1 |
o 005 1 15 2 25 30 0. 1.5 1.5 5
A (rad) A (rad) A (rad) A (rad)
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Near side yields
(obtained using
gaussian fits) described
by models within
uncertainties.

Similar trend with
angular distributions
and momentum
ordering of NS
associated particles in

data and simulations.

Henriqgue Zanoli

"""""""""" LN L L L L L BRI I AL DL L B L IR B
3— Near Slde ALICE Prellmmary —+ -0.96 < y? <0.04, |An| <1 -
5 52_ piSSOC > 0.3 GeV/c + I 0.3 < pissoc <1GeV/c p?SSOC >1GeV/c E
= F + Simulations, pp, Vs = 5.02 TeV + —4— PYTHIAS, Tune 4C
> ok — —— PYTHIA6, Perugia 0 T —k— POWHEG+PYTHIAG -
2 = o T PYTHIA6, Perugia 2010 with EPS09 nPDF—— e ]
© 4 r 1 . -
= 1.5 = —t =4 PYTHIAG, Perugia 2011 —
§ E $_u_ B L =
(D - -
< 1:_ E —#— p-Pb, |5, =5.02TeV - -
0 5:_ t DTotal data syst u =
. E EE Syst unc from v hypothesis E
O+
0.6F .
0.5F ]
F e :
§ 0.4 e -
S b o . :
20.3:— % —g- _:
6 [ ==
0.2F - :
0. 1 -
:....I....I....I....I....I."uuuuluuuul |||||||| vy o LTy v by by oy by by s 1T
OO 5 10 15 20 250 5 10 15 20 250 5 10 15 20 25

pTAsSSOC > O 3 GeV/c

0.3 < p73s80¢ < 1 GeV/C

DTASSOC > 1] GeV/ C

D meson P, (GeV/c)

D meson P, (GeV/c)

D meson P, (GeV/c)
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Heavy-flavour electron identification

Heavy-flavour hadrons (B and D) semi-

leptonic decays channels (B.R. ~10%) g 1P T
LI..EJ. 107;_ p'Pba\/STn\]=5-02 TeV 2.0<pT<2.5 GeV/c _;

- class —— Data :

D—ed whn<os Bemmon

B—eX U e

10° —é

-lectrons are identified using the 10 .
energy loss in the TPC and Time Of TA =
-light (TOF) “Ef \ fﬁ*iilﬁﬂ@
Ei' UENNIEEE: S e i ”ij i |

“lectrons from the other main sources TPC dEfdx - <TPC dE/dx>1, (o)

are subtracted

Henriqgue Zanoli
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Correlation function is obtained by subtracting
the background electrons from the inclusive

one

Inclusive

e-h

e from 1Y, n, ¥ (photonic)

> 12 1T T 1 | 1T T 1 | L | IIIIIIIIIIIIIIIIIIII
o ~ ALICE Simulation 7]
:8 L p-Pb, \s,,,=5.02 TeV
‘J.G:J 1__ Integrated Multiplicity ]
cE» - |nLab|<0.8
> 08— —
®
- L
e
0.6— _|
Non-heavy flavor electron tagging efficiency
0.4 p P 0.15 GeV/e ]
T
- m,, < 0.14 GeV/c?
0.2— _|
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
2 2.5 3 3.5 4 4.5 55 6
pTe (GeV/c)
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efromBandD

Photonic-electron
tagging method: Unlike
sign - Like sign pairs with
m(e*e’) < 140 MeV/c? are
identified as background

Counts per 15 MeV/¢c?

—_
o
>

10°
p— HFe-h

102

| | | | | | | | | | | | | | | | | | | | | | | | |
ALICE Preliminary

p-Pb, \'s, = 5.02 TeV

0-20% ZNA class
— m |[<0.8
— Lab

- 2.0 < pTe <25 GeV/c
~ o p ™ > 150 MeVic

—e— Unlike-sign pairs :

—O—

—o— Like-sign pairs  _|

— T e =Q==0=+=O=Q—=
- P
= —0—
B —o0—
B —o0—
—o—
=0 o—
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3

m,, (GeV/c?)

Main background

™ (= yy) —etey
n(—yy) —eey
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HFe - hadron correlations in p-Pb as function of multiplicity

- Looking for multiplicity dependence and possible double-ridge effect (v like)
in the heavy-flavor sector in p-Pb collisions.

1:\ 06 1 l T 11 l 1T 171 l T 11 l T 11 l T 11 l T T 1 l _'_/\ 1 l T 11 l 1T 171 l T 171 l T T 1 l T T 1 l T T 1 l —
| : , . . . : f — . . . . . 1._’\ B 1 l T 11 l T 1 l T 11 l T 171 l T 11 l T T 1 l ]
8 C ALICE Preliminary (c,b) — e - charged particle correlation . 8 0.7 — ALICE Preliminary (c,b) — e - charged particle correlation  — 5 1.2~ ALICE Preliminary (c,b) > e - charged particle correlation —
5 050 PPBASy=502TeV 5. pe<2Gevic, 126 <y <034 5 oeD PPPASw=302TeV 5 pecsaGevic, 126 <yp <034 7 S - pPb, |5 =502TeV 4 _ e _gGevic,-1.26<y° <034 -
= - An|<1.2 . = = [An|<1.2 . 2 10 T | e —
= L C _ = ~ assoc C ] £ . |An|<1.2 _
Q04— 03<p < 2 GeV/ — Q0.5 - 03<p ™ < 2 GeV/ — g - ad 0.3< pTalSSOC <2 GeV/c -
© : _20°, _ © - _20°, - 0.8— —
& b S --0-20% VOA class E S o4 e --0-20% VOA class E J - :@I;;_i_' & 0-20% VOA class -
[} T E —ﬂ]— o ] o — o - ! — —
2|l ~o=r +60-100% VOA class 0 2 o 03 +60-100% VOA class = 2 | 06 = 60-100% VOA class -
s |4 — — c |4 — —_— - . %) B |
Z|© 0.2— i g Z|© — —0—0— . CUZ '8 — —— ]
© - — :g: - ] © 0.2:— - —+ O - = 35 0.4_— :$: - :$:+=¢= —
—lS 01 = o = -5 F cant el = —|S r - s -
! = - T = o= - —o—0- 3 . = .
1 — T T ——— B T T — B — e B gy T .
< - = S — - 3 i S ]
2 u , . 3% syst. Ag-uncorrelated unc. 2 2 _o1E _ . 3% syst. Ag-uncorrelated unc.  _j 9’2 u 3% syst. Ag-uncorrelated unc _
0.1l Baseline stat. unc. 0-20% 1% syst. unc. in |A@| < 1 — E_.Baselme stat. unc. 0-20% 1% syst. unc. in |A@| < 1 = _o ol Baseline stat. unc. 0-20% 1% syst. unc. in jJA@[ <1 —
. = [] Blasellne stellt. unc. 60-11 00% I nolt shown I = —0.2 :_. Blaselme stellt. unc. 60-11 00% I nolt shown I I = _ B Baseline stat. unc. 60-100% not shown ]
—0. | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | — _ — . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I -

1 0 1 2 3 4 5 ~1 0 1 2 3 4 5 A — 0 1 2 3 4 5

A@ (rad) Ag (rad) A@ (rad)

- Near and Away side modification from Low Multiplicity to High Multiplicity
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HFe - hadron correlations in p-Pb as function of multiplicity

- High multiplicity correlation functions are subtracted by the low multiplicity
ones to remove the jet component. Assumption: jet correlation function is not
modified from low to high multiplicity collisions

1.:-\ [ I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I_
g 4.50— ALICE Preliminary (c,b) — e - charged particle correlation —
= C PP Sy =502TeV 45 pe<2GeV/c,-1.26<y; <034 -

~ |An|<1.2
(0-20%) - (60-100%)

S 4.45 0.3 < p2**° <2 GeV/c

4.95— -o- Data _ |
- — Fit a,[1+ 2v, ,cos(A0) + 2v2 Acos(2A<p)]
400 — 48, === Vv,,modulation -- v,, modulation B
] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ]
— 0 1 2 3 4
A (rad)

Henriqgue Zanoli

S

4.45

[ I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I_
— ALICE Preliminary (c,b) — e - charged particle correlation —
- PPbVSw=502TeV 5 pec4Gevic,-126<y;, <034

— |An|<1.2
(0-20%) - (60-100%)

0.3< p?ss°° <2 GeV/c

+

R 4

— Fit a[1+ 2v, ,cos(A@) + 2v2 Acos(2A<p)]
— 48, === Vv,,modulation -- v,, modulation

(rad™)

N(c,b)—>e Aﬂ dA(p

4.8

4.7

4.5

4.3

4oL

B I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I_
—  ALICE Preliminary (c,b) — e - charged particle correlation
- PPb sy =5.02TeV 4 pe <6 GeVic,-1.26 < g, <034 1

. |An|<1.2
- (0-20%) - (60-100%)

46-

0.3< p?ssoc <2 GeV/c

1

4.4

— Fit a,[1+ 2v, ,cos(A@) + 2v2 Acos(2A<p)] ]
— 8y === Vv,, modulation -- v,, modulation a
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vorre {2PC, sub} in p-Pb

-irst measurement of heavy-flavour
electron voHFe {2PC, sub} in p-Pb

e S Aicepeimnay T T
collisions R e R ] :
d 0.16;— nl < 0.8 - Charg. particles, 0.8 < |An| < 1.6 _;
oot itative a0 th & 014 (0-20%) - (60-100% PLB 726 2013 164-177 -
ect is qualitatively similar to the one z - S -
observed in the light flavor sector e g 7 E
0.082— SLiw ! —i
Results show a positive voHFe (2PC,sub)  o®- &= ¢ ;
for electrons with 1.5 < pt <4 GeV/c 3 E
-
Significance of 3.7cfor 1.5<pt<?2 b (GeV/c)
GeV/c and 4.30 for 2 < pt < 4 GeV/c '
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Conclusions

D-meson production: DY Qcp shows a hint of enhancement and the D° Qppp in
different centrality bins is in qualitative agreement with the charged particle

Qpr.

- D-meson in jets: measurements of jets that contain a D-meson cross section
down to 5 GeV/c. The results are compatible with POWHEG+PYTHIA 6.

D meson - charged particles correlations: new and more precise
measurements compared to Run 1. Near side and away side yields are
qualitatively described by PYTHIA and POWHEG+PY THIA expectation

Evidence of positive v2"Fe in high-multiplicity p-Pb collisions from the
analysis of azimuthal correlations of heavy-flavour decay electrons with

charged particles

Henriqgue Zanoli
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D-meson reconstruction

—

ALICE Preliminary

Acceptance x Efficiency
2
11 IIIIII

p—Pb, | 5. = 5.02 TeV

—
<
N

D° 5 K = (and charge conj.)

—=— Prompit, w/0 vertexing
- Feed-down, w/o vertexing
—— Prompt, with vertexing
--¢--- Feed-down, with vertexing 3

e

10°°

0 2 4 6 8 10 12
p. (GeV/c)

ALI-PREL-131981
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o
o
o1

QC

2.5

0.5

ALICE Preliminary
p—Pb, \ 5,,=5.02 TeV

-O.96<ycms<0.04

Illllllll*l [ 1 | | I I | I I |_

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

2.5

1.5

0.5

| ALICE Preliminary
| p-Pb, | 5,,=5.02 TeV

-O.96<ycms<0.04
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O D0

-|-D;

= =%
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0 5 10 15 20 25 30 35
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Lower pr

D meson P, (GeV/c)

Henriqgue Zanoli

D meson P, (GeV/c)

D meson P, (GeV/c)

PAELELELE L L B B I 2 L LA B BLNLLEL AN B L LN NLELELELEY BN BRI B

4E Away side  ALICE Preliminary T 096<yP <004 jAn <1

3.5 p3° > 0.3 GeVic =+ 0.3 < p2%°° < 1 GeVic T p3* > 1 GeV/c g

% 3t E F Simulations, pp, {s = 5.02 TeV + —— PYTHIAS, Tune 4C g

'32 5E ¥ —#— PYTHIA6, Perugia 0 F —— POWHEG+PYTHIA6 E

E E o . PYTHIA6, Perugia 2010 + with EPS09 nPDF -

-§ 2F < —+— PYTHIA6, Perugia 2011 + s E

@ 1.5F i ﬁ —+ + ¢ =

< 15_ B - pPoys,=502Tev I == I —a— 3

e Total data syst unc + ? E T _,5‘_¢ .

0-5;_ < 5 Syst unc from v hypothesis_;_ -ﬂ$ + o= —;

o . I E * 3

O e L B LA A e | -
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F 1 ! —
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PYTHIAB, Perugia 2010
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