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Nuclear matter production

time
7T, K, p, ... A T K
_ight (anti)(nyper)nuclel are abundantly produced at the A i > 4 f Z/Tfo r
_HC in pp, p-Pb and Pb-Pb collisions A :§ %
.‘é)

The production mechanisms of light (anti)nuclei in
high-energy physics are still not completely understood

Hadron

ow binding energy (Es ~ 1 MeV) with respect to the
Kinetic freeze-out temperature (Tro ~ 100 MeV)

Two classes of models are available:

the statistical hadronisation model

a) without QGP b) with QGP

the coalescence model

beam beam
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The Statistical Hadronisation Model (SHM)

It assumes hadron abundances from
statistical equilibrium at the chemical
freeze-out

The chemical freeze-out temperature (Ten) is a
key parameter:

m
dN/dy x exp(——)

Tch

Large reaction volume (V73 >1) in Pb-Pb
collisions

grand canonical ensemble

Production vyields dN/dy in central Pb-Pb
collisions described over a wide range of d/N/dy
(7 orders of magnitude), including nuclei

In small systems (/73 < 1) a local conservation
of quantum numbers (S, Q and B) is necessary

canonical ensemble (CSM)
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The coalescence model

Nucleons that are close in phase space at the freeze-out
can form a nucleus via coalescence

The key concept is the overlap between the nuclear wave-
function and the phase space of the nucleons

The main parameter of the model Is:
d°N,

d3p,

A
d3N,
E
p d3p,
where:

A 1S the mass number of the nucleus
Po=pA/ A J. I. Kapusta, Phys. Rev. C21, 1301 (1980)

Ly

BA=

Ba is related to the probability to form a nucleus via coalescence
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The coalescence parameter Ba
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The coalescence parameter Ba

Measuring Ba as a function of dNcn/dn at fixed
prit is possible to study the dependence on the
system volume.

Ba evolves smoothly with multiplicity

production mechanism depends only on
the system size

2(A-1)

By = A-1 2
2A\JA ™M R2(my) + (ry/2)
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The coalescence parameter Ba
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The coalescence parameter Ba
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Yield ratios

d/p ratio evolves smoothly with multiplicity,
regardless of the collision system:

production mechanism depends only onthe Ia - Thermal-FIST GSM (PLB 785 (2018) 171-174), T =155 MeV -
system size + 0.005 "y “5aviey  —V.-dvidy ~
, , \C_); — —Coalescence (PLB 792 (2019) 132-137) 7
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Increasing. A _ VOA (Pb-side) for p-Pb AR NP =
- Thermal model: canonical suppression 0,003 VOMtorppand Po-Po. -7l 1l| g 1M -
- Coalescence: interplay between system and - -
nucleus size B -
0.002— —
flat: at high multiplicity there is no dependence of - o = Pb’-Pb 5 76 TeV :
the ratio on the multiplicity, in agreement with the e  PbPb £ 05 Tov (Prel.) -
predictions of the thermal model and 0.00 - g v] p-Pb, 5.02 TeV -
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d/p ratio evolves smoothly with multiplicity,
regardless of the collision system:

production mechanism depends only on the —
system size f
Two different regimes: i\'?
increasing: '?

- Thermal model: canonical suppression &

- Coalescence: interplay between system and
nucleus size

flat: at high multiplicity there is no dependence of
the ratio on the multiplicity, in agreement with the
predictions of the thermal model and
coalescence

CSM cannot describe p/xt with the same correlation
volume used for d/p
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d/p ratio evolves smoothly with multiplicity,
regardless of the collision system:

production mechanism depends only on the
system size

Two different regimes:
Increasing:
- Thermal model: canonical suppression

- Coalescence: interplay between system and
nucleus size

flat: at high multiplicity there is no dependence of
the ratio on the multiplicity, in agreement with the
predictions of the thermal model and
coalescence

CSM cannot describe p/xt with the same correlation
volume used for d/p

Larger tensions with models for 3He/p

new SHM predictions soon available

107°

2 °He / (p + P)

10°°

107/
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Yield ratios
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Hypertriton production in small systems
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Hypertriton production in small systems

?\H/ /\ is compared with the prediction of CSM and

coalescence model

Two-body coalescence model provides the =

best description of data

luca.barioglio@cern.ch
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Hypertriton production in small systems

?\H/ /\ is compared with the prediction of CSM and
coalescence model

Two-body coalescence model provides the
best description of data

“H/°He
Also 85 = A s a valuable observable to
P

discriminate between production mechanisms

AlSO In this case coalescence IS favoured, even
though with less sensitivity
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N\ separation energy

Ba has been measured with a high precision

B is compatible with zero and with yEFT
and Dalitz’s predictions

Hypertriton is a loosely bound object
1.9 o difference w.r.t. last STAR results

Lifetime compatible with that of the free A

luca.barioglio@cern.ch LHCP 2021
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Summary

ALICE has measured the production of light (anti)(hyper)nuclei in different collision systems and
at different energies.

The coalescence model provides a good description of Ba, d/p and 3He/p as a function of
multiplicity

CSM can describe the evolution of d/p and 3He/p with multiplicity, but fails in describing p/=
with the same correlation volume.

The measurements of ?\H/ /A and Sz in pp and p-Pb collisions favour two-body
coalescence w.r.t. CSM

The precise measurement of Ba confirms that hypertriton is a loosely bound state

With Run 3 will be extremely important to address the problem of (hyper)nuclel production, due
to the increased luminosity and the improved tracking precision
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Summary

ALICE has measured the production of light (anti)(hyper)nuclei in different collision systems and
at different energies.

The coalescence model provides a good description of Ba, d/p and 3He/p as a function of
multiplicity

CSM can describe the evolution of d/p and 3He/p with multiplicity, but fails in describing p/=
with the same correlation volume.

The measurements of ?\H/ /A and Sz in pp and p-Pb collisions favour two-body
coalescence w.r.t. CSM

The precise measurement of Ba confirms that hypertriton is a loosely bound state

With Run 3 will be extremely important to address the problem of (hyper)nuclel production, due
to the increased luminosity and the improved tracking precision

Thank you for your attention!
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The ALICE experiment

General purpose heavy-ion experiment
19 different sub-systems

Excellent particle identification (PID)

Most suited LHC experiment for studying the
production of nuclei R e -

Inner Tracking System

Tracking and Vertex reconstruction
ODCAxy < 100 pm for pt > 0.5 GeV/c in Pb-Pb

Separation of primary and secondary nuclei
(coming from material knock-out)

Separation of primary and secondary vertices

VO
Multiplicity/centrality determination

luca.barioglio@cern.ch LHCP 2021 20
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PID with the Time Projection Chamber

Tracking

PID via dE/dx measurement

Ode/dx ~ 9.5% (in pp collisions)

Ode/dx ~ 7% (N

Db_

Ph collisions)

SHe and “He well separated

luca.barioglio@cern.ch
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PID with the Time Of Flight
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Yield ratios

An Increasing B’2> can be obtained
from a flat B2 in each multiplicity
class:

S — B2 Sz
Si= D (NIN)Sg;= By ), (N/N)S),
2
S,=BS2=By [ Y WN/N)S,,
>.(N/N)S;,

T NS,

Consequence of the hardening of the
proton spectra with increasing multiplicity
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An Increasing B’2> can be obtained
from a flat B2 in each multiplicity
class:

_ 2
Sd,i — B2 Sp,i

Sy= Y (N/N)S,;=B, ¥ (N/N)S2,

2
S,=B,S2 =B, ( D (N/N) Sp,i)

Y. (NJ/N)S,,
Bé — B2 l P>

3 0w,

Consequence of the hardening of the
proton spectra with increasing multip
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Yield ratios

c*’g R e
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£ IR Fit to ALICE HBT i
. ~ - —— Sun, Ko, Doenigus, 1812.05175 P
miﬁi&fiﬁ?ems arecamed outvs @ 10~ _ gongtrained to ALICE Pb-Pb 0-10% B, i
PICILY E ALICE HBT, k; = 0.887 GeV/c /// 1
: 8 |- A pp, Vs=7 TeV (INEL>0) e
(AN, /dn) < system size - m p-Pb, (5. =5.02TeV - |
- ® Pb-Pb,|s5,=276Tev  _~
System size: HBT radius R 6 i
R vs multiplicity: i :
41— |
R = a (dN/dn)'> + b i 1
2 -

i

0 2 4 6 8 10 12
1/3
Phys.Rev.C 99 (2019) 5, 054905
VS 2019 (dN_ /dn)

luca.barioglio@cern.ch LHCP 2021 25



mailto:luca.barioglio@cern.ch
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.054905

Adding more points to the R vs

(AN, /dn), it is visible that the
evolution is not smooth from pp

to p-Pb

This discontinuity could be the reason
why models do not reproduce data
along the whole multiplicity range
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Possible solution:
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Hypertriton reconstruction

Hypertriton is reconstructed through its two-body
mesonic decay (B.R. 25%):

?\H — He + 7~

+ C.C.

Candidates are selected with:

Standard selections on single-track and
topological variables

Boosted Decisions Trees (BDT) models, trained
on dedicated MC samples used to discriminate
signal and background

SBDT selections are optimised to improve the
significance of the signal

Q o
040

Use of the package hiped ML \ sz%
hlpeir/

LHCP 2021
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Seven cylindrical layers of silicon

pixel sensors

Inner barrel: 3 layers with turbo

geometry

Upgrade of the ITS

Quter barrel: 4 layers with
overlapping edges

Low material budget:

0.3% XO for the I.

1% XO for the O.

3.

3.

Improved tracking precision
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Leading

¢ Dependence of nuclear production on the multiplicity of the din
_ particle

underlying event (UE)"?

Towards
.. region

@ We define Rt as:

N Transverse
Y )
fransverse
Away
region
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Nuclear production vs Rr

Dependence of nuclear production on the multiplicity of the
underlying event (UE)”

Leading
particle

Towards
region

We define Rt as:

N Transverse
R . transverse region
AN )
transverse
A
d/p does not strongly depend on the UE region
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Nuclear production vs Rr

Dependence of nuclear production on the multiplicity of the
underlying event (UE)”

We define Rt as:
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d/p does not strongly depend on the UE
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B2 shows a very mild dependence on Rt
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