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Why coalescence of light (anti)nuclei?

1. Composite structure
2. Small binding energy
= Sensitive probe for the QCD phase diagram
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Motivation: Cosmic ray antinuclei
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The coalescence model
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» Nucleon capture process p +n — d*
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» Small interacting systems: Bj pg(A_l)

Ppy=Pp=P,/A

> Large interacting systems: By oc VA1

Both momentum correlations and the emission volume should
be taken into account



The coalescence model in momentum space
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The quantum mechanics of coalescence
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= tr pdPnucl (Scheibl and Heinz [nucl-th/9809092])

» Internal deuteron Wigner function

» Two-nucleon Wigner function



The two-nucleon Wigner function

» Example: thermal nucleons (Sun et al. [1812.05175])
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» The WiFunC model (Kachelriess et al. [1905.01192])
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The WiFunC model for (anti)deuteron

Coalescence probability

2P
w = 3Ce 49
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Can be added to nearly any event generator to describe the
production of light (anti)nuclei in small interacting systems



Coalescence factor, B(pr)
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Experimental data: baryon emission source

L4F _ —— 6=(0.95+0.10) fm
. ¥
1.3 * 7,
S
12 ;

1.1r

1.0

Teore [fm]

0.9

08F
Data points adapted from
0.7 | arXiv:2004.08018

1 1
1.00 125 150 1.75 200 225 250
mr [GeV]




Experimental data: the coalescence parameter
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(Tjemsland [2012.12252])
The success of femtoscopy studies indicates coalescence being a
major production mechanism of (anti)nuclei (Bellini et al. [2007.01750])
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Larger interacting systems
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Larger interacting systems
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Alternative descriptions of the emission
volumes

Some event generators have implemented a description of the
space-time structure:

» Pythia 8 (Ferreres-Solé and Sjsstrand [1808.04619])
» UrQMD (Bleicher [hep-ph/9909407])

Simple coalescence model (UrQMD):
Ap < pp and Ar < rg (Sombun et al. 2019)

Can instead use:

r’ 2 2
w = 3exp —ﬁ—qd
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Summary

» The production of (anti)nuclei in small interacting systems
(e.g. ete™, pp, pN and peripheral NN) collisions should be
considered on an event-by-event basis taking into account
both momentum correlations and the nucleon emission volume

» Recent hadron correlation experiments are consistent with
QCD inspired event generator and coalescence without any
need for invoking collective flow

» An improved coalescence model for light (anti)nuclei
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BACKUP SLIDES



Timescales

Point-like process
1. Hard process: tann ~ 1/v/s
2. Perturbative cascade:
Nacp < g% < s
3. Hadronisation:
Lyaa ~vLo, Lo ~ R, ~ 1 fm

= O(point-like) ™ fm
Geometrical contribution
» Multiple parton-parton

Interactions
¥

= O(geom) ™~ Ry ~ fm

rd ~2fm ~ Ly => The size of the formation region and

rms
momentum correlations must be taken into account! 15



Femtoscopy experiments

» Measurable quantity:
e@ = [ Ersoal

» A Gaussian source if often S(#) V(7 q)

assumed in experiments
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» The nucleon Wigner functions predict the baryon source
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Improving the deuteron wave function

The ground state of the deuteron is well described by the Hulthen
wave function,

_ jaBla+pB) e — e Br
#a(r) = 27(a — B)? r ’

with @ = 0.23fm™! and 8 = 1.61fm ™ (Zhaba 2017).

Two-Gaussian wave function:
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The new coalescence model for (anti)deuteron

Coalescence probability
w = 3A(e M

+3(1— A)Ge %7
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52 = 0?/(cos® 0 + v*sin? )
A = 0.581, d; = 3.979 fm,

d> = 0.890 fm

Can be added to nearly any event generator to describe the
production of light (anti)nuclei in small interacting systems
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Experimental data: antideuteron spectrum
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Coalescence of helium-3 and tritium

Helium-3 and tritium formation model
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