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Summary

In this work, m*—d correlation functions measured in pp collisions at
Vs =13 TeVbythe ALICE Collaborationat the LHC areused to study the
(anti)deuteron production mechanism.It is demonstrated that (anti)
deuteron formation by nucleonic fusion follows the strong decay of
short-lived resonances. Model-independent evidence is provided by
observing the residual correlation of pion-nucleon pairs stemming
fromthesame A decayin the pion-deuteron correlation function. This
effect can be explained only assuming that (anti)deuteron formation
occursafter the A decay and the measured correlationisinterpreted by
adata-driven method based on the independent measurement ofthe A
in the m*—p final state. The residual signal in the *-d correlations can
beused to evaluate the fraction of (anti)deuterons produced following
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Model & Setup

We use the ThermalBlastMC model [10.5281/zenodo.18238384; PRC 113, 044902 (2026)], in which
hadronization happens on the cylindrical boost-invariant hypersurface at constant proper time

1 t+z

Y#* = (tcoshn,rcos @,rsing,tsinhn), wheret =+/t? — z? = const. andn = Elnt—z

with the following velocity profile

u* = (cosh p coshn, sinh p cos ¢, sinh p sin ¢, cosh p sinh n), where p = atanh[Ss(r/R)"]
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The mass distribution of resonances is modelled with the Sill distribution [Eur. Phys. J. A (2021) 57:336]:

deN; deN; 2M \/ M? — Mg T
H
dprdydydrdnde — dprdydpdrdnde m (M2 — M2)2 + (M2 — M2 )T2
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Model & Setup

ThermalBlastMC event loop:

1. Set model parameters, evaluate < N; >

2. For every event generate yield of particles of it" type N; from Poisson distribution
3. Generate N; particles of it" type from f
4

Feed all generated particles into SMASH as an afterburner, which performs decays and FSI
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The m — d correlation function is calculated using the event mixing technique:

C(k*) _ Nsame
Nmixed I

The same pr and pseudorapidity cuts as in the experimental paper are applied.
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1. Set model parameters, evaluate < N; >

2. For every event generate yield of particles of it" type N; from Poisson distribution
3. Generate N; particles of it" type from f
4

Feed all generated particles into SMASH as an afterburner, which performs decays and FSI

The m — d correlation function is calculated using the event mixing technique:

C(k*) _ Nsame
Nmixed I

The same pr and pseudorapidity cuts as in the experimental paper are applied.
Entries in the same event distribution are weighted with the Coulomb wave function norm [ (1%, k*)|?:
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* In 1964 Dyson and Xuong predicted 6 non-strange dibaryon states
Dy;: Do1,D1g, D12, D31, Dy3, D30 [PRL 13, 815 (1964)]
* In the ALICE paper, it is discussed that Dy5 (d*(2380))
inclusion does not affect the correlation function
* The real resonance of interest is Dq5:
o N — A resonance close to the threshold
o M =~ 2150 MeV,T = 120 MeV, I(J?) = 1(21)
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* In 1964 Dyson and Xuong predicted 6 non-strange dibaryon states

* In the ALICE paper, it is discussed that Dy5 (d*(2380)) 0
inclusion does not affect the correlation function 200 L

* The real resonance of interest is Dq5:

o N — A resonance close to the threshold 100l

o M = 2150 MeV, T = 120 MeV, I(J*) = 1(2*) ¢

o DecaysintoN + Aandm +d 0

o Supported by modern theoretical calculations

o Seen in partial wave analysis as a pronounced ~100.

looping in the Argand plot | Avennd plot 2
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* The real resonance of interest is Dq5:
o N — A resonance close to the threshold 100l
o M = 2150 MeV, T = 120 MeV, I(J*) = 1(2*) ¢
o DecaysintoN + Aandm +d 0
o Supported by modern theoretical calculations
o Seen in partial wave analysis as a pronounced ~100.
looping in the A.rg.and plot | . Avemnd plot 2
o Deuteron yield is in good agreement with 56 g w0 o
experimental data when both D, and continuum -300 -200 -100 0 100 200
are included [PRC 106, 044908 (2022)] ReA

See H. Clement, Progress in Particle and Nuclear Physics 93 (2017) 195-242 and references therein.
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* The m — d femtoscopic correlation function evaluated using the ThermalBlastMC
model, assuming statistical hadronization on the boost-invariant hypersurface
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Inclusion of the Dy, resonance into the particle table results in the qualitative and
guantitative reproduction of the peak structure visible in the ALICE data
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The m — d femtoscopic correlation function evaluated using the ThermalBlastMC
model, assuming statistical hadronization on the boost-invariant hypersurface

Inclusion of the Dy, resonance into the particle table results in the qualitative and
guantitative reproduction of the peak structure visible in the ALICE data

Therefore, we conclude that the aforementioned peak does not prove the
correctness of the coalescence mechanism
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® Inclusion of the D, resonance into the particle table results in the qualitative and
guantitative reproduction of the peak structure visible in the ALICE data

®* Therefore, we conclude that the aforementioned peak does not prove the
correctness of the coalescence mechanism

®* Contrary, we claim that the observed correlation function can be naturally
explained within the statistical hadronization framework
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guantitative reproduction of the peak structure visible in the ALICE data

®* Therefore, we conclude that the aforementioned peak does not prove the
correctness of the coalescence mechanism

®* Contrary, we claim that the observed correlation function can be naturally
explained within the statistical hadronization framework

®* We suggest that the D, resonance should be searched in a separate analysis
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* The m — d femtoscopic correlation function evaluated using the ThermalBlastMC
model, assuming statistical hadronization on the boost-invariant hypersurface

® Inclusion of the D, resonance into the particle table results in the qualitative and
guantitative reproduction of the peak structure visible in the ALICE data

®* Therefore, we conclude that the aforementioned peak does not prove the
correctness of the coalescence mechanism

®* Contrary, we claim that the observed correlation function can be naturally
explained within the statistical hadronization framework

®* We suggest that the D, resonance should be searched in a separate analysis

Let the dibaryon search begin!
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