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Outline of the presentation

@ Theoretical approaches for nuclear many-body problem
@ Ab-initio vs phenomenological models based on energy density functionals (EDF)
o Effective interaction and nuclear matter (NM) Equation of State (EOS)

@ Extended EDF-based models: recent developments and results

® Unified description of many-body correlations and clustering phenomena
@ Phenomenological models with clusters as explicit degrees of freedom (DOF)
o Dynamics of dilute nuclear matter with light-clusters and in-medium effects

& Bridging phenomenological models with ab-initio approches
o Effective field theory (EFT)-inspired EDFs for nuclear matter and nuclei
o Bayesian inference of neutron stars within ab-initio-benchmarked meta-model

© Further developments and outlooks
o Consistent description of fragmentation mechanisms in heavy-ion collisions (HICs)
o Joint Bayesian analyses combining nuclear structure and HIC studies

© Summary
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Theoretical approaches for many-body problem
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@ Ab-initio approaches based on many-body expansion @A ><H
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o Realistic or effective field theory (EFT) interactions XHH
= Diagrammatic hierarchy (power counting) i l
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Theoretical approaches for many-body problem
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@ Ab-initio approaches based on many-body expansion (@/A ><H
NLO

o Realistic or effective field theory (EFT) interactions XHI]
= Diagrammatic hierarchy (power counting) l

Mean-field

approximation @ Phenomenological models with effective interaction

I:D A o Self-consistent mean-field (MF) approximation
) - — o Fit of parameters to reproduce various data

Self-consistent
mean-field

@ Energy Density Functional (EDF)

E = (¥ Aui() V) = [ £)dr > EOS

|W) = independent many-particle state

Refining EDFs for nuclear reactions & neutron stars



Theoretical approaches for many-body problem

@ Ab-initio approaches based on many-body expansion (QI/‘X)X)(, ><H
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Theoretical approaches for many-body problem

@ Ab-initio approaches based on many-body expansion (QI/‘X)X)(, ><H
o Realistic or effective field theory (EFT) interactions
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Carte des nucléides

@ Energy Density Functional (EDF) (ou diagramme de Segrd)

E = (¥ Aui() V) = [ £)dr > EOS

|W) = independent many-particle state

@ Bridging EDFs & ab-initio

€3 No clusters at low-density
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Unified description of clustering and correlations

Outline of the presentation

© Extended EDF-based models: recent developments and results

® Unified description of many-body correlations and clustering phenomena
@ Phenomenological models with clusters as explicit degrees of freedom (DOF)
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Unified description of clustering and correlations

Clustering phenomena & in-medium (Mott) effect
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Unified description of clustering and correlations

Clustering phenomena & in-medium (Mott) effect
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Unified description of clustering and correlations

Clustering phenomena & in-medium (Mott) effect
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Unified description of clustering and correlations

Clustering phenomena & in-medium (Mott) effect

@ Phenomenological EDF with clusters DOF 10”
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@ Parameterization Am(p, 8, T,Pc.m.) = heuristic Am®&") beyond Mott density
e Bound clusters survive only if |Pcm.| > Pumott (Mott momentum)
o Few-body short-range correlations (SRCs) [s. Burrello, S. Typel, EPJA 58, 120 (2022)]
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Unified description of clustering and correlations

Clusters as surrogate for SRCs in extended EDFs

@ Unified mass-shift parameterization for bound d / np SRCs (ps < pmott)
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Dynamics of dilute nuclear matter with light clusters

Outline of the presentation

© Extended EDF-based models: recent developments and results

® Unified description of many-body correlations and clustering phenomena
@ Phenomenological models with clusters as explicit degrees of freedom (DOF)
o Dynamics of dilute nuclear matter with light-clusters and in-medium effects

© Further developments and outlooks
o Consistent description of fragmentation mechanisms in heavy-ion collisions (HICs)
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Dynamics of dilute nuclear matter with light clusters

Modeling HICs with EDF-based transport models

@ Modeling dynamics of HIC at Epcam = (30 — 300) AMeV = EOS
e Boltzmann—Uehling-Uhlenbeck (BUU) equation for the distribution function f;

(Bt + Vper - Ve — Vier - Vp) fr = 1SN, 5, .. ], T=n,p,d tha
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Dynamics of dilute nuclear matter with light clusters

Modeling HICs with EDF-based transport models

@ Modeling dynamics of HIC at Epcam = (30 — 300) AMeV = EOS
e Boltzmann—Uehling-Uhlenbeck (BUU) equation for the distribution function f;
(Bt + Vper - Ve — Vier - Vp) fr = 1SN, 5, .. ], T=n,p,d,t, ha
@ Extended kinetic (transport) approaches = Light clusters & in-medium effects
e Solving in-medium SE V (r, t) point (computationally very demanding)
e Phase-space excluded-volume approach

Phase-space excluded-volume approach for light clusters in nuclear medium
Rui Wang, Zhen Znang, Stefano Burrello, Maria Golonna, Edoardo G. Lanza

_ 2 cut Isubmtedon 19.un 2025]
) (P) = /(2 e °'(p)|du,p(P)I® < F5

#,p = free-space 1-body probability (Gaussian) distribution
ftot = total phase-space occupation of the medium
(including contributions from light clusters)
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Dynamics of dilute nuclear matter with light clusters

Modeling HICs with EDF-based transport models

@ Modeling dynamics of HIC at Epcam = (30 — 300) AMeV = EOS
e Boltzmann—Uehling-Uhlenbeck (BUU) equation for the distribution function f;
(Bt + Vper - Ve — Vier - Vp) fr = 1SN, 5, .. ], T=n,p,d,t, ha
@ Extended kinetic (transport) approaches = Light clusters & in-medium effects
e Solving in-medium SE V (r, t) point (computationally very demanding)
e Phase-space excluded-volume approach

EI‘\lV nuclth > arXiv:2506.16437

Nuclear Theory
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) (P) = /(2 e °'(p)|du,p(P)I® < F5

Phase-space excluded-volume approach for light clusters in nuclear medium

#,p = free-space 1-body probability (Gaussian) distribution
ftot = total phase-space occupation of the medium
(including contributions from light clusters)
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Dynamics of dilute nuclear matter with light clusters

Fragment formation mechanisms in HICs

@ Kinetic approaches for HIC at intermediate energies
o No consistent light & heavier fragments production

Final-state
Large-scale

Reaction time
fragments, -
Few-body correlations correlations

p d t °H SHe .|
3He *He 514
*Li

Spectator matter

N itral collisions Mass
P number
_——

(by spinodal mechanism
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Dynamics of dilute nuclear matter with light clusters

Fragment formation mechanisms in HICs

@ Kinetic approaches for HIC at intermediate energies

o No consistent light & heavier fragments production
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20 @ Spinodal instability = Mean-field (Vlasov) dynamics
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Dynamics of dilute nuclear matter with light clusters

Fragment formation mechanisms in HICs

@ Kinetic approaches for HIC at intermediate energies

o No consistent light & heavier fragments production

Reaction time Final-state — —

fragments, Large-scale
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affect the spinodal instability
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Dynamics of dilute nuclear matter with light clusters

Linearized Vlasov equations for NM+-deuterons

@ Linear response to collision-less Boltzmann = linearized Vlasov equations for NMd

o; (515-)+Vr(56)-Vpsijpf}-Vr(Jsj) =0 = op =X (R +F) o0 — a3, 0L0p

@ Single-particle energy ¢; = (from EDF € =K 4+ U)

5f( )
p? i 8/\

Y 2 d d

€j 2j+Uj\:j (8 ox &F ~ )

@ Momentum-independent Skyrme-like interaction (= for bound and free nucleons)

Ak B g CAs D
2p0  a+2pstt 2 po 2

D
U= (Vrpo)? = 2 (Vrps)?

@ Density-dependent (Mott) momentum cut-off = extra-terms in both dp; and ¢;

dp i dp
pi = g-/ ———f j=npd — 6pj(rt)= g-/ —0jq o'sp,
! ’ [p|>A; (2mh)3 ! ’ [p|>A; (2“5)3 ' /HZ/;d :
@ ¢ -£ 0 = adding in-medium effects for cluster appearance/dissolution in dynamics
aus ., o0& ) ‘ :
@ Landau procedure ( F ~ =L F' ~ —J) forsf ~ S sfkeilkr—wt)
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Dynamics of dilute nuclear matter with light clusters

Spinodal with light-clusters & Mott effect

@ Solving linearized Vlasov equations for symmetric NM (SNM) = w = w(k)

6pj = —Xj 2 (Fé’ + ’:_i/) 3p1 — 8ja 32 S0y
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Dynamics of dilute nuclear matter with light clusters

Spinodal with light-clusters & Mott effect

@ Solving linearized Vlasov equations for symmetric NM (SNM) = w = w(k)
opj = —xj 22 (Fé’ + ’:_i/) p1 — 0ja 32, P op)

@ w = Im(w) < unstable mode (spinodal region)

[R. Wang, S. Burrello, M. Colonna, F. Matera, PRC 110, L031601 (2024)]
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Dynamics of dilute nuclear matter with light clusters

Spinodal with light-clusters & Mott effect

@ Solving linearized Vlasov equations for symmetric NM (SNM) = w = w(k)

8pj ==X 2 (Fé' + F‘i’) Sp1 — 0ja 3o, Yo

@ w = Im(w) & unstable mode (spinodal region)
T ‘@, 3
[R. Wang, S. Burrello, M. Colonna, F. Matera, PRC 110, L031601 (2024)] =20k — '09
@ w=0 (xj =1) = border
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Dynamics of dilute nuclear matter with light clusters

Spinodal with light-clusters & Mott effect

@ Solving linearized Vlasov equations for symmetric NM (SNM) = w = w(k)

opj ==X 22 (Fé’ + ’:_il) 8p1 — 83 32, @Sy

@ w = Im(w) < unstable mode (spinodal region)

[R. Wang, S. Burrello, M. Colonna, F. Matera, PRC 110, L031601 (2024)]
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EFT-inspired EDFs for nuclear matter & nuclei

Outline of the presentation

© Further developments and outlooks
o Consistent description of fragmentation mechanisms in heavy-ion collisions (HICs)
o Joint Bayesian analyses combining nuclear structure and HIC studies
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EFT-inspired EDFs for nuclear matter & nuclei

Outline of the presentation

© Extended EDF-based models: recent developments and results

& Bridging phenomenological models with ab-initio approches
o Effective field theory (EFT)-inspired EDFs for nuclear matter and nuclei
o Bayesian inference of neutron stars within ab-initio-benchmarked meta-model
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EFT-inspired EDFs for nuclear matter & nuclei

Inferring EOS: nuclear & astrophysical constraints

@ Modeling EQS for compact stars 51
o Insights on neutron stars (NS) from observations 20 ]A—
o Understanding nuclear structure and reactions §
. . ©15] . ]
e Joint analyses with HICs = " owrmoor :
= ;
1.04 —BOB - - - Skyme C N 1
—V18 NLWM 0 \\\\I,
——N93 ---DDM \ w
0s]—#er 7 Vst :
2] ——DBHF -~ SFHO(N+Y)
——FS§s2CC
~——F882GC
o0 AFDMC
’ 9 10 11 12 13 14 15

R [km]
[G. F. Burgio, PPNP 120, 103879 (2021)]

-==- Prior r
— Astro + HIC

10°

Pressure P (MeV fm=)

]
0.5 1.0 1.5 2.0 25 3.0
Number density n (n,)

Huth et al. Nature 606, 276-280 (2022)
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EFT-inspired EDFs for nuclear matter & nuclei

Inferring EOS: nuclear & astrophysical constraints

@ Modeling EOS for compact stars 1
o Insights on neutron stars (NS) from observations 20 R
o Understanding nuclear structure and reactions _ -
e Joint analyses with HICs §1'5'6wm\g};\——
@ Bayesian inference of most NS macroscopic observables 104800 ---syme 3
o Leading role of high-density core EOS OSEEE';E; gﬁggﬁ:ﬁ’ \
o Agnostic formulation = mismatch with microscopics 3
* A;DMC 0 11 12 13 14 15

R [km]
[G. F. Burgio, PPNP 120, 103879 (2021)]

-==- Prior r
— Astro + HIC

10°

Pressure P (MeV fm=)

]
0.5 1.0 1.5 2.0 25 3.0
Number density n (n,)

Huth et al. Nature 606, 276-280 (2022)
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EFT-inspired EDFs for nuclear matter & nuclei

Inferring EOS: nuclear & astrophysical constraints

@ Modeling EOS for compact stars 7 ]

o Insights on neutron stars (NS) from observations e
o Understanding nuclear structure and reactions
e Joint analyses with HICs

@ Bayesian inference of most NS macroscopic observables 104808 - Siyme

—V18 NLWM

——N93 ------DDM
o Leading role of high-density core EOS 0s]—#er T Vst
- =——DBHF ------ SFHo(N+Y)
o Agnostic formulation = mismatch with microscopics —red
AFDMC
. . . 0
@ Description of low-density EOS & NS crust o ;[k ‘]2 e
m
o Simulations of proto-NS cooling processes [G. F. Burgio, PPNP 120, 103879 (2021)]

@ Precise determination of NS radii
o Understanding the origin of pulsar glitches

-==- Prior
— Astro + HIC

102

10°

Pressure P (MeV fm=)

0.5 1.0 1.5 2.0 25 3.0
Number density n (n,)

Huth et al. Nature 606, 276-280 (2022)
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EFT-inspired EDFs for nuclear matter & nuclei

Inferring EOS: nuclear & astrophysical constraints

@ Modeling EOS for compact stars 7 ]

o Insights on neutron stars (NS) from observations e
o Understanding nuclear structure and reactions
e Joint analyses with HICs

@ Bayesian inference of most NS macroscopic observables 10808 - Sgrmo

—V18 NLWM

——N93 ------DDM
o Leading role of high-density core EOS 0s]—#er T Vst
"] ——DBHF -~ SFHo(N+Y)
o Agnostic formulation = mismatch with microscopics —red
AFDMC
. . . 0
@ Description of low-density EOS & NS crust o g[k ‘]2 e
m
o Simulations of proto-NS cooling processes [G. F. Burgio, PPNP 120, 103879 (2021)]

@ Precise determination of NS radii
o Understanding the origin of pulsar glitches

-==- Prior r
— Astro + HIC

102

10!
X Model dependence in bulk and cluster matter
X Uncertainty in crust-core (CC) transition

= Need for unified modelization of core & crust

Pressure P (MeV fm=)

0.5 1.0 1.5 2.0 25 3.0
Number density n (n,)

Huth et al. Nature 606, 276-280 (2022)
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EFT-inspired EDFs for nuclear matter & nuclei

Unified EOS: phenomenological meta-model

@ Unified crust-core models based on EDFs = meta-modeling (MM) approach

[J. Margueron et al., PRC 97, 025805 (2018)]

eMM(nB,5) = t;iG(nB,(S) + VMM(nB,(S) 6= (nn — np)/nB
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EFT-inspired EDFs for nuclear matter & nuclei

Unified EOS: phenomenological meta-model

@ Unified crust-core models based on EDFs = meta-modeling (MM) approach

[J. Margueron et al., PRC 97, 025805 (2018)]
eMM(nB,5) = t;iG(nB,(S) + VMM(nB,(S) 6= (nn — np)/nB

@ Isoscalar (IS) & isovector (IV) expansion around SNM saturation ngas
v Truncation for N’ = 4 (Esat. Ksat, Qsat. Zsat, & Esym, Lsymy Ksym. stm. Zsym)

N
N 1 1S 1V ¢2 DB — Nsat
vMM_E E(VQ-i-vaé)x"‘, X=—
a=0 &' sat

I£7 Span over EDFs existing in literature

) Probe of novel np-dependencies
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EFT-inspired EDFs for nuclear matter & nuclei

Unified EOS: phenomenological meta-model

@ Unified crust-core models based on EDFs = meta-modeling (MM) approach
[J. Margueron et al., PRC 97, 025805 (2018)]
emm(nB, 8) = thg(ns,d) + vmm(ng,8) 6= (m —np)/np
@ Isoscalar (IS) & isovector (IV) expansion around SNM saturation ngas
v’ Truncation for N' = 4 (Esat, Ksat, Qsaty Zsat & Esym, Lsym, Ksym, Qsym, Zsym)

N
N 1 ( 1S v 2) o nB — Nsat
V; = E — (v} 4+ v, 67) x X=——"
MM — al @ @ 9 3nsat
-3
n, [fm 7] o 4e . .
0 0005 0?]2 008015 &) Span over EDFs existing in literature
—— BSk24 (MM) .
0.9 — SLy4 (MM) g ﬂ] Probe of novel nz-dependencies
—— NRAPR (MM)
= —— DD-MES$ (MM) — -
o= DR L) Pure neutron matter (PNM) at low-ng

e
=4
3

T

L

~ unitary Fermi gas (FG) = Lee-Yang

206 w2\,
N €B 10 4 2
AN B 14 2 (k) b~ (11—21n 2) (akg ) ..
o % o Ton (kP o ( n2)(ake)"+
04 g

0.3 L

% = microscopic ab-initio calculations
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EFT-inspired EDFs for nuclear matter & nuclei

@ EFT-inspired EDFs: YGLO [C.J. Yang, M. Grasso, D. Lacroix, PRC 94, 031301 (2016)]

ey(ng,d) = tra(np, 6)+vy(ns,d)

3
n, [fm 7]
o 0005 002 0.08 0.15
T T T T
4 AFDMC (2N+3N, Gandolfi 2022)
0.9ff = QMC AV4 (2N, Gezerlis 2010)
1 .- YGLO (FP)
osfh —— YGLO (Akmal)
- a
EO0TF \\.
= o
206 L.m
o O AEm
Nk ‘ _‘; .... . P 7
0.5 el e
See - -
oal TR
PNM
L L L
03 10 20 30
[akpg]
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VY(”B: 5) =

ng

[VgNM + (VgNM - VS(NM) 52]

Yilnglnd + Din/® + Fing*2
B;

1-— Rin%/?’ + CinzB/3

2nh2 v — 1

m Vi

2\ 1/3
6 (67r> (11— 2In2) 3

ai

357 \ 1y
(vi = 2,4 for PNM, SNM)
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EFT-inspired EDFs for nuclear matter & nuclei

@ EFT-inspired EDFs: YGLO [C.J. Yang, M. Grasso, D. Lacroix, PRC 94, 031301 (2016)]

1
ey (np,d) = trc(np, 6)+vy(ns, ) vy (ng,d) = — [VgNM + (VlgNM - Vg{NM) 52]

3
n, [fm 7]
B Y 8/3 a 2
| 0005 0.02 008 015 VY = Yinglrd + D; ny /3 4 Finat
T T T T
4 AFDMC (2N+3N, Gandolfi 2022)
09t = QMC AV4 (2N, Gezerlis 2010) || B;
| .... YGLO (FP) Y. [nB] = 73 573
0.87\1 —— YGLO (Akmal) 1 1-R ng "~ + G ng
<]
ma 2rh? y; — 1
S B = ——a
o m 1741
1/3
6 (6m2\"/
Ri = — | — (11—2In2)ai
357 Vi
a (vi = 2,4 for PNM, SNM)
|a k. |
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EFT-inspired EDFs for nuclear matter & nuclei

@ EFT-inspired EDFs: YGLO [C.J. Yang, M. Grasso, D. Lacroix, PRC 94, 031301 (2016)]

1
ey (np,d) = trc(np, 6)+vy(ns, ) vy (ng,d) = P [VgNM + (VlgNM - Vg{NM) 52]

3
n, [fm "]
B Y 8/3 a 2
K 0005 0.02 008 015 VY = Yinglrd + D; ny /3 4 Finat
T T T T
mmm BMBPT3 (Palaniappan, 2025)
09 4 AFDMC (2N+3N, Gandolfi 2022)| 1 B;
v MBPT3 (2N + 3N, Hebeler 2021) Yilng] =
0.8H v MBPT3 (2N, Hebeler 2021) 4 1_Rnt/3 e n2/3
= QMC AV4 (2N, Gezerlis 2010) 1'B 1B
oL YGLO (FP) i
4207 ~-= YGLO (Akmal) 2rh? v — 1
. — YGLO (MU) BB = ——a
S06- gy . . ¥ m v
0.5 R = TS 6 6 2\ 1/3
. v s
R ettt R = —|— (11-2In2) &
04r 2 357 I
PNM Vo5
| | Vv —
03 m 35 = (vi = 2,4 for PNM, SNM)
|a kg |
PHYSICAL REVIEW C 103, 064317 (2021) Eur Phys. J. A (2 . - THE EUROPEAN
Application of an ab-initio-inspired energy density functional to nuclei: Impact of the effective mass - - PHYSICAL JOURNAL A
and the slope of the symmetry energy on bulk and surface properties Reguar Al TheoreicalPrysics
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Y-MM

Ab-initio-benchmarked meta-model:
@ Y-MM = smooth interpolation of MM with YGLO (MU) at low-density

o Smooth-step transition function n}™ : [nB, ™M) = [0,1]

en(nB,9) = ev(np,9) (1= Y™ ) + et (mi, S)n)™

[S. Burrello, F. Gulminelli, M. Antonelli, M. Colonna, A. Fantina, Phys. Rev. C 112, 035802 (2025)]

3 25 ; .
Ny [fm ] — MM
X 0005 002 008 015 — YGLo
: i i ; e B
== BMBPT3 (Palaniappan, 2025) 20p [ VMM, =008 i)
09 4 AFDMC (2N+3N, Gandolfi 2022)| = MM (™ =010 )
v MBPT3 (2N + 3N, Hebeler 2021) i _ B
08 v MBPT3 (2N, Hebeler 2021) ] sk YMM(n, =015 fm")
= QMC AV4 (2N, Gezerlis 2010) o)
©oql YGLO (FP) ] =
F07 ~ YGLO (Akmal) =
e — YGLO (MU) S0 B
£206 . ;
05 - > E
Volseo " 5 —
04 VVV"VVVVV"v i
’ BSk24
PNM ‘ ‘ i . . \
0.3 10 20 30 0.05 or 0.15 0.2
Jakg] ng [fm”]

ng < n3 =0. m~> on onte-Carlo (or Brueckner) calculations exis
° X = 0.02 fm 2 only Monte-Carl Brueck lculat t

@ n% < ng < ny¥™ uncertainties on 3-body forces of YEFT

@ ng > n¥™ empirical MM, with n¥™ < ng.¢ variable final endpoint
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Ab-initio-benchmarked meta-model: Y-MM

@ Y-MM = smooth interpolation of MM with YGLO (MU) at low-density
e Smooth-step transition function ny™ : [y, ng™] — [0, 1]

ep(nB,d) = ey (ng,d) (1— ) + emm (g, O)ny™
[S. Burrello, F. Gulminelli, M. Antonelli, M. Colonna, A. Fantina, Phys. Rev. C 112, 035802 (2025)]
3 25
ny [fm ] —r ‘
— YGLO
20l [+ Y-MM (0,"™ = 0.08 fm”)
S— - Y-MM (1™ =010 fim”)
_ — v-MM 0, = 0.15 ™)
S st
23
=)
S0k
sl
BSk24
| \ .
0.35 10 20 30 0.05 o 0.5 02
la, k| ng [fm”]

@ np < n¥ = 0.02 fm 2 only Monte-Carlo (or Brueckner) calculations exist
@ n% < ng < ny¥™ uncertainties on 3-body forces of YEFT
@ ng > n¥™ empirical MM, with n¥™ < ng.¢ variable final endpoint
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Bayesian analysis: (informed) prior & posterior

@ Bayes’ principle: by filtering prior = posterior probability density functions (PDF)
2 /
Poost(X) = Cwpr (X) wip (X) e /2 prig(X)
[S. Burrello, F. Gulminelli, M. Antonelli, M. Colonna, A. Fantina, Phys. Rev. C 112, 035802 (2025)]

@ Prior: flat distributions f(X) in empirical [X[in, Xmax]

2N+2) X ‘ X,:nin X‘:nax

(X)) = F(Xmin xMa%, X,
Pprior(X) kl:[l (XE™™, Xk X) neat [fm=3] | 0.15  0.17
Eeat [MeV] -17 -15

Ksat [MeV] 190 270
Qsat [MeV] -1000 1000
Zsat [MeV] | -3000 3000
Esym [MeV] 26 38
Leym [MeV] 10 80
Ksym [MeV] | -400 200
Qsym [MeV] | -2000 2000
Zsym [MeV] | -5000 5000

m&/m 0.6 0.8
Amg,/m 0.0 0.2
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Bayesian analysis: (informed) prior & posterior

@ Bayes’ principle: by filtering prior = posterior probability density functions (PDF)
Ppost(X) = Cwirr(X) wip (X) e "2 poig (X)
[S. Burrello, F. Gulminelli, M. Antonelli, M. Colonna, A. Fantina, Phys. Rev. C 112, 035802 (2025)]
@ Prior: flat distributions f(X) in empirical [X[in, Xmax]
2(N'+2) Xk

pprior(x H f( X[?"n Xmax Xk)
k=1

@ Filters always active = “Informed” prior (IP)

min max
Xk Xk

nsat [fm~=3] | 0.15  0.17
Esat [MeV] -17 -15
Ksat [MeV] 190 270

- . 2
o Likelihood (exp) filter = x* fit of nuclear masses Quat [MeV] | -1000 1000

° EOS stability (aPB = O) Zeat [MeV] | -3000 3000
i i Esym [MeV] | 26 38
Strict wip filters sym
e e : Leym [MeV] | 10 80
? Moo 2 LOTM Ksym [MeV] | -400 200

Qsym [MeV] | -2000 2000

Zeym [MeV] | -5000 5000
mi/m 0.6 0.8
Ami,./m 0.0 0.2
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Bayesian analysis: (informed) prior & posterior

@ Bayes’ principle: by filtering prior = posterior probability density functions (PDF)
Ppost(X) = Cwirr(X) wip (X) e "2 poig (X)
[S. Burrello, F. Gulminelli, M. Antonelli, M. Colonna, A. Fantina, Phys. Rev. C 112, 035802 (2025)]
@ Prior: flat distributions f(X) in empirical [X[in, Xmax]
2(N'+2) Xk

pprior(x H f( X[?"n Xmax Xk)
k=1

@ Filters always active = “Informed” prior (IP)

min max
Xk Xk

nsat [fm~=3] | 0.15  0.17
Esat [MeV] -17 -15
Ksat [MeV] 190 270

- . 2
o Likelihood (exp) filter = x* fit of nuclear masses Quat [MeV] | -1000 1000

° EOS stability (aPB = O) Zeat [MeV] | -3000 3000
i i Esym [MeV] | 26 38
Strict wip filters sym
" Soundspeed f e < : Lsym [MeV] 10 80
Moo 2 LOTM Ksym [MeV] | -400 200

Qsym [MeV] | -2000 2000
Zsym [MeV] | -5000 5000

mi/m 0.6 0.8
a[S. Huth et al., Nature 606, 276 (2022)] with £5% margin Am;at/m 0.0 0.2
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@ Toggled wgrr strict band filter” in [n%,0.20] fm—3
= Probe its effectiveness on (Y-)MM




Bayesian inference of NS EOS & crustal observables

Isovector empirical parameters: E,, and Ly

0.25 -== MM (IP) 0.04
—— MM (Post) 36 T
0.9 -== Y-MM (IP) s
— Y-MM (Post) 03
ost % 34 | | H
2 0.15 = =
g 2002 — 32 K =
0.10 g
N 7 30
N S L
~ 0
0.05 NN oot W
/A \‘\ \ 28 L |
Ll L
0-00==55 30 35 o MO 40 w0 w0 T T T
Egm Lgym
’ =
2 60| 1
. . —_
@ IP filters weakly constraint Egym & Lsym =
>
wn
~

e EFT filter crucial to constraint Esym =~ 30 MeV
@ Y-MM reduces dispersion & shifts PDF to stiffer EOS I R
(Laym ~ 51 MeV) &

S
o
T
\
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Crust-core transition density ncc and pressure Pcc
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Crustal fraction of the moment of inertia Z. st /Z

14 14 5-95%
MM (Post) 7 Y-MM (Post) 25-75%
H H H A —— Median 9 —— Median
@ Key role for interpreting glitch activity 12 — 12 e
. . . 02R3 10
@ Slow-rotation approximation (W < 1) £
z o . E
@ ~<ust decreases while increasing M R &6
= enhanced role of crust in lighter NS | |

@ Y-MM distributions shifted upward > )

= lower Ic_fr“st values are ruled out 0

0.5 10 15 2.0 0.5 1.0 15 2.0
M /M, M/M.
@ Negligible crustal entrainment = Zeist > Gy, ~ 1.6% (wide range of M/M)
( PHYSICAL REVIEW C 112, 035802 (2025) \
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Neutron star EOS: MM vs Y-MM

10% L o @ Y-MM reduces MM crust-uncertainties
MM: 9-957%
| MM: 25-75% (o <5-10" g/cm?)
. Y-MM (0.10 fm~%): 5-95% . . ..
0%} o YAM (0100, 25.75% @ Distinct beha:xl\gor in t;uter layers
(pB $5-10°° g/em”)
Lo @ Overlapping at supra-saturation
(P >3-10 g/cm?)
? . @ Widening of blue bands at saturation
3 33
2 v (pB ~2-10" g/cm?)
Z
72l
d: 1072 ‘ Model ‘ Post [%]
o MM 0.31
- Y-MM (n}™ =0.10 fm—3) 0.36
Y-MM (ny™M =0.12 fm—3) 0.74
Y-MM (n}™ =0.14 fm~3) 1.33
0 Y-MM (n¥M = ng,¢) 2.38
10 10%2 10% 10 10%
pp [g/cm?]
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Outline of the presentation

© Further developments and outlooks

o Joint Bayesian analyses combining nuclear structure and HIC studies
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Final remarks and conclusions

@ Extending EDFs including clusters as explicit DOF and Mott effect

@ Bridging phenomenological models with microscopic ab-initio approches

@ Validation of phase-space excluded-volume approach against in-medium SE

@ Role of clusters on SNM spinodal instability and fragmentation dynamics
@ Low-density refinement through benchmark on ab-initio PNM calculations

@ Bayesian inference of crustal observables with reduced uncertainties

Further developments and outlooks

@ Implementation of light clusters & Mott effect in transport simulations

@ Joint analyses with also nuclear structure & HICs for tighter bounds on EOSJ
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Final remarks and conclusions

@ Extending EDFs including clusters as explicit DOF and Mott effect

@ Bridging phenomenological models with microscopic ab-initio approches

@ Validation of phase-space excluded-volume approach against in-medium SE

@ Role of clusters on SNM spinodal instability and fragmentation dynamics
@ Low-density refinement through benchmark on ab-initio PNM calculations

@ Bayesian inference of crustal observables with reduced uncertainties

Further developments and outlooks

@ Implementation of light clusters & Mott effect in transport simulations

@ Joint analyses with also nuclear structure & HICs for tighter bounds on EOS
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