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colour-deconfined medium is predicted

* New state of matter called
Quark-Gluon Plasma (QGP)
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At very high temperature and/or density, a
phase transition from ordinary matter to a

Temperature T [MeV]

Nuclei Net Baryon Density

* The QGP can be recreated in laboratory via
ultra-relativistic Heavy-lon (HI) collisions.
Different phases:
o pre-equilibrium
o QGP
o hadronization
o freeze out

Experimental investigation of the QGP with HI collisions
celebrated its 30t anniversary last year (SPS, RHIC,LHC)
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https://indico.cern.ch/event/457044

HEAVY-FLAVOUR PRODUCTION

e,u D
' o Heavy (charm and beauty) quarks: powerful

\/ B probes for the Quark Gluon Plasma created

in HI collisions
* Produced in the early stages of the collision,

they experience the whole evolution of the
medium, interacting with its constituents via
elastic scatterings and gluon radiations.

o Expected less energy loss w.r.t. light quarks and
gluons in the QCD medium
- Higher penetrating power
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HEAVY BARYON PRODUCTION

ALICE
o Understand hadronisation processes in the QGP: measuring the baryon/meson
ratio :
fragmentation . — @ e
0 0 ‘ [} ..
Y. Oh et al., PRC 79, 044905 (2009) A /D coalescence :-o A0 _> Q
10" g g 20 .038.38'0%3_ 0
——  three-guark model i ° od"°
— — . diguark mode! (c) :

8 PYTHIA
- 15
' * Enhancement of A_*/ D% (and A,*/
) B°) ratio predicted in coalescence
bt models.

; * Further enhancement

198 expected if thermalised light

diquark states exist in the QGP.

dN /2zp.dp, (1/GeV?)

27/06/2019 E. MENINNO 4




HEAVY FLAVOUR PRODUCTION

ALICE

. .HF studies important also in small systems!
o In pp collisions
* Production cross section computed using perturbative QCD (pQCD) calculations down to
low p;

doliB2, :fb/B(IleQQ)®fajA(I2=QQ)®dJ;1§iS:(I .29,Q%) @ Desyp (2. Q)

Parton Distribution Functions pQCD - \ . _
(not perturbative) ragmentation Function

. . (not perturbative)
* Test of pQCD calculations at the TeV domain
* Reference for p-Pb and Pb-Pb collisions
* Baryon /meson ratio sensitive to the hadronisation mechanisms.

o In p-Pb collisions

* Reference for Pb-Pb collisions

*  Study cold nuclear matter (CNM) effects in the initial and final states.

* Address possible collective effects resembling what observed in heavy-ion collisions
*  Small QGP formed also in p-Pb collisions?
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The ALICE apparatus

Vo
Trigger and centrality
determination
-3.8<n<-1.7 (VOQC)
2.8<n<5.1(VOA)

Inner Tracking System (ITS)
Vertexlng, traCk|ng pemnsiaw. v avy mvm oA aYAN
In| <0.9

N

[T
LI ]
7 [T T

Time Projection Chamber (TPC)
Tracking, PID via dE/dx measurement

Inl <0.9 —a
Time-Of-Flight detector (TOF):
PID via time-of-flight measurement
In] <0.9
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The ALICE apparatus

Vo
Trigger and centrality
determination
-3.8<n<-1.7 (VOQC)
2.8<n<5.1(VOA)

Inner Tracking System (ITS)
vertexing, tracking
In] <0.9

Data samples:

- W e pp collisions:

: — * RUN1 +/s=7TeV:~3xl108events, L,,= 6.0 nb!
TraTc'E‘neg’P;‘l’[’)e\fit;°d“;::$::;f::rﬁlnt « RUN2 +/5=5.02TeV:~9.8x10® events, L, = 19.6 nb'l
In] <0.9 p-Pb collisions: {/syy = 5.02 TeV:
* RUN 1~ 108 events collected in 2013, L., =48.6 pb?
* RUN 2~ 6 x 102 events collected in 2016, L, =292 ub
Pb-Pb collisions @ +/syy = 5.02 TeV
* RUN 2 ~ 108 events collected in 2015, L, =13.4 pb?

~ 1.7 x 108 events collected in 2018, L, =112.3 pb?
Time-Of-Flight detecto (0-10%centrality) and L., = 49.0 pb (30 -50%centrality)
PID via time-of-flight measurement
In| <0.9
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Charmed -hadron reconstruction

Hadvronic decays

o Reconstruction of secondary vertex, displaced from primary vertex.
o Candidates selected applying topological selection and PID (using TPC and TOF)

ALICE

o Signal extraction from invariant mass distribution, in each individual p;interval.

Baryon A\_*
/\ —pK° — :
ot ¢ pPr”s e p KTt M = 2284 MeV/c?
w185 —— o — 77— ]
§ - ALICE Preliminary §350: AUCJE Preliminary Quar6kc.) udc
O gl = 4 @© [ pp.¥s=502TeV ct= pm
= 18 :)p’ '8 Z'?: ;?V =300 8<p <12GeVie
o < < ev/c E o [ i
) P, 12 Decay Brar_ichlng
J75 i H 1 % fraction (%)
S 170 1 E A pKtr N )
c
T 4 LI A+—pKes |/ 158
16.5 [ Al = pKnt+cc.
. H 1501
L + =2.289 * 0.002 GeV/c?
16~ K =2.288 £ 0.001 GeV/c® 5 20,008 GeVio®. fixed to MG
| 6 =0.007 GeV/c?, fixed to MC 100} s(30) - 280 + 52
r S‘(iSO') =|26321‘360 | ‘ ‘ AR | |
15_5\ 1 L1 [ L

224 226 228 23 232 234

2.2 2.25

2.3

2.35

M(ng) (GeV/c?) = M(pKn) (GeV/c?)

s
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Charmed -hadron reconstruction

Hadvronic decays

o Reconstruction of secondary vertex, displaced from primary vertex.
o Candidates selected applying topological selection and PID (using TPC and TOF)

o Signal extraction from invariant mass distribution, in each individual p;interval.

2

Semileptonic decays

_. Entries /4.0 MeV/c=,
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/\C%PKOS

x10°

- ALICE Prefiminary ]
— PP, 15=5.02TeV g
1< p. < 2 GeV/c ]

o

[ =2.288 + 0.001 GeV/c?
[ o=0.007 GeV/c?, fixed to MC

- S(=30) = 2632+ 360 | |

224 226 228 2.3‘ 232 234 |
M(ng) (GeV/c?)

Entries / 4.0 MeV/¢2

100f s(:30)-280%52 .

A .—~pKTt

a50FT ,__

r  ALIGE Preliminary
I pp,¥s=5.02 TeV

300 8<p <12GeVic .

[ Al = pKnt+cc.
150
[ W =2.289 + 0.002 GeV/c?

[ & =0.008 GeV/c?, fixed to MC

2.SJ - I2.35I I
M(pKnr) (GeV/c2)

2.2 2.25

o Wrong-Sign (WS) e'A (eZ") pairs subtracted from Right-Sign (RS)
e*/A\ (e*=") spectra, to estimate the combinatorial background.

o Unfolding technique used to convert the e*/A (e*=)
p; spectrum in A (=.9)
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ALICE
Baryon A_* Baryon =.*
M = 2284 MeV/c? M = 2471 MeV/c?
Quark: udc Quark: usc
ct =60 um CcTt =34 um
Branching
Deca
S fraction (%)
A+ — pKm* 6.35
A+ — pKog 1.58
At — etAve 3.6
=0 etz Ve Unknown
% () —4— ALICE
(@] pp, \s=7TeV
. PR
400_ +_+_ e - HORYN a
L —— and charge conjugates
I —— i ® Right sign
200 . ® Wrong sign
h =*+=_, |
= IR s
0—75 2 25 3

M(eE) (GeV/c?)






Results from Runl for = °

ALICE
First measurement of = production in pp collisions at /s = 7 TeV

Phys Lett B 781 (2018) 8- 19

) C | | | ] OQ 1 ]
> T+ ALICE ] > C (a) . Data ALICE -
5 =7 TeV m 107" pp.\s=7TeV o .
0] | pp, \s=7Te | 9 3 PYTHIA8 Monash [64] =
o 1E E o) F |y|<0.5 ]
= E ly| <0.5 3 C PYTHIAS (CR, Mode0) [28] 3
N - = > e TV, . T ol ’
T B 1 Ly 107 T E
o L 1 3
S ok - . s —ae—
° —HE— ] \\\ NANNANNNN
i i ] NN ,v.voo.%o.o,o.o.o.0’0:0:0 KL 0’0’0:0:0,0.0,::::0::::::,:.::0:0.{:,:::
tx] - - ava%a%%% %6%%% %0 %0% %0 % % %!
+(D S Not corrected for =, decays —$—
10°F 44k : = =
T = 1 3.5% norm. uncertainty not shown 3 3
oo E | . . ! | | . 5 L A | L ! L | L L ) | T
O} 0 2 4 6 8 0 2 4 6 8
&% p. (GeVic) p. (GeV/c)
PYTHIAS Monash: P. Skands et al., Eur. Phys. J. C (2014) 74:3024
0O Eg cross section x B. R(Eg - e + E_Ve) Colour reconnection (CR): J. R. Christiansen and P. Skands, JHEP 08 (2015) 003
inl<p:-<8GeV/c - —_— o
Pr / o Baryon/meson E2 - e*E7v, /DY ratio higher
B.R.(E§ = eTE7v,) not known, high than theoretical predictions.
uncertainty bands in the theoretical

o PYTHIA8 with enhanced colour reconnection

predictions. .
mechanisms closer to data.

27/06/2019 E. MENINNO 9



https://www.sciencedirect.com/science/article/pii/S0370269318302570?via%3Dihub

A" cross section in pp collisions

JHEP 04 (2018) 108 pp@7TeV pp@5.02TeV (Run2) ALICE
0 = —— N T T T T | T T T T | T T _]
— - pp,\s=7TeV - > C i
> 10°- A a o - ALICE Preliminary -
g ; - cor_nljination of . ; g B 0P, /5 = 5.02 TeV T
3 N ey pKr*, pK_ and e"v A analyses’] &) 1 02 L . —
= - ly| < 0.5 - P - Ac ly| <05 E
Q_|_ 10E —&— —e— ALICE 3 = N - average of ]
© - [ ] GM-VFNS - i e pK* and ng analyses |
> F —@— [ | POWHEG - S
;6 1 +PYTHIAG _ S 10F . s
© - g O - ]
i ] © N - i
- 1 (9]
1075 +3.5% lumi. uncertainty not shown = © i )
SR | A : 1 —— |
010 = ‘E’—m—_,,_+ = - ]
sff  E - ] - 1
Jar] B _ - -
2% | Ve ] : ) _
oo E = i
- : t 1 0_1 = £2.1% lumi. uncertainty not shown E
%10 E E C I 1 | 1 | 1 1 I 1 | 1 1 7
ésg L - ; 0 5 10
L S (s s 3 p_ (GeV/c)
0 5 10 Measurements in pp@5TeV in wider p; range
p, (GeVic) Important reference for Pb-Pb and p-Pb collisions.
_ - _ _ GM-VFNS
o N/ p;-differential cross section underestimated by theoretical Eur. Phys. J. C41, 199 (2005)
POWHEG

models in pp (and p-Pb, see backup) collisions JHEP0708, 126 (2007)
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https://link.springer.com/article/10.1007/JHEP04(2018)108

Results for A,+/D°

ALICE

o T T T T | T T T T T
- r — ]
— 1.4~ ALICE Preliminary ]
+ O L ]
< [ pp, Vs=5.02 TeV pp, Vs =7 TeV ]
1.2~ ly|<05 ly| < 0.5 ]
- —e— data —e— data (JHEP 04 (2018) 108) -~
o — PYTHIA8 (Monash) ]
1.0 L P Pb@S.OZTGV ------ PYTHIA8 gg,qg— cc, Mode0 |
. ppgs :?%/Te\/ -..-... PYTHIA8 SoftQCD, Mode0
o 7Te e DIPSY (ropes) |

0.81 pp —m HERWIG7

p-Pb, V Sy = 2.02 TeV
-0.96 < Y ems < 0.04

PYTHIAZ Monash: P. Skands et al., Eur. Phys. J. C (2014) 74:3024
20 Colour reconnection (CR): J. R. Christiansen and P. Skands, JHEP 08 (2015) 003
p. (GeV/c) DIPSY: JHEP 08 (2011) 103

T HERWIG7: Eur. Phys. J. C58 (2008) 639-707

0.00 10

ALI-DER—-314626

o All the models underestimate data.
o PYTHIAS8 with enhanced colour reconnection mode closer to data.

o p-Pb results agree with pp ones within uncertainties.
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Total charm cross section

ALICE

Eur. Phys. J. C77 (2017) 550
Extr. factor to pr > 0 | do/dy |05 (ub)

Do 1.00027 5 0o 500 4 36(stat) £ 39(syst) + 18(lumi) & 5(BR)

D" 1.25703 227 + 18(stat) = 25(syst) = 8(lumi) + 6(BR) "3z (extrap)
D=t 1.21728 251+ 29(stat) = 24(syst) = 9(lumi) £ 3(BR) 775 (extrap)
D; 2.231011 89 + 18(stat) £ 11(syst)+ 3(lumi) =+ 3(BR) "3 (extrap)

oSS 7rey /dy | yicos = 934£69 (stat) =97 (tot. syst.) pb.

o N, cross section measurement will allow to estimate the total charm production
cross section at mid-rapidity in pp collisions @ 5TeV

A\, cross section extrapolation down to p, =
in progress :
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A, production in Pb-Pb collisions at the LHC

ALICE
o First analysis of A_*=pK% with topological cut selection in 0-80 % centrality and for 6 < p; < 12 GeV/c.

40P Phys.Lett. B793 (2019) 212-223
' eosmsoccacevid
151 5 -0.014 GeVic?, fixed to MC n

| S(£3c) = 2299 + 407 )

AL pK: +cc.
ALICE 6<p, <12 GeVic

Entries / 5.0 MeV/c?

o Analysis of the latest Run 2 Pb-Pb 2018 data
0-80% Pb-Pb, | 5,,,, = 5.02 TeV

et ] o Machine Learning algorithms used to reduce
2.2 2.25 2.3 2.35 2.4
MIpKY) (GeV/c?) the background

X

-y

o

w

' @

N
X

-

o

w

Entries / 8.0 MeV/c

T
AQ—)pK“S+c.c.,XGBoost
6<pT<8GeV/c

[ Al pKZ +¢.C., AdaBoost
2< p, < 4 GeV/c

Topological, kinematical and PID
variables used as training for ML

Entries / 7.0 MeV/¢?

30-50% Pb—F’b \ISN =5. 02 TeV
of IFEPEPE AR AP RN R L

545 55 225 23 235 24 Lo o b v b v v b v bawas Ly

0-10% Pb-Pb, VSN =5, 02 TeV

2.15 22 225 2 3 2 35 2.4

M(pK}) (GeVic?) M(pK?) (GeV/c?)
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Baryon to meson ratio: A"/ D°

ALICE
hys.Lett. B793 (2019) 212-223
% | - ulau%Pb—‘r-'b,\sNN:IS.uzTevl‘ Ly\<n.5I |
o PP 1s=7TeV, ly|<05
(JHEP 04 (2018) 108)
Tonmmsma e B ——
i ALICE ] :D; - ALICE Preliminary —osokreRe . . 0
t m < peserencos - o™ 0 o Hint of higher A_* /D%than
| fotee g | oa- o ] |n+pp gand. p-.Pb) colllsllons.
N Tt o 1 B oA /DPratio in centra
Py (Getie e Wy ; collisions higher than in
' 4 ? peripheral collisions

0.2 =
|- Filled markers: pp measured referance -
I

| Open markers: pp o_ -extrapolated reference

0 I 1 L 1 Il 1 I |
10
P, (GeV/c)

LLLLLLLLLLLLLL
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Baryon to meson ratio: A"/ D°

ALICE

hys.Lett. B793 (2019) 212-223
003||||\|||||||||||\||||||||
Ié, [+ 0-80% Pb-Pb, | sy, = 5.02 TeV, y|<0.5
T —— Catania, fragm.+coal.
- - - Catania, coal.
, oo Shao-Song, me=0‘425
2 ,-7~~_ '\ - -—ShaoSong R, 12 ]
L K s % J
, . ALICE 1
’ N i
. ] New results
\\ i
e, 1 s I———T o —————— —
' ] o r - o I . ]
~ B ALICE Preliminary = ALICE Preliminary ]
+ o - - -
< 25f 0-10% Pb-Pb, |5, = 5.02 TeV < 250 30-50% Pb-Pb, s = 5.02 TeV b
C ¥l <0.5 1 C lvl<0.5 ]
ok ] ok /N -
- —e— data B e —e— data ]
C Catania, fragm.+coal. ] B Catania, fragm.+coal. 7
e Catania, coal. ] 3 L Catania, coal. ) 4
15+ . Stat. Hadr. model, arxiv:1901.09200 —| 1.5 e Statt. Hadr, model, arivi1901.09200 —)
1 et mestusd e e ] oo s 95, e e
0.5 W 5 .
. g ‘ o ]
L I ol 0 .
0 10 20 10 20 GeV/
p, (GeV/c) p (GeV/c)

ALI-PREL-321686
ALI-PREL-321682

o N /DPresults compatible with model calculations
including both coalescence and fragmentation.

Catania: Eur.Phys.).C (2018) 78:348
Shao-Song: Phys. Rev. C 97, 064915

27/06/2019 E. MENINNO




A Rus

ALICE

dNpa/dpr
New resi Raa(pr) = <Tan > do,./dp
pp/ Pt

g 2_5 N T T T T | T T T T T T j g 2.5 0} T T T T | T T T T ‘ i
@C - ALICE Preliminary 1 @C - ALICE Preliminary 1
o 0-10% Pb-Pb, {5, = 5.02TeV, ly| < 0.5 ] o 30-50% Pb-Pb, VS = 5:02 TeV, |y < 0.5 ]
- A u - A u
- —=— AverageD°, D", D" . - —=— AverageD°, D", D" .
15— 0 - 15— 0 -
[ —4— charged particles, |y| < 0.8, JHEP 1811 (2018) 13 7 [ —4— charged particles, |y| < 0.8, JHEP 1811 (2018) 13 7
— Filled markers: pp measured reference - — Filled markers: pp measured reference -
~ Open markers: pp o, -axtrapclated reference ~ Open markers: pp o, -axtrapclated reference
L h AC+ RAA DW\eSOV\ RAA B r 1
- D¢* Raa charged particles - - .
05— — 0.5 7 —
Lo [ . .
! s " ——H=ﬁ= 7 g
0 L] ok L ]

10 20 10 20
P, (GeV/c) P, (GeV/c)

ALI-PREL-321872 ALI-PREL-321908

o Hint for a nuclear modification factor smaller for central collisions.

o Suggested hierarchy A_* R,, > (non strange) D-meson R,, > charged particles R,,
o Comparison with D.* not straightforward, due to still high uncertanties
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Conclusions

ALICE

Measurements of charmed baryons with ALICE in pp and p-Pb

collisions

o First measurement of Z2 production in pp collisions @7 TeV

o Recent A" measurements in pp@5 TeV (Run2) more p; —differential and covering a
wider p; range. Important reference for Pb-Pb

o Charm bearyon production higher than theoretical predictions,

- ,
tuned on ete" measurements. Paper writM
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Conclusions

ALICE

Measurements of charmed baryons with ALICE in pp and p-Pb

collisions

o First measurement of Z2 production in pp collisions @7 TeV

o Recent A" measurements in pp@5 TeV (Run2) more p; —differential and covering a
wider p; range. Important reference for Pb-Pb

o Charm bearyon production higher than theoretical predictions,

+ -
tuned on e*e measurements. Paper writing in g ‘

A\, in Pb-Pb collisions

o A, */DP: Hint of enhancement with respect to pp and p-Pb collisions.

o A_.*/DPin Pb-Pb compatible by models including hadronisation via coalescence
and fragmentation

o A Ryymeasured in 2 < p; <24 GeV/c in 0-10% and 30-50% centrality intervals.

o Further constraint on charmed baryon production mechanisms with
higher precision: waiting for ALICE upgrade in RUN 3 + 4
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Backup

s
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Open HF in A-A collisions: Observables
“ Parton energy loss

» AE depends on the parton color charge and mass, in-medium energy density, path length

 Investigated through the Nuclear Modificaton Factor
Raa(pr) =

D
RAﬁ\(pT) <Rpalpy) < REA(pT) ?
PLB 519 (2001) 199, PLB 649 (2007)139

dNpp/dpr
< Taa > dopp/dpy

AEg >4 Eu,d,s>A Echarm>A Ebeauty ~

“ Azimuthal anisotropy

« Initial spatial anisotropy — azimuthally anisotropic momentum distribution
* non-central collisions
— anisotropy dominated by elliptic flow v,
+ low py: v, sensitive to collective expansion

* high p;: v,sensitive to path-length dependence of
in-medium parton energy loss

2 dN
W% = [1 + 2V1 COS(QU - l'IJRP) +@(§0 — IPRID




At cross section in p-Pb collisions

ALICE
Recent results
’E‘)\ I — — - T T T T T T T T T T ]
= pr \sNN_502TeV S - ! | ]
4 |

> 0 = é\ocmbmamn y - o) X ALICE Preliminary ]
% - E_._ K" and ng analyses i % 1 04 E_-E-:': p—Pb, \ s, = 5.02 TeV =
2 10°= 096 <y<004 = P o AL -0.96<y__<0.04 3
o —.— —* ALICE f S, i combination of ]

o] L S POWHEG | ~— == B 0
=, +PYTHIAB — 3 pK n* and pK_ analyses _
LS 102? _._l:]Shaoetal.*g Q. 10 = S =
2 - """ with EPS0ONLO nPDF J g - = = —=— Run 1, arXiv:1712.09581 a
© 10 B pree I P._ - —e— Run 2, preliminary .
579 i, uncorta E S 10°: E
Eo+ I3.7IA: ,unlu. lec‘ert:eunlty TOt.Sh.ow.n | 3 C\_-IO g —— ]
010 = . N .
- — - j0 P-Pb@5.02TeV (Run2) _
R . - :
: .. ;
- -:lji‘lo 3 3 1 & % 3.7% lumi. uncertainty not shown —
g 8 [ S — - ] ] | | | | 1 1 ] | 1 -

CHL 3 0 10 20
0 5 10 15 20 pT (GGV/C)
P, (GeV/c)
o N p.-differential cross section underestimated by theoretical models in
p-Pb (and pp) collisions POWHEG JHEP0709, 126 (2007)

Lansberg and Shao

o Improved precision and extended p; range with Run Il data. [ bive i c77 no. 1 1 (2017
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https://link.springer.com/article/10.1007/JHEP04(2018)108

A nuclear modification factor Rp,

ALICE
& : | N I | S I L I LI I L I L I L | ) S I L I | I P | I 1T I | N I LI l LI da /d
o b AUCE  pPb\sy=502Tev R b = pPb /ADPT
[ -0.96<y<0.04 —
1.6 P AXdopp/dpT
. pp reference:
1'25 ~|H— last measurement at 5 TeV
-4 é
| R T
RS i | < 10 O b . e o o N : +
I n i o A" Ropy
0.8} % : compatible with
0'65_ H A ‘ POWHEG+PYTHIAG E unity
0.4:— N A——— ¥#{ with CT10NLO+EPS09 PDF (A,) 3 o Com pati ble with
C 5 POWLANG transport model .
0-2:_ =0~ D® meson "= (charmed hadrons) __._ D_meson R
0- Lk I | - I - - l 11 1 I 11 1 I 11 1 l 1 1 L ll l Lokl I | - | I 11 1 l 11 1 I 11 1 l 11 1 ] pr
2 4 6 8 10 12 2 4 6 8 10 12
ALI-PREL-311160 p, (GeV/c) p, (GeV/c)

o Compatible wWith oo\ 1EG.pyTHIAG with CT1ONLO+EPS09 PDE - only CNM effects
models within included

uncertainties: -POWLANG - small QGP formation included

POWHEG +PYTHIA parton shower: JHEP 0709:126,2007
POWLANG: JHEP03(2016)123
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Physics motivations

o ALICE and CMS observed enhancement of baryon/meson ratio at intermediate p;in High
Multiplicity (HM) pp and p-Pb collisions.

- Similar to what was observed in HI collisions
Phys. Lett. B760 (2016) 720-735

ALICE n 5 10% p Pb
0.5 VoA class (Pb-side) -T w INEL pp ¥s=7TaV + 10-20% p-Pb
» 0-5%p-Pb |5, =502 TeV o INEL pp ¥s=2.76 TaV

|CLo.5F ¥ 20-40% p-Pb # 60-80% p-Pb

0 2 4 6 81012141618 0 2 4 6 8 1012141678 0 2 4 6 8 1012 1416 18 ::S:m :IAIUE;EI F;F:b',';m:_l5logl-|-;\; I_E- IA;_KI;EI, Fl»bipi,‘:s;illgl-:-ﬁl-révl
pT (GEVJ" C.‘} 'E VOA Multiplicity Classes (Pb- sn:le}-E
Fe 0-5% E e 05%
T = 60-80% - [-5-] 80-90%

T T T
ALICE ¢ Pb Pb 60 80% Vs = 2.76 TeV
O INEL pp Vs =7 Te\’

I~ VOA class (Pb-side)
0 0-5% p-Pb m =5.02 TeV

o
o)

o
IS

t

o
[

IIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIII

Particle ratio

||E1:EI
2 4 6 8
P, (GeV/ce)

o009 =mas DR
cm-nc:oo..m&mcommx-

O mm
N
N
()]
@
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Physics motivations

o Measurement in pp collisions:
- Important to test predictions from pQCD and the models of hadronisation in vacuum.
o Measurement in p-Pb collisions:
- Important to distinguish cold-nuclear-matter (CNM) effects, that can
affect the charm hadron production.

o Baryon/meson ratio particularly sensitive to the fragmentation process.

- Differences observed in pp collisions (CDF+LHCb) with respect to e*e collisions (LEP) in
the beauty sector http://pdg.Ibl.gov/2017/reviews/rpp2017-rev-b-meson-prod-decay.pdf

= hint of non-universal fragmentation fractions
for baryons in the beauty sector
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N\, —pKCs analysis strategy

A.~>pK° B.R = (1.58 + 0.08)%
K% candidate reconstructed from pairs of opposite-sign tracks ~ and k% -> r*r B.R = (69.20 + 0.05)%

forming a vertex displaced from the interaction vertex, -
according to track selection and topological cuts: track

o Distance of closest approach (DCA), Cosine of pointing angle, 7,
p(K% daughters),d,(K° daughters) , m;,., v

Proton candidates are selected, according to secondanyypertex,
track quality selection and PID (the main selection, o posivetracy -7/
- KA
using TPC and TOF) .- .,:’G,’P?ﬂnting angle

o/
3 /
/

Primary vertex II do(negative track)

Built A_ candidate, combining K% and proton candidates

Further selection to improve signal extraction, via two methods:
o Topological cuts on several variables (standard analysis - STD)
o Cut on multivariate discriminator (TMVA)

Feed-down correction

Efficiency and acceptance corrections

o Cross section estimate
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N~ pKtt analysis strategy

A~>pKr B.R = (6.35 + 0.33)%

o pKt candidate building

Pairs of opposite charge tracks selected. Third track added to build
a triplet and secondary vertex of the triplet estimated.

Cuts applied: high-quality single track cuts,

cuts on p;daughters, quality of reconstructed vertex,

DCA, cosine of A_ pointing angle (angle between the A_flight line
and the momentum of the reconstructed A_candidate), Bayesian PID.

o Further selection to improve signal extraction, via two methods:
o Topological cuts on several variables (standard analysis - STD)
o Cut on multivariate discriminator (TMVA)

o Feed-down correction
o Efficiency and acceptance corrections

o Cross section estimate
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Charmed -hadron reconstruction

Semileptonic decays

+ B Ei

o Wrong-Sign (WS) e"A (e=") pairs subracted from Right-Sign (RS) E:';VESS%M ev/c? ,V? rzy(zjznc MeV/c?
e*/\ (e*=") spectra, to estimate the combinatorial background. Quark: udc Quark: usc
CT =60 pm ct =34 um

o PID for electrons using TOF and TPC.

Branching
fraction (%)

At — etAve 3.6
=0 et=Ve Unknown

Decay

o Subtracted contributions from:
o NJL(Z,°) in WS spectra

o Z=.in RS spectra, for A* analysis.
Phys. Lett. B 781 (2018) 8-19

(2] ! I ! ! ! ' 1 I I
o Unfolding technique used to convert the e*A (e*=)5 [ (b) —4— ALICE 1
p; spectrum in A (2.0 0400__ 4y 4 pzo\j - 7:Tvev :
i —— and charge conjugates
o Subtraction of contribution from beauty hadrons i - — * R'ghts'g_“ ]
(only for A_*) 200}~ e VVrongsen
! == i
o Corrections for acceptance and efficiency 0:::I | \L =f=*
15 2 25 3

M(eZ) (GeV/c?)

- ——— ]
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https://www.sciencedirect.com/science/article/pii/S0370269318302570?via%3Dihub

A= pPKCs and Aj— pKrrt signal extraction in p-Pb

faN] 023X10 [ T T T T T] fa] 70X10 | L L
§ - ALICE Prellmlnary ] § ALICE Prellmlnary
%0.22;— p—Pb, \ s, = 5.02 TeV 12 | p-Pb, \s,, =5.02 TeV
3021 T<p <2GeVic] @ 4<p <6GeV/c]
. 1 Z 65 : :
3 o | o Signal extracted via an
5020 1 £ invariant-mass analysis.
|
019 Al s K+ ce. 801 Az - pK+cec. i g
r < [ s tion an
0.18f 1 =2:287%0.002 GeVic E " 1= 2.289 0001 GeV/c © Decay topolf)gy _Selec
- 0009 GeVio (ixed to MO) ; 60010 GeVic (bed o MO) ¥ Multivariate approach
0178 S(ES0) = 790321049 L F [ S(£30) - 6685 + 494 | 1
232 2% 23 2 PETaz S ot 5 e 54 (Boosted Decision Tree) used.
(PKy) (GeV/c?) M(ng) (GeV/c?)
N011.0><1° Ty,
= ALICE Prellmmary S - ALICE Preliminary
§1o.5:— p-Pb, | 5, = 5.02 TeV 3 2% p-Po, |5,,=5.02TeV
310026<pT<SGeV/C N [ 12<p <24 GeV/c
s i A K i . .
L 82001 T PEEST o Signal extracted in 1-24 GeV/c
%o i Ly * ! o Wider and finer binning with
-w |
9.0 N oK o 150 u ft ﬂ i } + respect to Run I.
L=2289 +0.001 GeVic [ = 2.291+0.002 GeVic ] .
8.5 1 o = 0.008 GeVic (fixed to MC)] 100} L 0.010 GeV/c (fixed to MC) . https://arxiv.org/abs/1712.09581
:|+ S(80) =4171£277 ] [ S(+30)-238+48 |
855 555 23 23 225 2.3 235
M(pKr) (GeV/c?) M(pKn) (GeV/c?)
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https://arxiv.org/abs/1712.09581

Results from Run 1

o (A;/D°),,=0.543 £ 0.061 (stat) + 0.160 (syst).

o (A;}/D°),p,=0.603 0.060 *0-337 (syst)

At/ D° ratio higher than previous measurements in e*e- and ep,
and at lower centre-of-mass energies:

AZ/D" + stat. + syst.  System /5 (GeV) Notes
CLEO 0.119+0.021£0.019 ee 10.55
ARGUS 0.127+0.031 ee 10.55
LEP average 0.113£0.013 = 0.006 ee 91.2
1 < 0% < 1000 GeV?,
ZEUSDIS 0.12440.034409%  ep 320 ¢

0< pr<10GeV/e,0.02 <y< 0.7

ZEUS yp. 130 < W < 300 GeV, Q% < 1 GeV~,
v 0.2204+0.03570027  ep 320 0

HERA [ : pr > 3.8GeVie, || < 1.6

ZEUS 130 < W < 300 GeV, 0” < 1 GeV?,
" 0.107+£0.018799%  ¢p 320 Q< 1Ge

HERA II pr > 3.8GeVie, [n| < 1.6
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A,/ D° ratio vs LHCb

arXiv:1712.09581v1

arXiv:1809.01404
LA DL L L L

o F T T T T | T T T | =
[} - . (=]
~ 0.9F 2<p. <8GeVic - ~ 0.6
+ 0 E T ] 1:,.
0.8 ALICE = o
- ® pp,\s=7TeV .
0.7 = p-Pb, |s,, =502 TeV

-

: By
P

] - |8 .
0.62— + LHCb —i 04+ H H] —
0_55_ O pp,\s=7TeV _f B _ | T m [T] .
0.4 - = I EIJ m + i

—— EPS0SLO [HCh
- = I p— EPSO9NLO
02t i nCTEQ15 PPb 5=5 TeV
0.1 - - L 4 dats 20<p_<100GeVic
0.0: . | ‘ . . | . ‘ . | 7 0 PR N T S AT S SR TR SH SR T SR S S N
0 2 4 4 -2 0 2 4
Y e

O AJ/DY%in p-Pb collisions recently measured by the LHCb experiment shows
a flatter trend with rapidity, differently from pp results.

O Tendency for higher values at midrapidity (ALICE) than forward and
backward rapidity (LHCb).
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Theorists at work after our paper

ALICE LHCb Hai-hong Li et al., arXiv:1712.08921
- 7 TeV 32355 | (b o p-Pb5.02 TeV
Q - PWHIQS{@R I'u'IoheUJ @) . () 1.5<y<4.0
+ & | ---- DIPSY(ropes) | ----nCTEQNS
< HERWIG? . FEZ%EFE%E%V : _Egggg%o
0.5 é\g 0.5 . . . . . N
- H +ﬁ—$— - TS o Predictions using hadronization via

recombination model reproduce
ALICE results at central rapidity and

— 2
ral
Bl
ol
[
=k
-
ra

E )= ~AN—
ral
FS
On -
|
-
=y
-~
o

o | (e mmaow - (@) acu the LHCb ones at forward rapidity in
< AR — Rau-029 -Pb collisions
P * LHCb-CONF-2017-005
0.5 0.5
m o Ry, relative production of single-charm
T2 a6 8 10 12 m? 4 6 8 10 12 baryons to single-charm mesons, treated
3 3 QCM
- () I acy e 0 as parameter of the model.

Rpy,=0.425+0.025

o Initial p; distributions of light and charm
guarks are input of the models.

107k

L O Ac1.5<y<4
F o D°1.5<y<4

10°

do/(dpdy) ub(GeVi/c) "

E m Al-0.96<y<0.04

.
PRI BRI BN SRTIN B SRR BEPEL THE B

8 10 12
p,(GeV/c)

0 2 4 & & 10 12 0
p,(GeV/c)

27/06/2019 E. MENINNO




First measurement of A, production in Pb-Pb

collisions at the LHC ALTCE
Phys.Lett. B793 (2019) 212-223
[ >} 3 1 Ll 1 I 1 1 Ll I 1 1 1 I 1 | Ll I 1 | 1 I 1 Ll 1 I 1 3
o
>~ F - | = Ko: three quark (0-5%) |
< [ . 0-80% Pb-Pb, | s, = 5.02 TeV, |y|<0.5 | | - Ko: di-quark, (0-5%) i
op, 15=7TeV, [yl<0.5 | | - Greco (0-20%) STAR Prefimi
L © (JHEP 04 (2018) 108) | | —PYTHIA reliminary
2 p-Pb,| Sy =5.02 TeV, 0.96<y<0.04 =i ol Au+Au, Ysy, =200 GeV |
i (JHEP 04 (2018) 108) - R 10-80% -
i ALICE T - .
L i : ".“\-“;.\' + i
=] AN
1_ 1 [ ,': -—— \4.'\ ]
| 4 L. ~ ‘\; a
- . o, !
- E L .
I —— ! i ““o
# - ~. .
O L 1 1 I L 1 1 I L 1 1 l L 1 1 l 1 1 1 I 1 1 1 I 1 0 A I I I ' ' I
ALI-PUB-309064 p; (GeVic) p, [GeVic]

o N, /D%higher (20) than that in pp and p-Pb collisions.

o N./D°results described by model calculations including only coalescence.
Catania: Eur.Phys.J.C (2018) 78:348

o A.*/D%in 6 < p; <12 GeV/c similar to STAR values in 3-6 GeV/c.
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ALICE upgrade
Data taking will start in 2021

o Significant upgrade forseen, aiming at:
o Improve impact parameter resolution by a factor 3
o Improve vertexing and tracking at low p;
o 50 kHz interaction rate in Pb-Pb (now < 10 kHz)

How?
o New smaller radius beam pipe
o New inner tracking system:
o high resolution, low material
budget
o Upgrade of the readout systems of
most subdetectors to copy with the
high rate
o New Muon Forward Tracker (MFT)

Main physics goal of the ALICE upgrade:
Charm and beauty-hadron measurements down to very low p;
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ALICE upgrade

o A, measurement in Pb-Pb collisions: one of the main goal of the ALICE
uiogmde

TT TTT TTrT TTT L ) TTT TT 7T LI o 10 TTT TTT I TTT TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT
< . - | ] | | ARRERRRS 8 C ]
T 18F A PKT Pb-Pb\[s =55 TeV] Q Pb-Pb,\/s, =55 TeV ]
16E Liy = 10 nb, centrality 0-20% 3 §D - L. =10 nb", centrality 0-20% -
r ] o L i
1.4 - Aﬁ’ Y —— ALICE A/Kg param (2.76 TeV)
- ] QO [ & SECCCLCE Ko et al. (200 GeV) 1
1-2:_ m B < | ! —— TAMU, Rapp et al. (2.76 TeV) |
R E— —: "
0.8 H_ = | |
0.6 'H‘ -
N ]
0.4 | 7 |_|
0.2 it = I |_| i
L1y I L1 I . I L1y I L1 I L1 I Ly I L1y I Ly I L1y I L I: 111 I 111 I L1l I 111 I 111 I L1l I 111 I L1 1 I L1l I 111 I 111
G2 46810 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22

CERN-LHCC-2013-024 P (GeVic) p, (GeVic)

o A/J/D%baryon/meson ratio and A_*baryon R,, will be measured in charm sector

with the upgraded ITS.
o Improvement in spatial resolution allows for a cleaner vertex identification.

=) A, * production measurable down to 2 GeV/c.
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A Ran

Phys.Lett. B793 (2019) 212-223

g 2T LA e ) e O A S B B A
o | w A% lvl<05,0-80% 7
| p—Pb reference from JHEP 04 (2018) 108 ]
L ® AverageD’,D’, D", |y|<0.5, 0-10% (arXiv:1804.09083)  _
1'5? 2k D, |y|<0.5, 0-10% (arXiv:1804.09083) ]

# charged particles, |17/<0.8, 0-10% (arXiv:1802.09145)

ALICE
Pb-Pb, | Sy =5.02 TeV
05;.. ﬁ il —
L i
07. R B N R
10 20 30 40 50
pT(GeWc)

1.5

<€ 25 T T T T T T T T T T

ALICE Preliminary
0-10% Pb-Pb, \s,,, = 5.02 TeV, |y| < 0.5

—— A
—=— Average D°, D", D"
—u— D

—— charged particles, |y| < 0.8, JHEP 1811 (2018) 13

Filled markers: pp measured reference -

Open markers: pp [ -extrapolated reference —

1 P D o

C Al Ran Dmeson R, 2
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0.5 e

L M 4
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1

licles o5

[ btee—

P, (GeV/c)

ALI-PREL-321872

ALI-PREL-3213908

ALICE

— ‘
ALICE Preliminary

30-50% Pb-Pb, m =5.02TeV, |y[<0.5

—— A}

—=— Average D°, D", D"

—u— D

—— charged particles, |y| < 0.8, JHEP 1811 (2018) 13

Filled markers: pp measured reference

Open markers: pp p : -gxtrapolated reference —

o Hint for a nuclear modification factor smaller for central collisions.

o Suggested hierarchy A_* R,, > (non strange) D-meson R,, > charged particles R,,
o Comparison with D.* not straightforward, due to still high uncertanties
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Results for A,+/D°

ALICE
N/D°vs N/KCs vs p/Tc

‘9 1 T T T T T 11 I T T T L L I T T T 1 LI | 1 T T T UL I 1
"@ L . -
p B pp, \s = 5 TeV pp,1s=7TeV _ ALICE Preliminary o
% i 05 ] p-Pb, | Sy = 5.02 TeV |
0.8 Wl <05 ly| <O. | -096<y, <004 _Pb_
2 L —e— AKY, PRL 111 (2013) 222301 0 P g
< AYD? —a— AD I
> —e— p/m, PLB 760 (2016) 720 —8— A/Kg, PLB 760 (2016) 720
[y} ~ 4
@06 —

0.4 —

0.2 -

0

o Decreasing trend from p; = 4 GeV/c observed in pp and p-Pb collisions.
o Similar trend to baryon-to-meson ratio in the light-flavour sector.
o baryon-to-meson ratio independent of quark content?
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Total cross section

ALICE

arxiv: 1901.07979, D meson production at 5 TeV

Extr. factor to pr >0 | do/dy |<0.5 (Lb)
D' 1.0000* 0008 447 4 20(stat) £ 30(syst) £ 9(lumi) + 5(BR)
D+t 1.2879:33 184 =+ 13(stat) & 13(syst) & 4(lumi) + 6(BR) "33 (extrap)
D** 1.241038 178 £ 15(stat) & 14(syst) & 4(lumi) £ 2(BR) {3 (extrap)
D7 2.35°078 95+ 9(stat) + 10(syst) + 2(lumi) + 3(BR)* 3} (extrap)
A =245 + 14 (stat.) + 9 (syst.) *33 (extrap)
=245 + 14 (stat.) £ 9 (syst.) *50 (extrap)

Considering the A_ extrapolated cross section,
f(c->D%) = 0.389 +- 0.033 (stat.) + 0.085 - 0.070 (syst.)
f(c->D%) = 0.389 +- 0.030 (stat.) + 0.094 - 0.059 (syst.)
~ 20% lower than the value used in the previous total cc cross section (0.542 + 0.024 )

cC cross section per unit of rapidity at mid-rapidity calculated in arXiv:1702.00766 by
dividing the prompt D°-meson cross section by the f(c->D°)

do p?Te\H’d} || <05 = — 054 469 (stat) £ 74 (syst) =33 (lumi) =42 (FF) £ 31 (rap.shape ) pb.

@5TeV: Total cross section ~ 1149 +- 33 (stat.) +- 94(syst.) + 162 - 116 (extrap.)

summing the hadron cross ~ 1149 +- 33 (stat.) +- 94(syst.) + 135 - 81 (extrap.)

sections with the uncertaities
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