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Physics motivations

0 Charmisapowerful probe of theQuarkGluonrPlasma(QGP)
0 Producedn hardpartonicscatteringprocessesn the early stagesof the collision

0 Charmedbaryon production in Heavy lon (HI) collisions sensitive toh#wronisation
processesn the QGP.
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] A Further enhancement expectedtifermalised

-ﬁ 60 light diquark states exist in the QGP.

T 40

|
/

[ : 20

0 1 2 3 4 5 67
Py (GeV) Py (GeV)
Y. Oh et al., PRC 79, 044905 (2009)

0 Detailed studies in small systems (pp anBlxollisions) are required.
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Physics motivations

0 Measurement in pp collisions:
- Important to test predictions fronpQCDand models ohadronisationin vacuum.

0 Measurement in gPbcollisions:
- Important to distinguish colehuclearmatter (CNM) effects

0 Study momentum and multiplicity dependence of charm hadron production
-Enhancement of baryon/meson ratipg™ and( /K at intermediatepin High
Multiplicity (HM) pp and @b collisions.
- Similar to what was observed in HI collisions
Phys. Lett. B60(2016) 720-735

mini-QGP?

influence of colour reconnection? | auce # Pb-Pb 60-80% |5, = 2.76 TeV
0.6[- voA class (Pb-side) - O INELpp\s=7T.. ]
© 0-5% p-Pb | s, = 5.02 TeV #

Particle ratio
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The ALICE apparatus

VO

Inner Tracking System (ITS) ; Triggerandcentrality
vertexing, tracking emnsia i mvn mm A aTAY ) determination
g ou0.9f -3.8<'  -1.7(M0C)
2.8<'  b5f1(WOA)

A T — . v—

=TT ac

[T ' v Ll o
Y ¥ -/
i @ [

[ g—
Time Projection Chamber (TPC) ,!f’ T .
Tracking, PID v@Edx measuremen :

M 0.9F —a
Time-Of-Flight detector (TOF):
PID via timeof-flight measurement
' M F Nnodd
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The ALICE apparatus

VO
Triggerand centrality
determination
-3.8f  '-1.7§V0C)
2.8f '5.1(MOA)

Inner Tracking System (ITS)
vertexing, tracking

M MO.9F

Data samples:

A w! h+f=7TeV: ~3x108 min. bias eventd,;,=6.0nb!

Time Projection Chamber (TPC) - = 1] - ~ 3
Tracking, PID vidEldx measuremen A RUN!I .\/i' —5.(_)2Te_V. 5.9.8x108 Mln. Biasevents L, =19.6nb
§p-Pbcollisions: min. bias trigger usingly,/ ¥g-g=5.02TeV.

' 9F
L0 A RUNI ~ 108 Min. Biaseventscollectedin 2013 L, =48.6>b!
A RUN I-6x 108 Min. Biaseventscollectedin 2016 L, =292>b?
Pb-Pb collisions @/ 8 1 "Hf
A RUN I 108 Min. Biaseventscollectedin 2015 L, =13.4>b?

Time-Of-Flight detector (TOF): | . I l

PID via timeof-flight measurement
M OU0.9F
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Charmed - hadron

reconstruction

Hadronic decays

0 Reconstruction of secondaryertex, displaced a few hundred »im from primary vertex.
0 Candidates selected applying topological selection and PID (using TPC and TOF)

0 Signal extractiorfrom invariant mass distribution, in sevel

intervals.
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- ALICE Preliminary - :
PP, 15 =5.02 TeV _:

[ o=0.007 GeV/c?, fixed to MC
- S(230) = 2632 + 360

——————
1<pT<2GeV/C

: |

#

1L =2.288 + 0.001 GeV/c?

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

N2 P

K

r
T

350 T T
[ ALICE Preliminary

- pp,Vs=5.02 TeV
3001 8<p <12GeVic

Entries / 4.0 MeV/¢2

[ Al > pKnt+c.c.
150 ° P
I u=2.289 +0.002 GeV/c?

[ & =0.008 GeV/c?, fixed to MC
100 [ S(30)=280+52

|

2.2 2.25

23
o 311086 M(pKn) (GeV/c?)

2.35

ALICE

Baryonr .

M = 2284MeVc?
Quark:udc

O = 60>m

Branchin
Decay fraction (“/?n)

A — pKTe )\ 6.35
A+r—pKo, |/ 158
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Charmed - hadron

Hadronic decays

reconstruction

ALICE

0 Reconstruction of secondaryertex, displaced a few hundred »im from primary vertex.
0 Candidates selected applying topological selection and PID (using TPC and TOF)

0 Signal extractiorfrom invariant mass distribution, in sevel

intervals.
NS pKOs

0

2
o
&2

F " ALICE F"r‘eiirﬁi‘néll'y‘ L ‘:
- pPp,1s=5.02TeV 4
1< p. < 2 GeV/c ]

o

o h
@
T T

New resu
in pp@§

_. Entries /4.0 MeV/c
3 o

16L 1= 2.288 +0.001 GeV/c?
[ o=0.007 GeV/c?, fixed to MC
- S(230) = 2632 + 360

15_57.\ [ I BRI B
224 226 228 23 232 234

M(ng) (GeV/c?)

Semileptonic decays

0o WrongSign(WS)e (eRr) pairssubtractedfrom RightSign(RS) *T

nes p K-

[ ALICE Preliminary
- pp,¥s=5.02 TeV

Entries / 4.0 MeV/¢2

[ Al - pKn+cec.

150 -

[ W =2.289 + 0.002 GeV/c?
[ & =0.008 GeV/c?, fixed to MC

a5 ,__

3001 8<p <12GeVic -

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

‘ I2.35I I
M(pKnr) (GeV/c2)

. |
2.2 2.25 2.3

e'l (e'R) spectra to estimate thecombinatorialbackground.

0 Unfoldingtechniqueusedto convertthe e*[ (e'rR)

pr spectrumin [ .;F (RYO)
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Baryong . Baryonr.*
M = 2284MeVic2 M =2471MeMc?
Quark:udc Quark:usc
O = 60>m O =34>m
Branching
Deca
S fraction (%)
A+ — pKm* 6.35
A+ — pKog 1.58
At — etAve 3.6
=0 etz Ve Unknown
SO 4 e
(@] pp, \s=7TeV
_+_++ E e Ev,
—— and charge conjugates -
—— i ® Right sign
200 . ® Wrong sign |
L :i::,: |
ot N
1.5 2 25 3
M(eE) (GeV/c?)
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Results from Run 1 for o °

ALICE

First measurementof)’ production in pp collisions:at/ ¥=7 TeV

Phys Lett. B781(2018) 8-19

G - I I I ] OD T T T 3
L B . =< a ALICE 1
> Tl ALICE ] K (@) = Dats ]
o L pp, \s=7TeV | m 10 pp, \s=7TeV PYTHIAS Monash [64] 3
o0 = 0.5 3 (] ly| <0.5 3
= : ly| <O. 3 7 PYTHIAS (CR, Mode0) [28] 3
. C 32 — e'Ev, ] ° i _] | |
T, ny 10 4] E
> f y E
2 — _$_.
6 10 e $ - == -
E $ 3 _3

E}E’ - ] 10 R R AFFAIAIAK, "0'\\0\0\}%’5
w[f] . | .....,;,;,:.:;:z:z:ztzt:é:é:6:6:1:3:?:?23:32?:?:?3:2:::::2:;:;:::;:;:;:;:;:::;:?
+(D Ll Not corrected for =, decays —$—_ 1 0_4
T 10 = * 3.5% norm. uncertainty not shown 3 3
oo E I | I 3 N R R RN -
O} 0 2 4 6 8 0 2 4 6 8
& p. (GeV/c) p. (GeVic)

0 f crosssectionxB.R.(© QhH &)
in 1<p;<8 GeW

B.Rf © QA &) not known, high
uncertainty bands in the theoretical
predictions.

Hard Probe2018

PYTHI& Monash:P.Skandset al., Eur. Phys. J. Q014 74:3024
Colour reconnection (CRJ): R. Christiansen and Bkands JHE®S8 (2015 003

0 Baryodimesonfj © 'Qfh & /O ratio higher
than theoreticalpredictions

o PYTHIBwith enhanced colour reconnection
mechanisms closer tdata.
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https://www.sciencedirect.com/science/article/pii/S0370269318302570?via%3Dihub

n .* cross section in  pp collisions

ALICE
JHEP 04 (2018) 108 pp@?TeV
§ L pp \s = 7TeV | ]
o 1025 AL 1 GM-VENSPOWHEG
S - ;ﬁ’-‘;'i’j”;,i'fg:j ovaanayses]  (tUNEd ON €e- measurementsyinderestimate
E <05 7 the measured cross section.
o 10e —— —e— ALICE =
-S., - [ ] GM-VFNS ]
— —— POWHEG A
% . ) pyTHiae _
o - 3
© - .
107" 3 + 3.5% lumi. uncertainty not shown E
glof TT——— E
e §
OE 1 E_ ........... 7 I ._EI
210 .
§ % g
I A R s 3
0 5 10
(GeV/c)
GM-VENS POWHEG
Eur Phys. J.41,199(2005  JHEB709 126(2007)
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https://link.springer.com/article/10.1007/JHEP04(2018)108

n .* cross section in  pp collisions

ALICE
HERICOD 108 pp@TTeV pp@5:02:Tev (Rum2) )
§ - ' ! T ' I bpl '\ s ‘= T'Telv ! ! ! . ; - T T T T | T T T T | T T T :
o 1025 A . <D I ALICE Preliminary i
()] - o combination of 3 Q op, Vs = 5.02 TeV
o) - = pKn*, ng and e'v_A analyses | &) 1 02 O ]
= - ly| < 0.5 - o = = lyl<0.5 ]
o 10F —m— —— ALICE = = - a2 .
© - [ JGM-VFNS ] o f o5 —=— A = pK? ]
%“ - —@— [ | POWHEG - S
B 1L +PYTHIA6 _| S, 10E == e A pKT —
R SR E 9 = :
- : Nb C = ]
107 'L = 3.5% lumi. uncertainty not shown = © i i
- e ] 1= =gg= E
8 10 = T g = - .
ST = = C ]
<R ot vz W . i jas 1
- ‘ i 1 0_1 1 2.1% lumi. uncertainty not shown - =
%31 0 — = 1 l 1 1 | 1 1 ] | 1 1 -
B TEE - R p_ (GeV/c)
0 5 10 - .
P, (GeVic) New measurementin pp@5TeV irwider p;range
GM-VFNS POWHEG Importantreferencefor PoPb andp-Pb
Eur Phys. J.41,199(2005  JHEB709 126(2007) CO”iSiOﬂS
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https://link.springer.com/article/10.1007/JHEP04(2018)108

n .* cross section in p

Pb collisions

ALICE

10*

HH

——

T

——

pr \sNN_502TeV

A¢

combination of

pK'=* and

-0.96 < ¥ < 0.04

_-_
=——=====with EPS0SNLO nPDF

dfo/dydp_ (ub/GeV/c)

pK[S’ analyses

—e— ALICE
POWHEG
+PYTHIAB
Shao et al.

and multiplied by A

HHIlIl IIIHHII I |\||I|I| T \I\[Iw T IIIHHl T \H\HI] T

10 =
+ 3.7% lumi. uncertainty not shown 4
' I I | I , I | I I I 1

Q10 = T e -

ol . =

[13] ; ]

a

S - e E

%10 & .
i F

S8 [ o e ——— ’

c’% 1 % 3

0 5 10 15 20
P, (GeV/c)

Recent results
from Runil )

— - T T T T | T T T T | T T ]
> C .
) L ALICE Preliminary 4
% 10* E—* " p-Pb, \ 5, = 5.02 TeV =
a5 = A3 -0.96<y__<0.04 3
= i combination of i
= 403 ' pK 7+ and pK? analyses |
g - &= —=— Run 1, arXivi1712.09581 7
o B —e— Run 2, preliminary .
o) 2 _|
N 10 = — 3
© i — . E
oL P- Pb@5.02>TeV (Run2) ~
B # §
1 — + 3.7% lumi. uncertainty not shown —
E 1 1 | 1 | | 1 1 1 | 1 -

0 10 20
p_ (GeV/c)

0 [ . pydifferential crosssectionunderestimatedby theoreticalmodelsin
p-Pb (andpp) collisions

0

Hard Probe2018
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Improvedprecisionandextendedp; range withRunll data.

POWHEGHEP0709, 126 (2007)

Lansbergnd Shao
Eur Phys. J.77, no.1, 1 (201



https://link.springer.com/article/10.1007/JHEP04(2018)108

Results for n .*/D ©

ALICE
pp@5.022TeV pp@7TeV
o B T T T T ‘ T T T T ]
e 1.4~ ALICE Preliminary |
< [ pp Vs=502TeV pp, Vs =7 TeV ]
1.2~ |y| <05 ly| < 0.5 ]
- e data —e— data (JHEP 04 (2018) 108)
1.0— —— PYTHIA8 (Monash) —
C e PYTHIAS (CR Mode0) i
0.8 - e DIPSY (ropes) N
T <o HERWIGT - Newmeasuremenin pp@5TeV
061 H - No significantdifferencesw.r.t pp@7TeV
oa- [ "By g -
il i ]
[ ismsnn tp “*-’TN"’ PYTHI& Monash:P.Skandset al., Eut Phys. J. @014) 74:3024
030 3¢ Colour reconnection (CRJ: R. Christiansen and $kands JHE®8 (2015 003
p. (GeVic) DIPSYJHEMS (2011) 103

HERWI@: Eur. Phys. J.58 (2008 639-707

o All the models underestimate our measurements.
o PYTHIA8 witbnhanced coloureconnection mode closer to data.
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Results for n /D ©

ALICE
p-Pb@5.022TeV
pR@5.02Tey pp@7TeV
(e»] T T T T ‘ T T T T
[ C - ]
— 1.4~ ALICE Preliminary ]
+ O - —
< C pp, Vs=5.02 TeV pp, Vs =7 TeV ]
1.2~ |y| <05 ly| < 0.5 ]
- e data —e— data (JHEP 04 (2018) 108)
1.0— —— PYTHIA8 (Monash) —
T PYTHIAS (CR Mode0) |
- e DIPSY (ropes) N
0.8 e HERWIG? |
0.6~ p-Pb, s, =5.02 TeV ]
- 096 <y  <0.04 .
0.4— data /
5 (JHEP 04 (2018) 10 ]
0.2 § .
- Smnranontly e N e e et . .
RS i PYTHIE Monash:P. Skandset al., Eur Phys. J. @014 74:3024
0.0 R Colour reconnection (CRJ: R. Christiansen and $kands JHE®8 (2015 003
pT (GeV/c) DIPSYJHERS8 (2011) 103

HERWI@: Eur. Phys. J.58 (2008 639-707

o Allthe models underestimate our measurements.
o PYTHIBwith enhanced coloureconnection mode closer to data.

0 p-Pbresults agree witlpp ones within uncertainties.
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Results for n /D ©

) ALICE
+/N O 0
N.S/D%vsn/K % vs p/l
-‘%08 LI LI | I T T T T | T T T T I LI I I I I LI} 1 I 1 ) | I I I I I I I I 1 I 1 I 1 I I I 1 I
g8 [ - ALICE Preliminary
£ + p—Pb, | 5, = 5.02 TeV
*30.6 - — A;/DO W) —_ -0.96 < Yems < 0.04 —
§ : pp, \1s=7 TeV :- -a— A}D° )
i ly| <0.5 i _m_ —e— A/KZ, PLB 760 (2016) 720
0.4 —e— A/KS, PRL 111 (2013) 222301~ —¢-p/z, PLB 728 (2014) 25-38  _
- | —e— p/m, PLB 760 (2016) 720 - | 6
2 5 p-Pb
S+ o :
1 I 1 1 1 1 I 1 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
15 20 ) 5 10 15 20
P, (GeV/c) P, (GeV/c)
ALI-PREL-31105¢
0 Decreasing trend fromp; =4 GeVk observed in pp and-fb collisions.
o Similar trendo baryonto-meson ratio in the lightlavour sector.
Hard Probe2018 E. MENINNO 11




n.,/D °ratovs LHCb

ALICE:: pp@5.022TeV pp@7TeV ALICE
LHCW: pp@7TaW/
s

1

Ay/D°

ALICE Preliminary
® pp,Vs=5.02TeV, |y| <0.5
® pp,Vs=7TeV, |y| <0.5 (JHEP 04 (2018) 108)

0.8

0.6 LHCb

pp.Vs=7TeV,2<y <45

*ﬁ-ﬂ% ;t " (Nucl.Phys. B871 (2013) 1-20)
H %‘H‘

+

0.4

0.2

IIIIIIII!*!!IIIIII
=t

o) P E N R R R
5 10 15 20 25

P (GeV/c)

ALI-PREL-311148

0 ALICE measurements higher tHadChn pp collisions.
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http://arxiv.org/abs/arXiv:1809.01404

ALICE::

n. /D Y ratiovs LHCb

PR@5.02TeY\/ pp@7TeV

ALICE

~-Pb@5.022TeV :
LHCW: 77%\/ LHCharXiv1809.01404
< B ALICE Preliminary - i - 3 i
i e pp, {5=5.02TeV, |y <0.5 ] = | LHCDb pPb \5,,,=5 TeV |
0.8 ® pp,Vs=7TeV,|y| <0.5 (JHEP 04 (2018) 108) - 25<y*<40 -
= p-Pb, |5, =5.02 TeV, -0.96 < y < 0.04 . 04 _
0.6 LHCb ]

pp,Vs=7TeV,2<y <45 - - -
Nucl.Phys. B871 (2013) 1- - i i
0.4 1 (Nucl.Phys. B871 (2013) 1-20) . 0o[ — epststo -

- i ] | - ~ EPS09NLO
o2f1 *FH} il . | — - nCTEQ15 1
| i - —4— data i

0 C PRI (NN T SN TR T AT T SN TR S AN TR SO SN S S N S S T ] [I 1 1 1 ] 1 ] 1 ]
5 10 15 20 25 2 4 6 8 10

P, (GeVio . [GeV/c)

0 ALICE measurements higher tHadChn pp collisions.

0 [./D%in p-Pb collisions:
0 ALICEndLHClpoints arecloser than in pp collisions
o Tendencyor higher values at midrapidity than forward and backward rapidi
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http://arxiv.org/abs/arXiv:1809.01404

b

a C
s r
1.8

1.6
1.4
1.2

0.4

0.2f
0_ { I

ALI-PREL-311160

N . huclear modification

factor

Rpr

1
0.8F
0.6F

LI I
ALICE

-0.96 < y < 0.04

p-Pb, \ sy = 5.02 TeV

POWHEG+PYTHIA6
—4- D mesons (average D°, D*, D™)

I L I T I LI ] I L I L L I 1T I LI I LI | I LI

Y

»@4 with CTIONLO+EPS09 PDF (A,)

POWLANG transport model
=0~ D® meson "= (charmed hadrons)
I | - I - - l 11 1 I 11 1 I 11 1 l 1 1 L ll l Lokl I | - I 11 1 l 11
2 4 6 8 10 12 2 4 6 8
[N (GeV/c)

10

b
[N (GeV/e)

pp reference
new measurementat 5 TeV

0 [c+ I:i)Pb
compatible with
unity

o Compatible with
D-mesonRpy,

0 Compatible With po\yHEG+pYTHIMIth CTLONLO+ER® PDF- only CNM effects

models within
uncertainties:

Hard Probe2018

Included

E. MENINNO

-POWLANGE small QGP formation included

POWHEG +PYTHbArton shower: JHER®709:126,200

POWLANGIHER3(2016)123
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First measurement of  n . productionin Pb - Pb

collisions at the LHC ALICE
New omarXivt arXiv:1809.10922

x10°

T | T T T T | T T T T | T T T T T T T T T T
T u=2.28610.003 GeV/c?

I~ o =0.014 GeV/c?, fixed to MC
| S(*30) = 2299 + 407

—_
(¢)]

Al > ng +C.C.
ALICE 6<pT< 12 GeV/c

Entries / 5.0 MeV/¢?

—
N
T T T

13

0-80% Pb—Pb, | 5, = 5.02 TeV

Il Il | Il 1 1 1 I 1 Il 1 Il | 1 1 1 1 | 1 Il Il Il | 1 1
2.2 2.25 2.3 2.35 2.4
M(ng) (GeV/c?)

ALI-PUB-311326

0 Analysis of S ThLJ¥ with topologicalcut selectionin 0-80 % centrality
and for 6 Pp;< 12 Ge\t.
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https://arxiv.org/abs/1809.10922

First measurement of N . production inPb - Pb

collisions atthe LHC ALICE
New omarXiv arXivi809.10922
g 2 T T T T I T T T T I T T T T ‘ T T T T | T T T T
N >,<1Q3H - o | o A lyl<05,0-80% 7
§ roon I2 28610 0‘03 G.eV/c;2I . i p—Pb reference from JHEP 04 (2018) 108 ]
=e. - Y 0 4 4 o -
g 15 5-0014 GeV/c2, fixed to MC _ L ® AverageD", D, D", |y|<0.5, 0-10% (arXiv:1804.09083) -
= | S(+30) = 2299 + 407 7 1-5__ g D, |y|<0.5, 0-10% (arXiv:1804.09083) 7]
e} - B
P L Ag — ng +C.C. i - ¢ charged particles, |1]<0.8, 0~10% (arXiv:1802.09145) 7
-G:’ - ALICE 6<p_<12GeV/c . + R I :
o 14 ! — r] c AA A== o n e mes e [T .
I i Reference: 7
Je HeE;): ezoﬁlobi?)? H ALICE ]
1 ( (2018 108) | Pb—Pb, | 5, = 5.02 TeV _
0-80% Pb—Pb, | 5, = 5.02 TeV ] - ‘Eﬁ}.ﬁiﬁuﬁ # ]
Il Il | Il 1 1 1 ‘ 1 Il 1 Il | 1 1 1 1 | 1 Il Il Il | 1 1 - —
2.2 2.25 2.3 2.35 2-4 0 | | | I I 1 I | | I 1 I 1 1 ‘ | I 1 1 | L 1 1 1 |
M(pK®) (GeV/c?) 10 20 30 40 50
s p. (GeV/c)

0 Analysis of ;THpKPswith topologicalcut selectionin 0-80 % centrality
and for6 <p;<12GeVk.
0 [ Ruain 0-80% for6 <p;<12GeVE higher(1.7 ) than that of D’ mesons

0 Suggestedhierarchy; .- R, >D." R,, > non-strange DmesonR,,?
=) baryonproductionincreasedoy hadronisationviacoalescence
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https://arxiv.org/abs/1809.10922

First measurement of  n . productionin Pb - Pb

collisions at the LHC ALICE
New omarXiv arXivi809.10922
g 2 T T T T I T T T T I T T T T ‘ T T T T ] T T T T

N >,<1‘03‘ - o | A lyl<0.5,0-80% 7
§ u I2 28610 0‘03 G.eV/c;2I . i p—Pb reference from JHEP 04 (2018) 108 ]

=e. - Y 0 4 4 o -
g 15 5-0014 GeV/c2, fixed to MC _ L ® AverageD", D, D", |y|<0.5, 0-10% (arXiv:1804.09083) -
= | S(+30) = 2299 + 407 7 1-5__ g D, |y|<0.5, 0-10% (arXiv:1804.09083) 7]

0 B
P Ag — ng +C.C. i - ¢ charged particles, |1]<0.8, 0~10% (arXiv:1802.09145) 7
-G:’ ALICE 6<p_<12GeV/c . + R I :
o 14 ! — rl c AA A== o n e mes e [T .
------------ e e —
] ( (2018 108) | Pb-Pb, | 5, = 5.02 TeV _
0-80% Pb—Pb, | 5, = 5.02 TeV ] - ‘E&ﬁigig # ]
Il Il | Il 1 1 1 ‘ 1 Il 1 Il | 1 1 1 1 | 1 Il Il Il | 1 1 - —
2.2 2.25 2.3 2.35 2.4 0 | | | I I 1 I | | I 1 I 1 1 ‘ | I 1 1 ] L 1 1 1 |

M(pK®) (GeV/c?) 10 20 30 40 50
s p. (GeV/c)

0 Analysis of S ThLJ¥ with topologicalcut selectionin 0-80 % centrality
and for 6 Pp;< 12 Ge\t.
0 [ Ruain 0-80% for6 <p;<12GeVE higher(1.7 ) than that of D’ mesons

0 Suggestedhierarchy; .- R, >D." R,, > non-strange DmesonR,,?
=) baryonproductionincreasedoy hadronisationviacoalescence

0 Waiting for2018Pb-Pb run: exteng; interval, finer granularity iprand centrality.
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First measurement of  n . production in Pb
collisions at the LHC

arXivl809.10922

OO 3 1 1 1 I 1 1 1 I 1 1 1 I 1 I 1 I L] I 1 I 1 Ll 1 I 1 C)O 3 L] 1 Ll I 1 L] Ll I ] T Ll I 1 1 Ll I 1 1 Ll I 1 1 1 I 1
Iy B 7] ayd B * 0-80% = =9. A 7]
Py < 0-80% Pb-Pb, | S = 5.02 TeV, |y|<0.5 L 0-80% Pb-FD, | sy = 302 TeV, y1<0.5
i 7 - —— Catania, fragm.+coal. 7
o PP1S= 7 TeV, |y|<0.5 T . - - - Catania, coal. T
- (JHEP 04 (2018) 108) - : S Shao-Song, R, 0.425 T
2~ p-Pb,|sy,=502TeV, -0.96<y<0.04 - 2 -7 ~< '\ - —ShaoSong,R_=1.2 -
i (JHEP 04 (2018) 108) 4 |- , oM i
I \\ —
] ALICE - « ALICE
— - \ \ \\\ —
- - - ~ \\ —
1 — 1 N .
L o - > .
h _____ N o
%
0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 0 1 1 1 1 1 1 1 1 1 1 1 I- : .I' 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
ALI-PUB-309064 Py (GeV/c) p, (GeVic)

CataniaEur.Phys.J.(2018) 78:348

0 [/D%higher(2" ) thanthatin pp and pPb collisionsshaeSongPhys Rev. ®7, 064915
0 [."/DCresults described bgnodel calculationsincludingonly coalescence
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First measurement of  n . productionin Pb - Pb

collisions at the LHC ALICE
arXiv:1809.10922
OD 3 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I Ll 1 1 I 1 1 1 I 1 3
™ I . | = Ko: three quark (0-5%) i
< |« 0-80% Pb-Pb,|sy,=5.02TeV, [y<0.5 | [ = Ko: di-quark, (0-5%) |
pp, 15 =7 TeV, |y|<0.5 1 | = Greco (0-20%) _
| © (JHEP 04 (2018) 108) | | —PYTHIA STAR Preliminary ]
2 p-Pb, | Sy = 5.02 TeV, -0.96<y<0.04 — ol Au+Au, \sy, =200 GeV |
L " (JHEP 04 (2018) 108) i i 10-80% |
i ALICE 1 - .
I I E -~ u\- | :
ln 3 N .-": - -'\-..‘\\+ + N
- Ay —4— - e’ S :
5 ‘H; + b _ <\,‘
w - ~. -
s i I e
O L 1 1 I L 1 1 I L 1 1 | L 1 1 l 1 1 1 I 1 1 1 I 1 0 I I I I
0 & 4 6 8 10 & 1 \/2/ 55 35 5 5
ALI-PUB-309064 pT( ev/c) P- [GeV/c]

0 [/D%higher(2" ) thanthatin pp and pPb collisions

0 [./D°results described bgnodel calculationsincludingonly coalescence
CataniaEur.Phys.J.2018) 78:348

0 [."/D%in6<p;<12GeVk similar to STAR values3-6 GeVc.
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Conclusions

ALICE

Measurements of charmed baryons with ALICEIn pp andp - Pb
collisions

0]

o

Hard Probes 2018

New measurements in pp&eV more p; ¢differential and covering a widgx;
range. Importantreference for PEPb
Productionhigherthan theoreticalpredictions tuned on e'e- measurements
0 violation of fragmentationuniversality?
[ '/ DPin p-Pb : similap; trend as baryon to meson ratio observed in light flavou

sector.
[ .- RppcOmpatible with unity, with D mesons and with models including CNM

effects or small QGP formation.
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Conclusions

ALICE

Measurements of charmed baryons with ALICEIn pp andp - Pb
collisions

0]

o

o

o

Ne

New measurements in pp&eV more p; ¢differential and covering a widgx;
range. Importantreference for PEPb
Productionhigherthan theoreticalpredictions tuned on e'e- measurements
0 violation of fragmentationuniversality?
[ '/ DPin p-Pb : similap; trend as baryon to meson ratio observed in light flavou

sector.
[ .- Rpycompatiblewith unity, with D mesons and with models including CNM

effects or small QGP formation.
analysis in Pb- Pb collisions

0 [."/DP: Hintof enhancementZ ) with respect tgop and pPbcollisions

0 [."/D%in PbPb described bymodelsincludinghadronisatiornviacoalescence

0 [ "Rua: hint of hierarchy( ;f Ryy>Ds" Rya > DP Ryp

o Still large uncertanties : Waiting for 2018 Pb- Pb data

Hard Probes 2018
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Physics motivations

0 Charmisaverysensitive probe of thQuarkGluonPlasmaQGP)
0 Producedn hardpartonicscatteringin the early stagesof the collisions

0 Charmedbaryon production in Heavy lon (HI) collisions could give an insight
into the hadronisationprocesses in the QGP.

a
A /D

— fhree-quark model
—— diquark mode!
8 PYTHIA

©

0.-.1---2---3---4-
p; (GeV)
Y. Oh et al., PR, 044905(2009

20

A, /B
I TT I TTT |' LI 'I Trr | TT
s — three-quark modea!

3 == diguark model
—-8—=8 PYTHIA

—
0
—

——

T\
/
/

I TR R B R

|
/

. »nln-l B
) .I"‘I

4
/!

PR I W

Py (GeV)

120

100

80

60

40

20

Enhancement of ;*/ D° (and( ,*/ 69) ratio is
predicted in coalescence models. Further
enhancement is expectedtiiermalisedlight
diguark states exist in the QGP.

10

0 .
ACfD ratio

Coalescence plus fragmentation modellingj

the peak region quite good agreement with the |

experimental data by STAR.
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S.Pluma

- RHIC:

o STAR (10-60)%

Au+Au@200 GeV

NE

riet al., arXiv:1712.007:
| AR LAY RARRS LAARE RLLRN RARRY RARRN A B

[ == coal+fragm

coal+fragm ]
(fraction PYTHIAS) -
= only coal 1

TN

LHC:
Pb+Pb@2.76 TeV

0



Physics motivations

0 ALICE and CMS observed enhancement of baryon/meson ratio at intermpgliatdigh
Multiplicity (HM) pp and g”bcollisions.
o Similar to what was observed in HI collisions

Phys. Lett. B50(2016 720735

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

w 5-10% p-Fb

|CLo.5F ¥ 20-40% p-Pb

# 60-80% p-Pb

0
S

0 2 4 6 81012141618 0 2 4 6 8 16012141616 0 2 4 6 8 1012 14 16 18 x 2; ALKI;EI F;}:I'bi,‘lsm:_l5lo2l-|';v F ALKI;EI, Fl»bip;,‘:s:m; ;I%E-Tévn
p_ (GeV/c) 'E '2 - \VOA Multiplicity Classes (Pb- sn:le}-E_
e 0-5% * -59
T T 1.8 £~ =] 60-80% =+ -
ALlCE ¢ Pb Pb 60 80/ VSNN-276TeV 1.6F =k
o INEL pp Vs =7 Te\’ = ¥
o 98 VoA class (Pb-side) 1.4F =+
= 0 0-5% p-Pb sy, = 5.02 TeV 1.2F *
e : 1 =+
) 0.4 7] = = &
2 F ER N
= OF s E
S 02 i 0.4F ;ﬁ 4
0.2F
: ) PPN EPE I B i
0 1 2 3 4 5 6 7 8 0 2 4 6 8
p. (GeV/c) P, (GeVic)
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Physics motivations

0 Measurement in pp collisions:
o Important to test predictions fronpQCDand the models ohadronisationin vacuum.
0 Measurement in gPbcollisions:
o Important to distinguish cokthuclearmatter (CNM) effects, that can
affect the charm hadron production.

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

o Differences observed in pp collisiof@JF+LHCGhvith respect to & collisions (LEP) i
the beauty sector http://pdag.lbl.gov/ 2017/reviews/rpp 2017-rev-b-meson-prod-decay.pdf

A hint of nontuniversal fragmentation fractions
for baryons in the beauty sector
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Charmed - hadron reconstruction

Hadronic decays

0 Reconstruction of secondaryertex, displaced a few hundred »im from primary vertex.

0 Candidate selected applying topological selection and PID (using TPC and TOF)
0 b "cuts, Bayesian approach

Baryonr .
0 Signal extractiorfrom invariant mass distribution, in sevel M =2284MeVc?
intervals. K0 K Quarkiude
s PK nes p 0=60>m
N18-5j' T T L R T T L — ™T] [aY] I L L
§ . ' ALICE Preliminary ] §350; ALIGE Preliminary 1 D Branching
= ] ’ 5 GeV/ =300 8<p, <12GeVic
S <p, <2GeV/c 12t +— pK-r* 6.35
N7 1 F AP
8 I 18 A — pKog 1.58
S 17¢ 4 B
TR 4 o
16.5 ++ 1501_ A, = pKnt +c.c. 1
16L 1 =2.288 0,001 GeVic? ; h-2.269% 0002 GeVlc” o ] Positive
[ ¢ =0.007 GeV/c?, fixed to MC ] L ayn. ] .
: g‘(ﬂc) =|2622;36|Se Io | ] 'OF See0 =205z e 'frac
195 224 226 228 23 232 234 2.2 225 2.3 235 T

Negative

M(pK®) (GeV/c?) M(pKn) (GeV/c?) track
s

0 Subtractionof contributionfrom beautyhadrons(feed-down).

7
do(positivetrack). - R

o Correctiondor acceptanceandefficiency gl -

// Pointingangle
AR
/

Primaryver®x—a 4 (negativetrack)

Hard Probe2018 E. MENINNO




n.'s pK°s and n. s pK*l - signal extraction inp -Pb

3
N0023X10 [T T T T 7] ol 70X10 T | L L
S ALICE Prellmlnary ] § ALICE Prellmlnary
go.zz— p-Pb, \ 5, = 5.02 TeV —j 2 [ p-Pb sy =5.02TeV
C f T<p <2GeVic] 2 4<p_<6GeV/c
0 0.21 T 65 . .
2 o 0 Signakxtractedvia an
15020 1 & | iInvariantmassanalysis
w i
019 4+ 0 u i
A PR+ C.C. 600 Az o pK(S’+ c.c. .
0.18f K =2287 iezeff(ﬁfe\gfc MO) . " 1= 2.289 £ 0.001 GeV/c O DecaytopoI.ogy.selectlonand
i S(+30) = 795341049 ] [ ©=0.010 GeV/c (fixed to MC) + Multivariate approach

i S("‘SG? 6685 +494

0152 R N < > s 53354  (BoostedDecisionTreg used
(PKg) (GeV/c?) M(pK’) (GeV/c?)

m11.0><103 ———1 loy —
~>(3 ALICE Prellmlnary ] § I ALICIIE Preliminargl/ |
§1o.5:— p-Pb, | 5, = 5.02 TeV 3 2% p-Po, |5,,=5.02TeV ]
_‘_':100:_6<pT<SGeV/C N [ 12<p <24 GeV/c
o VU0 A K i . :
: 82000 CPReS T 0 Signal extracted it-24 GeVk
i 99F T | * i 0 Wider and finer binning witl
150 Y
9.0 A > pRRs 60, T HH ﬁ respect to Run |
i =2.289 0001 GeVic ] L 1 =2.291+0.002 GeV/ ] :
8.5 ! c=0008 GeV/c (fixedtoMC)]  100[- b 0,010 Gevie (fxed to MC) . https://arxiv.org/abs/1712.09581
S A [ S(+30)-238+48 |
8.%2 525 23 235 — 225 23 235
M(pKr) (GeV/c?) M(pKn) (GeV/c?)
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n .S pK% analysis strategy

[ JTPKsB.R =1.5850.08%
0 Koscandidatereconstructed from pairs of opposigign tracks and K™+ - B.R =§9.205 0.05%

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

o Distance of closest approach (DQ29sine opointingangle, e
p{KPsdaughters),(Ksdaughters) @ ;b b

o Protoncandidatesare selected accordingto Secondary/Overtex
track quality selectionand PID(the mainselection «osivetracy .-~/
USiﬂgTPC and TOF) -~ '.:”,’Plaintingangle

o
0. / I

K /
anaryvertei\‘ll dy(negativetrack)

o Built pcandidate, combiningK’s and proton candiidates

o Furtherselectionto improvesignalextraction viatwo methods
o Topologicalkutson several variables (standard analysiSTD)
o Qut on multivariate discriminator (TMVA)

o0 Feeddown correction
o Efficiency and acceptance corrections
0 Cross section estimate
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nspKlI analysis strateg

[ JHLIYB.R = (6.350.33)%

o pKi candidate building

Pairsof oppositechargetracksselected Thirdtrackaddedto build
atriplet andsecondaryertexof the triplet estimated
Cutsapplied: high-quality singletrack cuts,

cutson pydaughtersquality of reconstructedvertex

DCA, cosine qf_ pointingangle (angléetweenthe [ . flight line
and themomentumof the reconstructed; .candidate) BayesiarPID.

o Furtherselectionto improvesignalextraction viatwo methods
o Topologicakutson several variables (standard analysiSTD)
o Qut on multivariate discriminator (TMVA)

o0 Feeddown correction
o Efficiency and acceptance corrections
0 Cross section estimate
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Charmed - hadron reconstruction
Semileptonic decays
: : . : + B y
o WrongSign(WS)e1 (eR) pairssubractedfrom RightSign(RS) ,\BﬂaiygggZMewCz Ma£3/204n;{MewCz

e*[ (e'R) spectra to estimate thecombinatorialbackground.  Quark:udc Quark:usc

O = 60>m O =34>m
0 PID for electrons using TOF and TPC. Decay | Branching
fraction (%)

At — etAve 3.6

o Subtractedcontributionsfrom: =0T er=ve | Unknown

0 [2(R,Y) In WSspectra
0 R/, In RSpectra for ;fanalysis

Phys Lett. B781(2018 8-19

[2] L
o Unfoldingtechniqueusedto convertthe e'r (e'R)5 [ 0 —+ ALICE
spectrumin ;* (R O pp, \s =7 TeV
Pr SP (c ( c) 400 _+_+_+_ > e'EV, 4
—— and charge conjugates
0 Subtractionof contributionfrom beautyhadrons —— ® Rightsion
(Only for [ C+) 200 . B Wrong sign
_ == i
0 Correctiondor acceptanceand efficiency —e— \L =y
ol— Ly v o by oy N PR R R
1.5 2 2.5 3

M(eZ) (GeV/c?)
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https://www.sciencedirect.com/science/article/pii/S0370269318302570?via%3Dihub

n .* cross section in  pp collisions

ALICE

JHEP 04 (2018) 108 pp@7 TeV pr@5a2Tev (Fun2) IEEEET
g } pp \s=7 TeV | ] > - .
o 102E ﬂ AL - 8 i ALICE Preliminary i
g = - cor_nr:lnatlmon of . & =~ » op, Vs =5.02 TeV
:é; - = plyl"(it é_ng and e'v A analyses: 2 10 E_ . AL Iy <05 _§
— 10 L —e— ALICE = = N - average of ]
g | ) awvrns S
- —— POWHEG
% S L pyTHIAG . 2 10 3 - E
%S - 3 O n :
B 7 o) i -5 i
i ] o
e i i
107 'L = 3.5% lumi. uncertainty not shown =
- S | ] 1= # E
gloe " Ty E - 1
X i ] :
8 1 IE_ ........... o T ._EI - m -
- w i 1 0_1 = +2.1% lumi. uncertainty not shown =
0‘31 0 — - 1 I I ] | 1 1 1 | | 1 a
pa :
3e . 5 0 5 10
8 1 P Py (GeVic)
0 > 12 (GeV/c) Newmeasurementin pp@5TeV inwider p;range
GMVENS POWHEG Important referencefor Pb-Pb andp-Pb
Eur Phys. J.41,199(2005  JHEB709 126(2007) CO”iSiOﬂS
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https://link.springer.com/article/10.1007/JHEP04(2018)108

Results from Run |

[ .- production in ppcollisionsat i/ ¥=7 TeVand in pPbcollisions at,/ % 1=5.02TeV

OnarXivsince29/12/2017 https://arxiv.org/abs/1712.09581
JHEP very positively replied last week with very few comments

o [ ./ DOratio higherthan previous
measurementsn e*e-andep, andat
lower centre-of-massenergies

o Predictions from event generators
PYTHIADIPS'andHERWIG
underpredictthe pp measurements

o OnlyPYTHIA8vith enhanced colour
reconnection mechanisms increases the
ratio at about 0.3 and predicts a slightly
decreasing trend versys: .

0 p-Pbmeasurements compared withansberg

PYTHIA8 (MonasEur. Phys. J. C74, no. 8, 3024
PYTHIA8 (CR Modé@HEP 1508 (2015) 003 and shaanodel (tuned OrLHCtpp data)
DIPSPhys. Rev. @2 no.9. 094010(201 Lansbergand ShadcEur Phys. J.77, no.1, 1 (2017
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