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Charmonium production in

p-Pb collisions with ALICE at LHC
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Our curiosity drives us to the extremes
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large surface/volume observatories

observable visible with

universe our own eyes
8.8 10°°m

powerful accelerators

quarks
<10%m

~1°000°000 000 000 000 000 000 000 000 meter
~ 0.000 000 000 000 000 000 01 meter

distance to _
galactic center distance
Earth-sun
dlsta_nce light biological cell proton
travels in one year neutron
farthest human object
from Earth (Voyager 1) atoms
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The proton

A hadron made up of three valence quarks uud.
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The proton

A hadron made up of three valence quarks uud.

but it is not this simple

Flavor | Mass(GeV/c?)

How to describe this ?
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Parton distribution functions (PDFs)

Q2=10 Gev2_3

¢ O
©

PDFs: probability to find a parton with a given
momentum X.
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Charmonia
The charm of linking perturbative and non-perturbative QCD

* c-quarks are created during the hard QCD process.
Due to their heavy mass ~ 1.5 GeV.

* The bound state is formed during soft QCD process.
Binding energy is few MeV.
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V

Provide an excellent tool to test perturbative and non
perturbative QCD processes.
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Factorization theorem

Confinement Freedom

Non perturbative QCD = perturbative QCD

Parton distribution Calculable via pQCD

functions S
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Hadrons at high energy

PDFs and saturation concept
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Only valence quarks New partons are emitted
Partons overlap
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What will happen when collide them?

Single parfon inferactions

LD g
5

Y

Single parton-parlon interaction.

A naive piclure of hadron-hadron collision.
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What will happen when collide them?

Mulliparfon inferactions
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When there is a large density of partons.

Several parfon-parfon interaclions in a single hadron-hadron collision.
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Where to look for MPIs ?

* Double Chrmonia production:
- Direct probe to MPIs.
- Provide information about the single Charmonia production.
Needs large statistics to measure differential cross sections.
* Charmonia production vs charged-particle multiplicity:
- Indirect probe to MPIs.

- Information about the correlation between soft and hard QCD process.

In this presentation we are going to discuss the charmonium production as a
function of multiplicity exploiting ALICE run 2 data for p-Pb collisions.
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ALICE detector

LHC heavy-ion dedicated experiment

e —

¢ N —

Wi
L1/
Y .,

Theraa TORK 12722



ALICE detector

JIg, p25) = p-p+
2.5 < ylab< 4.0

[. Front absorber.
[I. Muon tracking chambers.
[lIl. Dipole magnet 3T.m.

[V. Muon trigger chambers.
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ALICE detector

Central barrel

Measure the charged-particle multiplicity

| VO detectors
- Silicon pixel detector (SPD)

2.0<n<5.1 -3.7<n<-1.7

SPD
In|<1.4
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Particle production vs multiplicity

yields of charmonia normalised
to the their average yields

dN,, /dn

C

>\ <dN_, /dn >
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Multiplicity dependence of J/y

pp collisions

PLB 810 (2020) 135758

zzo_lII!|IIII|I|I||III||III| WAl III’:,':,'III)
o I ALICEpp Vs=13TeV
e 18_ /
% % L Inclusive J/vy, |y| < 0.9, P, mtegrated
=|™» 16 SPD event selection / / . Self lized ield ltiplici
%ﬂ %ﬂ i P /- elf normalize J/@ vyields vs multiplicity at
~ T —PpYTHIA82 / 4 midrapidity.
12F Prompt Jiy / —: _ . _
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- illi Percolation .
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https://www.sciencedirect.com/science/article/pii/S037026932030561X?via%3Dihub

How dces the nuclear environment affect charmonium
production ?
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Nuclear parton distribution functions

What is the effect of nuclear environment on the particle production

1.3
1.2 Anti-shadowing
= 1.1
©
. 1.0 e ) e == e = == = =
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Shadowing
0.8
0.7
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10°* 1077 10+ 16+ 10"
X
Suppression Enhancement
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|NSD

dN / dy
(dN / dy)
oo

(o))

JHEP 2009 (2020) 162
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Multiplicity dependence of J/@ in p-Pb

T T T I T T T }

ALICE, p-Pb, \'s,,, = 8.16 TeV

Jy = pt
® 203<y, <353 (p-going)
B 446< Wisis & —2.96 (Pb-going)

" O

+ 1% corr. unc. not shown

Ll
I
[ | ] - [ I ‘ Lo { 1

4

6
dN,, /dn NP

AN_Tdn |y

« ]/ yields increase with dN_ / dnin
* Forward rapidity: ** € @&
p-going |

* Backward rapidity: @ p ¢
Pb-going |
* Faster (slower) than linear increase
observed at backward (forward) rapidity.

* The different behavior likely due to
different Bjorken-x regions probed.

Shadowing
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https://link.springer.com/article/10.1007/JHEP09(2020)162

Final state effects

Comovers model

Do we expect different effects for different particles?

® ©
2 )y
®

“ge

The effect of the interaction of the final state particles with the
comoving-particles
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arXiv:2204.10253

P(2S) production vs multiplicity

[a) T T T T T T T I T T T T 8 i T T T T T T T T T T T T 1
- g ALICE,p-Pb |5, =8.16 TeV 5 = g ALICE,p-Pb {s5,,=8.16TeV 5
= L y(@S) > p'p,-446<y  <-2.96 i NN L y(@S)>pu'p,208<y, <353 i
E E - B Data = E 3 r ® Data 1
S o — B P | t -
% % 6L o i’eErgoslgtS;on + comover 7 % 5 6L ) +eg<|;ogg£;on + comover i
L L i : :
4l al 4l i
2 _ o DL i
B + 1% norm. unc. not shown b i z + 1% norm. unc. not shown "
—’ s ] _‘" i 1 1 I | 1 i

0 - o 1 1 1 | 1 1 1 | 1 1 1 | 1 O |
0 2 4 6 0 4 6 <o

dN,, /dn NP dN_, / dn

<chh/dn> [771<1 <dNCh/d77> [nl<1

« The g(29S) yield increases with increasing dN, /dn in p-Pb collisions.

* The model includes nPDFs and the final state effect in its calculation. 1920
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https://arxiv.org/abs/2204.10253

arXiv:2204.10253

Multiplicity dependence of y(2S)-over-J/y
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<chh / d7]> Inl<1

 Similar behavior of J/@ and @(2S) vs multiplicity in p-Pb.
» Similar trend of the W(2S)-to-J/Y ratio vs multiplicity in both rapidity regions.

* The comovers calculation describes the data within statistical and systematic uncertainties.
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https://arxiv.org/abs/2204.10253

Conclusion

* ALICE measured the J/@ and @(2S) production vs multiplicity
— OnarXiv:  aXiv:2204.10253
*  Y(2S) vs charged-particle multiplicity:
- Models with intial state effects and MPIs reproduce the trend of the data.

- Similar behavior of J/y and @(2S) as a function of multiplicity.

* Qutlook

- LHC run 3 with high statistics will allow to

* Much more precise measurements.
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https://arxiv.org/abs/2204.10253

Thank you
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