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ALICE
¢ pp collisions:

¢ Test pQCD calculations

¢ Study fragmentation and hadronisation, heavy-flavour jet properties
¢ Set a reference for p-Pb and Pb-Pb
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Open heavy-flavours at ALICE

ALICE

& Central barrel measurements:

& Prompt D mesons (DY,D*+, D+ and D) in
hadronic channels
@ Beauty via non-prompt D0 and non-prompt
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HF production cross-sections at mid-rapidity :

DO at 5 TeV ALICE
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M We are entering a precison era for the charm measurements in pp collisions.

& Data points, at few % level precision, start to pose strong constraints for pQCD based models

ALICE Coll, Eur-Phys. C77 (2017) no.8, 550 | FONLL: JHEP 10 (2012) 137
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http://arxiv.org/abs/arXiv:1901.07979

HF production cross-sections at mid-rapidity

DO at 5 TeV HFE at 7 TeV ALICE
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M We are entering a precison era for the charm measurements in pp collisions.

& Data points, at few % level precision, start to pose strong constraints for pQCD based models

ALICE Coll, Eur.Phys.). C77 (2017) no.8, 550 | GM-VFNS: (Eur. Phys. J. C72 (2012) 2082
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HF production cross-sections at mid-rapidity

DO at 5 TeV Total charm cross-section ALICE
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M We are entering a precison era for the charm measurements in pp collisions.
@ Data points, at few % level precision, start to pose strong constraints for pQCD based models

ALICE Coll, EurPhys.). C77 (2017) no.8, 550 |
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D meson ratios

Cross-section ratios Energy ratios ALICE
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ALICE Coll, Eur:Phys.J. C79 (2019) no.5, 388

@ D mesons are studied at the LHC at different collision energies (2.76,5.02,7, 8 and 13 TeV)

™ Cross-section ratios do not show significant pr dependence — not large difference between
fragmentation to pseudoscalar (D9, D+ and Ds) and vector (D*+) mesons, nor to strange and
non-strange mesons

1/10/2019 Alessandro Grelli


http://arxiv.org/abs/arXiv:1901.07979

D'/D

o

o

— .
+ w0‘7}
L

D meson ratios

Cross-section ratios
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ALICE Coll, Eur-Phys.). C79 (2019) no.5, 388

@ D mesons are studied at the LHC at different collision energies (2.76,5.02,7, 8 and 13 TeV)

™ Cross-section ratios do not show significant pr dependence — not large difference between
fragmentation to pseudoscalar (D9, D+ and Ds) and vector (D*+) mesons, nor to strange and

non-strange
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Central to forward ratio

ALICE Coll, Eur-Phys.). C79 (2019) no.5, 388
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@ Precise measurement down to ~0 pr

& Mid- forward ratio can provide additional sensitivity to gluon PDF at small Bjorken-x
(10-4-10-5)

& Comparison with FONLL show compatibility but tend to hint a different slope
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Muons at forward rapidity

ALICE Coll, JHEP 1909 (2019) 008
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Muons at forward rapidity

ALICE
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Muons at forward rapidity

ALICE
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Tendency of a better agreement with FONLL going more forward
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Muons at forward rapidity

&

ALICE
3 | I L I L I LI L L l LI [ | I L I |
£ | ALICE Preliminary | -
> F uwt < HF, FONLL - 4 Data extremely precise -> strong test
w [ Pp,\s=8TeV . of pQCD
l - -
3 ut « HF, 2<p <20 GeV/c —* data . :
= T & Data in agreement with the model
~ 3% normalization uncertainty not included 7] within model uncertainty however
9 9
tendency of a better agreement at large
107 — - rapidities
o ——— -
- —— i
- —_—— -
i q
- —_—y— |
:lj 3;_ v T v v T T T b T T T T —‘5
CZ> 2.5&— ¥
w 2k —
E 1.55— ——— " —E
= S R M — M— e e R e B
0.5F =
0 ——%% 73 3 3.2 34 36 3.8 .
y

1/10/2019 Alessandro Grelli




Beauty via non-prompt DO :

ALICE
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ALICE

Charm fragmentation and hadronization
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A: production in pp, p-Pb

ALICE

™ A/DO largely understimated by models,

o | I | | | I I | | . .
- - only Pythia with CR get the shape but not
e 1.4— ALICE Preliminary ] yry : g P
ro T 7 the magnitude
< [ pp, Vs=5.02 TeV pp, Vs =7 TeV i
1.2 ly|<0.5 ly| < 0.5 — ™ Result from HERA, obtained in a similar
- —e—data —e— data (JHEP 04 (2018) 108) prt range, sits in the 0.1-0.2 region.
1.0 Eg::f ('\C";”I\Th) ] Challenge the universality of the
i o DIPSY (foi)es) e fragmentation functions? Need to measure
0.8~ _ e, HERWIG? ] the z value
06 N | New analysis in pp .at S TeV larg.ely
i % i improves the precision (factor 2 in [1,2]
0 4:_ | ﬂﬂjﬁﬂ: _: GeV/c) and extends the pr range
02fF e i —

Zeus Collaboration, ArXiv:1306.4862
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A: production in pp, p-Pb

ALICE
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A: production in pp, p-Pb
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=c production in pp

ALICE Coll, Phys.Lett. B781 (2018) 8-19

<

0 +=—, /N0
c —~>eEv,/D

r—
)
N
A
I
N

107°

1074

(b) ALICE -

2 Tev m Data N

I|OIT<\8 ; © 77/ DIPSY (rope) [65] =

yi<?o. SN HERWIG? [67] -
o

f

;AIIII

< S DA LAAATIRTIT S -:""” ///
SRR AARARRI G /]
ZSREREERREREERREREB BRI IEERTSEE v(( /,l'a
07020 %0 %6 20 % 20 %0 %0 20 % %6 %0 % 20 % %6 %0 % %6 %670 20 %020 20 % 20 2070 0 00 e 0%,
QRRRKHHIIILRRKIXHIIIILRIIKHIHIIRRRRIXH IR,
%&%&&2&0&2&9{9{9‘4&0&&% Ao&.t.?&»"(&\?.? 0 %% 2600090

RS
N e s NN \\\\\\\\\\g

o

M =./D0 largely understimated by models. Similar situation as for A

1/10/2019

Alessandro Grelli



Going back to the total cross-section :

ALICE
ALICE Coll, Eur.Phys.J. C77 (2017) no.8, 550
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MC / Data
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¢ Cross-sections: Agreement with NLO pQCD POWHEG hvq
+ PYTHIAG predictions.
M Some tension in the cross-section with POWHEG dijet

¢ Momentum fractions: Agreement with NLO pQCD
POWHEG + PYTHIAG predictions

M Kinematics reach and precision can be extended with pp at 5.02
and 13 TeV
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D tagged jets @ 13 TeV

ALICE

& Charged jets containing a D meson as
one of the constituents

LA LB BLELEL L BN BLELELEL LN BURLELELE BLELL R BLELR L=
ALICE Preliminary o
pp, Vs =13 TeV =
charged jets, anti-k;, R = 0.4, I'I'etbl <05 =
with D°, 2 < Pr o < 36 GeVic &

e « Data =

O :- Syst. unc. (data) .

100 5 o POWHEG+PYTHIA6  _
E 5 [_] Syst. unc. (theory) =
1074 ® =
3 s i
10°E -

- 51“1!llllllllleeee!esee!esss!eess!eeee!seei

B 3 ‘ .................................................................................................................................................. —’:‘

_QC) 25:_. ............................................................................................................................................ _;

: 2? ..... T T e —

© 1.5;; ................... O e =

g 12_ .......................................................... SN [ + ............................... -

05? ............................................................. g
% 1 10 Rl 1 15. P .210‘ P 215) Rl 310 e .315 Bl .410 PR .415 PR .5 0
p. . (GeV/c)
T,ch jet

& Similar situation as for 7 TeV but now a hint of tension between data and model 1s building up at low jet pr
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Outline :

ALICE
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¢ p-Pb collisions

¢ Study cold nuclear matter (CNM) effects (nPDF, shadowing, gluon
saturation, kr-broadening, energy loss in CNM in the initial and final

state)

N

“V

€

00



Why to study pA: Canonical picture

QCD vacuum ALICE

adllhe
P-p

¢ Cold nuclear matter effects (nPDF,
shadowing, gluon saturation, kr-
broadening, energy loss in CNM in the
initial and final state)

& coherent/collective interactions of
nuclear fragments, and QGP formation

¢ final-state interactions with QGP

QCD medium
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Why to study pA: Canonical picture

QCD vacuum . : A
increasing v's
-+ P
P-P

& Cold nuclear matter effects (nPDF,
shadowing, gluon saturation, kr-
broadening, energy loss in CNM in the S
initial and final state) >W““ i

& coherent/collective interactions of s

nuclear fragments, and QGP formation
¢ final-state interactions with QGP

14
> 12
C 10
(o))
9?7 Z osp
(__,9 , I = This work, EPS09LO
oI o 06 ™ .- Eksos
" o 04 HKNO7 (LO)
St “ L === nDS (IrO)
00 | |
- 10° 10° 107 107 ) ] ) ) )
QCD medium . . .

K.J. Eskola, H. Paukkunen, C. A. Salgado, JHEP 0904, 65 (2009)
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Why to study pA: Canonical picture

QCD vacuum

adllhe
P-p

increasing v's

& Cold nuclear matt
shadowing, gluon
broadening, ener
initial and final sta

& coherent/collectivi
nuclear fragments

¢ final-state interact

> 12
L
g 10
V?? Z osp
(__.,9 , I = This work, EPS09LO
oI o 06 ™ .- Eksos
r o 04 e HEKNO7 (LO)
K "“[ ——nDS 1.0)
00 | |

-4

QCD medium 10

10° 100 107
T T r
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Why to study pA: Canonical picture

QCD vacuum ¢ Probe Cold nuclear matter effects (nPDF, ALICE
._, 4_. shadowing, gluon saturation, kr-

broadening, energy loss in the initial and

final state)
A

¢ Use what we learned in pp vs pA to ascribe

P-P

® — «—
P

#?‘ differences pp(pA)-vs-AA to formation (and
<_f’,”,' properties) of Quark-Gluon Plasma
h
QCD medium

Phys. Rev. Lett. 118 (2017) 072001
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D-meson production: p-Pb @ 5.02 TeV

ALICE

M Production cross-sections measured

arXiv:1906.034, Submitted to JHEP

6\ E] | L I L L L l LI L L ] LI L | I | L ] 17 11 l | L L I IE
- : & ALICE D° meson 3 in a large rapidity interval and down
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) 4 NN cms
¢ 10 % 3 [ Precison measurement
0 = 00 =
=, [ 0 :
: 3 y ¢ p-Fb o i<1OT| B ILRLLLE B BRI IR
10°E + 3.7% norm. unc. not shown) = O 3
-é‘ E %00 ( ° ) = S 6 ALICE p—Pb, s = 5.02 TeV
E m m B . ' ]
Qi_ [ 00 = pp reference x A i E of D® — K'n* and charge conj. ;
E 5 . (£ 2.1% norm. unc. not shown) = r2< p, < 2.5 GeV/c 1
B 10°F EPJ C79 no. 5,(2019) 388 E & ]
oV o = 2 45 -
© i — E 3 - ]
] | © 3 =
10 = . - B ]
= - 2~ 5(30) = 6397 + 227 ¢
- - - w=(1.8680 + 0.0004) GeV/c? ]
3 “ e o =(10.7 £ 0.3) MeV/c? b
1k 0 ; :
= L E C ]
: : T Ll | L1 1 1 I L1 1 1 | | l L1 1 1 l L1 1 1 | L1 1 1 T
_ + 1.0% BR systematic uncertainty not shown 4 W 175 18 185 19 195 2 205
k. ] [ [ l | 1 ) A | l .4 1 1 I | 1 e | I L1 1 1 I L.l I B | | | & MK’I[ (GeV/Cz)

o

9 10 [ 45 20 25 30 35
P, (GeV/c)
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http://arxiv.org/abs/arXiv:1906.03425

D-meson Rpa

= LA B B AL DL B UL L > _ HLICE
1 dO—pA/de mo_ - ALICE p—Pb, m=502 TeV - arXiv:1906.034, Submitted to JHEP
o = J 40,/ e =
Upp/ P - : Prompt D mesons, -0.96 < y___<0.04 -
1.4 = = Average D°, D', D** =
C 2 o D° i
1.2_— % =
-’ Fl LT _J -
WL - by "”“_‘,“'_‘“'_‘“‘_'“““‘_‘“‘_‘“:___|,_____.I:
0.8/ =
i 7 X
0.6(~ / -
-/ 1
0.4/ ===+ CGC (Fuji-Watanabe) -
"/ == FONLL with EPPS16 nPDF i
O.Zi === Vitev et al.: power corr. + k; broad + CNM Eloss ~ _
f woe Kang et al.: incoherent multiple scattering K
O_l | | S | l | I P | l | I O [ l | P [ I | l | ) S P | l | PO A O l | I [P I | I 1 l_
0 5 10 15 20 25 30 35

P, (GeV/c)
[ Described by models including cold nuclear-matter effects

o
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http://arxiv.org/abs/arXiv:1906.03425

D-meson Rpa

—

1 dO'pA/de g [T T T T[T T T T [T T T T[T T T T[T T T T[T T T T[T TTT [T ] arXiv:1906.034, Submitted to JHEP H LIC E
Rpa = 73 Gon/dPT o [ ALICE p-Pb, {5=5.02 TeV ]
- Prompt D mesons, -0.96 < y__<0.04 -
1.4 l’\ = Average D°, D, D** .
C o D° 3
12 ¢ ¢ % m -
1M ﬂ:f.‘..‘..:aﬂ.— ...................................................... | .......................... E
'8 3 et ST LA -
0.8[f e o
- ~ -
b e
0.6[3 ]
F E
0.4]- ~
- auens Duke -
0of. — ' POWLANG (HTL) b
| ===+ POWLANG (IQCD) o
0_1 po o e b b b b g by g gyl
0 5 10 15 20 25 30 35

[N (GeV/c)
o
A Described by models including the formation of QGP in p-Pb:

= data disfavour suppression >~10% at high-pr
= need to improve the precision of the measurement for a more conclusive
statement
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http://arxiv.org/abs/arXiv:1906.03425

D-meson ratios: pp vs p-Pb

arXiv:1906.034, Submitted to JHEP
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http://arxiv.org/abs/arXiv:1906.03425

Muons at forward rapidity

_Q - L] L) L] L] L) ) L L L) 1 L L) L) L B
24F ' ' ! ! =
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1.4 ;— —;
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1 ;..l......'.:.:.'..‘.::..-..-.—..-. ;
0.8 ;— ';
0.6 E————: NLO (MNR) with EPS09 shadowing =
0.4 ===""= Kang et al.: incoherent multiple scattering -
0.2 ;—- Systematic uncertainty on normalization -;
0"111'1111111]11111111111[11111111"
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ALICE

M Rypv of muons from heavy-flavour decay
hadrons measured in a large pr internal and
both, in the p-going and Pb-going sides

M Within the experimental precision pQCD
based models agree with data

M In the Pb-going side, at low pr data tend to
favour “incoherent multiple scattering” based
models. However more data are needed to
conclude

ALICE Coll, Phys. Lett. B 770 (2017) 459-472
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Outline :

ALICE
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¢ p-Pb collisions

()

-~

¢ Address possible collective effects and effects related to the
(possible) formation of a QGP in p-Pb collisions.
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Collectivity in small systems

pp collisions

(CMS Collaboration) JHEP 09, (2010) 091 ALICE
(d) CMS N > 110, 1.0GeV/c<p <3.0GeV/c TZ LHC data opened a new era: detailed study of high-
S multiplicity events (both in pp and p-A) become
possible

R(AN,A¢)

M. He, R. J. Fries and R. Rapp, arXiv:1204.4442 [nucl-th].
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Collectivity in small systems

I . -
pp collisions w

(CMS Collaboration) JHEP 09, (2010) 091 ALICE
(d) CMS N> 110, 1.0GeV/c<p <3.0GeV/c [F] LHC data opened a new era: detailed study of high-
- multiplicity events (both in pp and p-A) become
possible

[ In 2010 CMS Collaboration published a paper
highlighting a double-ridge structure in high-
multiplicity pp event di-hadron correlations

R(AN,A¢)

M. He, R. J. Fries and R. Rapp, arXiv:1204.4442 [nucl-th].
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Collectivity in small systems

pp collisions

(CMS Collaboration) JHEP 09, (2010) 091 ALICE

(d) CMS N> 110, 1.0GeV/c<p, <3.0GeV/c [ LHC data opened a new era: detailed study of high-
multiplicity events (both in pp and p-A) become

— possible

_e_

< . .

= [ In 2010 CMS Collaboration published a paper

< L . .

4 _ highlighting a double-ridge structure in high-

NS multiplicity pp event di-hadron correlations
A collective QGP like effect in pp and p-Pb?

(CMS Collaboration) Phys. Lett. B718, (2013) 795 (ALICE Collaboration): Phys. Lett. B719, (2013) 29

2<p.mg<4GeV/c

- p-Pb |5, =502 TeV
1 <me<ZGeV/C

fflin
CMS pPb \[s, =5.02 TeV, N’ ™ > 110 |
12\ (0-20%) - (60-100%)

(b)
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Collectivity in small systems

pp collisions

(CMS Collaboration) JHEP 09, (2010) 091 ALICE
(d) CMS N> 110, 1.0GeV/c<p <3.0GeV/c [ LHC data opened a new era: detailed study of high-
multiplicity events (both inz 1 p-A) become
1bl
possible o c\g

| & m200cus ol .
hlghlfghtv \\eg \0( cture in high-
4 multz \\ O
ALS

&6

R(AN,A¢)

P like effect in pp and p-Pb?

(CMS Collaboration) Phys. Lett. B7A8 \Q« (ALICE Collaboration): Phys. Lett. B719, (2013) 29

CMS pr m = 5.02 TeV, N:)r:hne > 4 se &.\ 2<Pm <4 GeV/e p-Fby"s’_N=5-mTeV
“G 0 1<p . <2GeVic TN (0-20%) - (60-100%)
1<p, <3 GeVic \ e
3 g
e A
L3 1 AN
5 1 b
¢ s
! gl
5557 0‘“‘ AT
‘:““‘\}“
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Elliptic flow v2 as a measure of collectivity

ALICE

dN =
— x142 Vi cos [n(p — W)p)]

dep

n=1

¢ Flow: momentum anisotropies in azimuthal angle, quantified by coefficients va

M Soft sector (low-pr< 2 GeV/c): multiple interactions between partons (a.k.a. collectivity")
convert initial-state (IS) spatial anisotropies into final-state momentum ones

M Hard sector (high-pr, > 10 GeV/c): path-length dependent parton energy loss (partons
loose energy differently according to how much medium they transverse)

M Common origin: spatial anisotropies from geometry of the collision and IS fluctuations

pressure momenta

collective
expansion

high-pr
partons

initial state final state
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Heavy-flavour collectivity in p-Pb?

[ Non zero elliptic flow (v2) as a measure of collectivity ALICE

ALICE, PLB 753 (2016) 126 |

T 0120 ALICE \E‘tfata, Pb-going
a ~  p-Pb \s,, =5.02TeV Data, p-going
&) - VOS: (0-20%)-(60-100%) V4 AMPT, Pb-going
o 01 Y AMPT, p-going
0.08_— ; // // !
0.04_— N ;
0.02- /
O_llllllllllllllllIllIllll[lllllllllllll..l
0 0.5 1 1.5 2 2.5 3 35 4

P, (GeV/e)

[ Indirect hint of non-zero heavy-flavour flow in p-Pb from inclusive muons at
forward rapidity (pm>2 GeV/c)

= High-pr inclusive muons are HF dominated.
= Need direct proof (Prompt D mesons, heavy-flavour hadron decay leptons )
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HF-decay leptons flow in p-Pb

ALICE Coll, Phys. Rev. Lett. 122,072301 (2019)

T T T T l T T T T I T T T T I T T T T l T T T T I T T T

02__ ALICE
_  p-Pb, \/ Sy = 9-02 TeV
~  (0-20%) - (60-100%)

—8— (C,b) =€, Inl <0.8, A9l <1.2
—@— Charg. part., Inl <0.8, 0.8 <Ayl <1.6
—4— u, p-going -4 < np<-2.5 1.5<IAgl <5

0.15 — —4— u, Pb-going -4 < p<-25,15<IAn <5 —:
B —— i

B EI —Ha— i
0.1 =k f B
P :

— —— —
005 B " - :
L —— ]

o arXiv:1805.04367 B

_I | | | | | | | | | | | | | | | | | | | | | | | | | | |_

1 2 3 4 5 6

P, (GeV/c)

¢ Heavy-flavour decay electrons (mid-rapidity)

V{2, IAn] > 1}

o
—
N

©
—

O
o
®

O
o
)

0.04

0.02

ALICE

— ALICE Preliminary
[ p-Pb |5, =8.16 TeV
~ Multiplicity class CL1: 0-10%

—

L

Inclusive u*

p-going: 2.03 < Y s < 3.53
Pb-going: -4.46 < Y ous < -2.96

1

*—

Systematic Uncertainty

T

o

[ Effect is qualitatively similar to the one observed for inclusive muons

M Significance: >50 for 1.5< pre< 4 GeV/c
[ Initial or final state effect?

& Heavy-flavour decay muons (forward rapidity)

M Effect is qualitatively similar to the one observed for electrons
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Collectivity in the D-meson sector?

1 d2 promptD/dedy ALICE

(dZNPromptD/dedy)g[:bl() <Tppb>0—1()

B
prrry
—

g 1YY o
s *'t'*f*ﬁ '

A Charged particles
Syst, on dN/dp_

1.2

QCP - Rpr _= — D
2 A7prompt D ))60—100 60—100 prompt
(d2NPromptD /dprdy) 501 / (T A d2oy, /dprdy
o T Y——r—r—r—r—rvry YT r——r—r—r—r—rrry ALIAE i L LI LU L L L L LN
O o ] ] LI
o 1.8F + 3 [ - .
5 ¥ ] p-Pb, (5 =502TeV  (C b " ALICE p—Pb, | 5,=5.02 TeV E
1.6 S+ -y .
3 1 | 096 <y, <004 Prompt D mesons, -0.96 < y__ < 0.04
s q ] ®  Prompt D mesons 14 A D° D' D*
1.2[ W{ T 7} Syst. on dN/dp, . :erage ’ ’
I | —— M 2 + B ssoncT,) o D

ok . £ . -'.-_-ﬂ._. ...................................................... ﬂ .......................... |:
] 0-10% ZN energy i 10-20% ZN elnergy ] i PR ]
a L i +' i ) ) : N 1 o\e 1\"\‘“.‘ ' =
o 18 + 3 084 el E
- p s .
1.6 4 B : .
“F k!
- 0.6 -
- * ;
._! -
0.4f- -
: miimi - Duke :
. g 0'2"_ == POWLANG (HTL) ]
ok ] _ [ -~ POWLANG (IQCD) ]
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[ Hint for D-meson “Central-to-peripheral” ratio (QCP) larger than unity (~30 in 2 < pr< 10 GeV/c, 20-40%)

1 Initial-state effect? Mass effect? Radial flow? ... early to say, need comparison with theoretical calculations.

M However, models that contemplate the production of a small QGP in p-Pb tend to predict a suppression on the

D mesons Rppy at high pr. At present our results tend to disfavour suppressions larger than 10%
arXiv:1906.034, Submitted to JHEP

1/10/2019
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http://arxiv.org/abs/arXiv:1906.03425

Outline %

ALICE

€

¢ A-A collisions
¢ Heavy-quark energy loss in-medium
¢ Hadronization



Observable: Raa

—

[4] Production of hard probes in AA expected to scale with the number o e
nucleon-nucleon collisions Neoi (binary scaling)

[ Observable: Nuclear Modification Factor

PbPb measurement

$

R (p,) = dN?, /dp, _ QOCD Medium
miPr <TAA> X dO,l,),, /dp, OCD vacuum |

[F] What are the possibilities?

* If no nuclear effects present: Raa =1
 Effects of the hot and dense medium
produced in the collision breakup binary 0

scaling: Raa# 1
T Raa(eb,s)<Raa(c)<Raa(b)

several caveat to take into account!!

pp reference

<>

[4] But also cold nuclear matter effects may lead to Raa # 1 (needs solid
pA reference)
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Raan measurements

—

< 2_5 I [ I I | I I | | | | [ HLICE
ALICE Preliminary

0-10% Pb—Pb, |5, = 5.02 TeV, |y| < 0.5

0 + *+
- —®— AverageD,D,D —
15 0 -
— Filled markers: pp measured reference -
- Open markers: pp pT-extrapoIated reference —
L || R - —

0.5

IIIIIIIII
IIIIIIII

S S S

| | 1 | | | 1 | | I | |
0 10 20

P, (GeV/c)

[ Raa of charm mesons and baryons show a large suppression, up to factor 5 for non-strange
D mesons at 10 GeV/c that can be attributed to final state effects.

M Hint of a smaller suppression of Ds and A with respect non-strange D mesons: Enhancment of D in
a strangness rich environment and coalescence for A.?
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Raan measurements

ALICE

[ In general models with collisional energy loss and shadowing work better at low pr while models with
radiative energy loss work better at high pr

-
—

<22 T T T T T T 1] T T
Q{‘ of ALICE Preliminary
0-10% Pb-Pb, \s,, =5.02 TeV
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y | W ) N 1 and nPDF)
E 7 BAMPS ]J. Phys. G42 (2015) 115106 (collisional + radiative energy loss, hydro)

Filled markers: pp measured reference
Open markers: pp pT-extrapoIated reference
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0 .

POWLANG EPJC 75 (2015) 121 (collisional energy loss, recombination, hydro +
nPDF)

SRR
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+ nPDF)
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Double ratio: (Ds/D%)pp-pu/(Ds/D%)pp
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M The double ratio (Ds/DO)pp-pr/(Ds/DO)pp indicates an enhancement of Ds production in Pb-Pb in the
region pr<10 GeV/c that can be attributed to the strangeness-rich environment of Quark Gluon Plasma

M Models expectations are in qualitative agreement with data.
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Non-strange D-meson ratios
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ALICE
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[ Particle species ratio seems independent of the centrality of the Pb-Pb collision and even of the
collision system
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What about baryon-to-meson ratio? :

& The investigation of the A/DVY ratio in heavy-ion collisions allow investigating the possible ALICE
modification of the charm fragmentation in-medium. Ratio enhanced with respect pp baseline if:

M Charm quark hadronize via recombination with the light quarks in QGP
M di-quark bound states can enhance further the ratio

OD 1 2 | T T T T T UL T
< | ALICE Preliminary ——o0-10%Po-Po ()
+ 0 3 —a— 30-50% Pb-P .
< 4L ysn=502TeV,|y| <05 ‘30 Po%Po-Po T
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N Open marker: f_ .., calc. with P. -extrapolated pp reference :
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What about baryon-to-meson ratio? :

& The investigation of the A/DVY ratio in heavy-ion collisions allow investigating the possible ALICE
modification of the charm fragmentation in-medium. Ratio enhanced with respect pp baseline if:

M Charm quark hadronize via recombination with the light quarks in QGP
M di-quark bound states can enhance further the ratio
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What about baryon-to-meson ratio? :

ALICE

¢ Data well reproduced by statistical hadronization model. Catania coalescence model gives a reasonable
comparison with some hint of tension at low momentum.
¢ Pythia Mode 0 (enhanced color reconnection) underestimates the magnitude of the data result
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Beauty production .
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[ Beauty via the measurement of electrons from beauty-hadron decays
[ Large suppression measured in central Pb-Pb collisions
M Models including in-medium energy loss can reproduce well the data (within the large uncertainties)
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Muons at forward rapidity
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[ Precision measurement! .. specially in 0-10% centrality
[ Large suppression, similar in magnitude to the one found at central rapidity
M Very challenging for models.
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Summary

Z7//1I\\

ALICE

& pp measurements as a test of pQCD: we are entering a precision era,
constraints to calculations become stringent

& p-Pb measurements to investigate initial-state effects. Very good
experimental precision = stringent test for CNM effects

& D-meson results evidence possible collectivity in p-Pb collisions.

& Ac results are entering a precision era. Unexpected behavior of
baryon-to-meson ratio

& Pb-Pb results show a clear evidence of final-state effects. Large
suppression -> Raa<<]

[/] Some open question:

1 What is the nature of these collettive-like effects in p-Pb?
1 Are the A/DO results a challenge for the universality of the FF?
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Centrality in p-Pb collisions (ALICE)
e N0 =

Centrality in p-Pb collisions: Phys. Rev. C 91 (2015) 064905
biases in the determination of <N¢oi>

e,

- multiplicity fluctuations, jet-veto bias, geometrical bias

: S S EAUCEpPoat (s =502Tev
= Lose correlations between Npart, multiplicity g F + paa
B D402 - - u I
and impact parameter b 5 ETT—
= bias depends on estimator used for multiplicity g TN

determination
Experimentally:
VOA: <Ncoi> determined by Glauber fit of VO amplitude

°WAIIIHII T
. 60-80%

[ 40-60%

ZNA: <Ncoi> obtained with a “Hybrid method”

- 10-20%

~ 5-10%

* slice events in ZN energy (Pb going side)

* <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

(dND/de)ppb
(Topb) X (dGD/dPT)pp

N

C

(

oll >i

Qppb — <Tpr ) —

ONN

investigate charm production in p-Pb collisions
w.r.t. pp collisions: possible multiplicity
dependent modification of the pr spectra in p-Pb?
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D mesons production vs rapidity at mid-rapiditi __
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Open-beauty with ALICE
s /O

J. High Energ. Phys. (2017) 2017: 52
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[ Beauty electrons results are compatible with unity within uncertainties
M Models describe well the Rppp
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Entries

D mesons prompt fraction
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