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Nuclear Structure for Neutrinos and Astrophysics

Overview:

e 3 sessions, each 90 min
+ 1 joint session with “Neutrino Masses, Mixings, and Interactions” track
o Tuesday (1 session)
o Wednesday (1 session)
o Thursday (1 session) + Joint Session

e 11 talks: 2 overview talks (30 min) and 9 contributed talks (20 min)

e Covered a wide range of topics:

Ab initio nuclear theory for neutrinos and beta decays
Nuclear interactions and electroweak operators
Neutron-star physics

Uncertainty quantification using emulators
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e Positive feedback from the attendees



Nuclear Structure for Neutrinos and Astrophysics: Parallel 3 (Jun 10, 2025, 2:00 PM)

Matthias Heinz (ORNL):

Exploring new physics and nuclear structure with Ytterbium isotope shifts.

 Significant progress on reach,
precision, and applications of
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* Nuclear structure input with Zv
quantified uncertainties essential =
to understand Yb King plot <y

e Leading signal due to nuclear structure,
not new physics

 Remarkable reach to provide input for
new physics searches in heavy nuclei
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 3 (Jun 10, 2025, 2:00 PM)

Francesca Bonaiti (ORNL and FRIB/MSU):
Beta-decay strengths of neutron-rich nuclei relevant for astrophysics

40

W
9]

[\
9]

Discretized GT response [MeV 1]

(=)

W
[}

[\
(=)

—
(9]
L

—_
(=)

(9]
L

B=.j:=-1 ANNLOgo (394), Ny = 8
| e
- g j-z:o Coupled cluster

1 Soon to be measured at FRIB

%ONi

Llll.l H ik

0 2 4 6 0 12 14

Ex(8%Cu) [MeV]

Gamow-Teller response in "%#°Ni

160

&

S
! Giant Dipole
'\/\;\/ i P Resonance

£
)
€
9
1)

5 10 15
Energy (MeV)

P(O-pO)[fm ™3]

0.0004

0.0003

0.0002

0.0001

0.0000

—0.0001
—0.0002
—0.0003

—0.0004
0

t=10 fi/c

N

—— Proton density

t=10 fm/c

YA

—— Neutron density

2

4 6
r [fm]

0 2 6

4
r [fm]

Collective oscillations in real time



Nuclear Structure for Neutrinos and Astrophysics: Parallel 6 (Jun 11, 2025, 4:00 PM)

Lotta Jokiniemi (Darmstadt):
Ab initio calculations of Neutrinoless
Double-Beta Decay

‘ -Oyﬁ decy is a robust yét challengig probé for ,’
§ BSM physics and neutrino properties

$. Ab initio methods are becoming capable of
t computing the needed nuclear matrix elements

| YEFT analysis of the operators allows for
¢ uncertainty quantification

b« Nuclear deformation
§= Two-body currents 4§ - i tomorrow at 4:46 pm
= Consistent order-by-order convergence study B
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 8 (Jun 12, 2025, 4:00 PM)

Antoine Belley (MIT):
ADb Initio Neutrinoless Double Beta Decay Matrix Elements
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 8 (Jun 12, 2025, 4:00 PM)

Jason Holt (TRIUMF):
First-Principles Theory for New Physics Searches

&2 TRIUMF - Future of Ab Initio Theory

(Former)
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Structure + Astrophysics
= Symmetry Violation
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 8 (Jun 10, 2025, 4:00 PM)

Graham Chambers-Wall
Three-nucleon Onuf potentials and their matrix elements in light nuclei

OvBB has a leading 2N component

Derived 3N operators up to N3LO within yEFT

Possibly large 3N matrix elements relative to 2N

Interesting to see 3N calculation in larger nuclei with other many-body

methods
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 6 (Jun 11, 2025, 4:00 PM)

Ayala Glick-Magid (INT)
A novel simplification of tensor interactions ...

Fermionic Tensor — vector-like objects

BSM Tensor missing theory: "
Time-only space-time
» B-decays Fe  (— Jo =)
» BSM matrix elements identify
with the well-known SM ones T - .
» Predictions & Observables for v =
forbidden decays for the first time
» New experiments @ ORNL, HUJI, SOREQ 1 Space-only
Glick-Magid & Gazit, PRD 2023 mixed
space-time
sl
S » New terms A N
» Identification of the tensor symmetry Something’s .., ., ~ .. Nuclear
involved is now possible cument 4% J&) cyrrent
> u-ve 1 N
» New Operators Hy ~ J* (X) Jpy (%)
» Matching data = Must be Tensor! ==[T- g +j" - "]

Glick-Magid, PRD letter 2024




Nuclear Structure for Neutrinos and Astrophysics: Parallel 7 (Jun 12, 2025, 2:00 PM)

Maria Dawid (INT):
A New Class of Three Nucleon Forces and their Implications

1. We identified a new class of Three Nucleon-Forces X 7 N

2. We estimate their contribution to the energy of neutron and nuclear matter

3. Future directions: constraining D5, F», E,
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 6 (Jun 11, 2025, 4:00 PM)

Sebastian Urrutia Quiroga (INT):
Determining the leading-order contact term induced by sterile neutrinos in
neutrinoless double 3 decay
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 6 (Jun 11, 2025, 4:00 PM)

Wouter Dekens (INT):
Superallowed beta decay in effective field theory

0" — 0" decays probe BSM physics to high scales ~ 10 TeV

Requires control of SM uncertainties
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EFTs for superallowed decays:
* Explicit separation of scales
* Resums large logarithms

Nuclear-structure dependence from two-body currents
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 7 (Jun 12, 2025, 2:00 PM)

Debora Mroczek (UIUC):
What is hiding in the core of a neutron star?

® We find a Bayes factor of K = 1.5 between GP and mGP — current constraints do not favor either model.

Physical interpretation: multi-scale correlations and nontrivial features in ¢2(ng) which signal the onset

of new phases of matter inside neutron stars are not ruled out by current constraints, but neither are
they required.

* Nuclear physics models predict nontrivial features in cs2 and multi-scale correlations across densities
when exotic degrees of freedom are present.

* Introduced modified Gaussian processes as novel approach for modeling nontrivial features in csz.

Performed a fully Bayesian analysis including astrophysical, low-energy, and pQCD constraints.

* Multi-scale correlations important for searches for a crossover within NS densities.

Neutron stars probe a regime of QCD that we cannot recreate in labs. The only
way to extract information about QCD from neutron stars is through inference.
Quantifying theory uncertainty on the EoS is a requirement.




Nuclear Structure for Neutrinos and Astrophysics: Parallel 7 (Jun 12, 2025, 2:00 PM)

Cassandra L. Armstrong (LANL):
Machine Learning for Uncertainty Quantification in Neutron Matter

Summary and Outlook

1. We have applied the PMM to AFDMC calculations of
pure neutron matter. We obtain emulator uncertainties of
~1% at N2LO.

Probability Density [arb. units]

The PMM allows us to propagate uncertainties directly
from LECs to EOS: straightforward way of uncertainty 000575 15 20 zs":'zo 35 4o
estimation without the need of a posteriori assumptions. e leodiio

—— GP estimate (68%) See Drischler et al., PRL (2020)
90% Contour

We have applied emulators to the TOV equations and o) v Contor
obtain emulator uncertainties of ~0.01% for all neutron =
star observables.

We will put the emulators into PyCBC and perform a
Bayesian analysis of GW data to constrain the LECs. g | o errors estimated a posteriori
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Nuclear Structure for Neutrinos and Astrophysics: Parallel 7 (Jun 12, 2025, 2:00 PM)

Kang Yu (FRIB/MSU):

Emulation and Uncertainty
Quantification of Nuclear Matter
Equation of State from In-Medium
Similarity Renormalization Group

Developed the nonperturbative many-body
framework IMSRG(2) for infinite asymmetric
matter calculations at zero temperature

Constructed fast & accurate emulators for the
nuclear EOS using Parametric Matrix Models
(cf. talk by C.L. Armstrong)

Emulators (i.e., surrogate models) enable
systematic propagation of nuclear interaction
uncertainties to the EOS and beyond

o 10° speed-up factors, sub-percent errors

PNM EOS with Uncertainty Bands from PMM-IMSRG, N2L0Osim 500 290
—— Mean EOS
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frameworks for pure neutron matter (PNM)
calculations based on soft NN + 3N interactions

e IMSRG(2)
e Many-body perturbation theory (MBPT)
e Coupled Cluster (CC) theory



Nuclear Structure for Neutrinos and Astrophysics: Parallel 3 (Jun 10, 2025, 2:00 PM)

Tianqi Zhao (UC Berkeley/INT):

How weak interactions suppress g-modes in hot neutron stars

e Neutron star oscillations may be detectable by
next-generation GW detectors

o talk focused on g-modes

e They encode key properties such as composition
gradients and phase transitions.

e During oscillations, weak charged-current interactions
serve as the dominant known dissipation
mechanism, generating bulk viscosity that can
completely suppress g-modes at temperatures above
approximately 5 MeV.

e However, direct detection of neutrino modulation from
neutron star oscillations is beyond the capabilities of
current neutrino detectors.
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Thank you...

Madison, Wisconsin
June 8-13, 2025

... to the organizers, all of the conveners, and all of the speakers!



