Status and 10-year perspectives
on beta-decay

NUPECC long range plan 2024

Alejandro Algora
IFIC (CSIC-Univ. Valencia)
and ATOMKI

Sorin Gabriel Pascu
Univ. of Surrey
and IFIN-HH

Kick-off meeting of the TWG3 - LRP 2024



Why beta decay is relevant?

BROOKHIAEN

NATIONAL LABORATORY

woe

~ Approx. 288 stable

Approx 3000 known produced in
labs and reactors (and stars !!!)
Beta decay is the most general form
of transmutation
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[J. Erler et al. Nature 486, 11188]

S=Sii |

nitp:Jiwwnw.nnde b




Why beta decay is relevant?

Governed by selection rules and energy
conservation, it populates states selectively
(limiting and useful factor in nucl. struc. studies)
Relevant process in astrophysical scenarios
Simple decay process (only apparently)
Determined by the weak interaction, it can be used
as a tool to determine the strength of the weak
interaction and a way to look for new physics
Relevant in many neutrino applications

Important in relation to fission, as such it is
fundamental for multiple fission related applications
(decay heat, antineutrinos)

Decay properties of isotopes for medical
applications



Beta decay measurements: combination of
techniques
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Beta decay in the LRP 2017

Nuclear structure and reactions dynamics

Neutrino-less double beta decay — double charge exchange reactions

Exploration towards the drip lines (masses and beta decay half-lives)

Infrastructures

BEDO (Beta decay studies at Orsay)
LINO (Laser induced nuclear orientation setup for polarised beta-decay studies,

nuclear moments)
IDS

Wisard: Weak interaction studies- studies of beta-delayed protons from the decay
of 32Ar

VITO: beta-NMR studies
DESPEC project

Astrophysics

r-process (beta decay properties, beta-delayed particle decays)
TAS measurements

Symmetries and Fundamental interactions

Neutrino-less double beta decay

Searches for physics beyond SM

Applications and societal benefits

Beta batteries



Beta decay in the LRP 2024, overall classification

Facilities and Instrumentation

« JYFL, ISOLDE/VITO/WISARD, GANIL/DESIR and ISOL@MYRRHA are
facilities that are expected to make a visible impact in BSM physics

e HISPEC-DESPEC LONG-RANGE PLAN + instrumentation related

 LNL SPES + instrumentation related

Specific physics topics (with some overlap with other thematical working groups)
e Neutrinoless double beta decay, neutrino spectrum from reactors

* Physics beyond the standard model, weak interaction strength determination,
unitarity of the CKM matrix, muonic atoms, neutron decay

» Effective Field theory and theory in general

* Beta delayed processess (beta delayed neutron emission, beta delayed fission), beta-
NMR

* Related research: polarized beams, magnetic moments, nuclear radii



Fundamental interactions

Unitarity of the CKM matrix: super-allowed transitions
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Fundamental interactions and symmetries

365. Searches for BSM physics at Radioactive Ion Beam facilities

B. Blank, R. de Groote, P. Delahaye, T. Eronen, A. Falkowski, X. Fléchard, M. Gonzalez-
Alonso, E. Liénard, I. Moore, O. Naviliat-Cuncic, G. Neyens, N. Severijns and M.
Versteegen

Studies that focus at Physics Beyond the Standard Model.

Correlation experiments including MORA and WISArD, as well as precision beta
spectrum shape measurements, like b-STILED, are currently ongoing, and new
experiments using also radioactive molecules are being considered.

826. Challenging the Standard Model with Neutron Beta Decay Experiments
H. Abele, K. Bodek, M. Fertl, B. MANarkisch, D. Ries, and T. Soldner

Study of weak interaction parameters, determination of the nucleon axial form factor gA
and the Vud element of the Cabibbo-Kobayashi-Maskawa matrix.

The number of observables largely exceeds the number of parameters describing neutron
B-decay which consequently enables sensitive searches for new physics and allows to
check for consistency (Fierz interference term, transverse electron-polarization related
decay correlation coefficients that provide an additional probe of new physics, etc.)



Double beta decay

* The two neutrino emitting type 1s the rarest type of decays known (half lives of
the order of 10!8-1020y)

 The neutrino-less type has been searched for more than 75 years with no clear
results. In case of positive detection it will have revolutionary impact in physics:

It will show that neutrinos are Majoranna particles (its own antiparticle). It
violates lepton number conservation. Implies physics beyond the Standard
Model and that the neutrino has mass. Can constrain the baryon asymmetry
on the Universe.

[t can help to determine the effective neutrino mass and fix the mass
scale. This requires a proper knowledge of nuclear matrix elements
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Neutrinoless double beta decay

65. Shedding light on nuclear aspects of neutrinoless double beta decay by double
charge exchange reactions

Francesco Cappuzzello, Clementina Agodi, D. Carbone and M. Cavallaro for the NUMEN
collaboration

Double charge exchange reactions of relevance for neutrinoless double beta decay

281. nEXO: Neutrinoless double beta decay search beyond 1028 year half-life
sensitivity
The nEXO Collaboration

136Xe study

286. Theory of Neutrinoless Double-Beta Decay
M. Grasso, F. Nowacki, N. Smirnova, U. van Kolck

Matrix elements for double beta decay

304. The DARWIN Observatory
Contact Information: Laura Baudis, Marc Schumann

40 tonne liquid xenon target operated as a dual-phase time projection chamber



Neutrinoless double beta decay

343. European Rare Stable Isotope Supply EURASIS for research — searching a way
out from supply shortage
Contact: Dieter Ackermann

Supply of macroscopic amounts of isotopes needed for research

355. Hadron Structure

M. Bashkanov, S. Fegan, D. Glazier, C. Gwenlan, D. Hamilton, D. Ireland, K. Livingston,
D. MacGregor, B. McKinnon, R. Montgomery, P. Newman, B. Seitz, D. Sokhan, D. Watts,
and N. Zachariou

Calculations of matrix elements

578. Short-Range Correlations in Nuclei

Julian Kahlbow, Eli Piasetzky, Meytal Duer, Thomas Aumann, Or Hen, Anna
Corsi, Tetyana Galatyuk, and Joachim Stroth

Link of SRC effects to many adjacent fields like neutrinoless double beta decay, nuclear
charge radii, and neutron star equation-of-state, etc.



Other neutrino related applications

571. Muonic atoms for fundamental and applied nuclear science
Thomas Elias Cocolios , Andreas Knecht, and Frederik Wauters

Nuclear models aimed at the description of the nuclear matrix elements of OvBp decays
have traditionally been tested in connection with two-neutrino B (2vBpB) decays and [3
decays. It has been proposed that the ordinary muon capture (OMC) could also be used
for this purpose (constrain nuclear models).

Charge radius determination for 26mAl. This is of interest for superallowed decay
studies in relation to the determination of Vud (in relation to the error budget).

320. Beta decay studies for the prediction of the reactor antineutrino spectrum
Contact: A. Algora, M. Fallot, M. Estienne

Measurement of the beta decay of the most relevant contributors to the antineutrino

spectrum using complementary techniques. Measuring the spectral shapes to validate
corrections of forbidden decays.
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Astrophysics related topics
M. Mumpower et al., Progress in Particle and Nuclear Physics 86 (2016) 86—126
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See other publications
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Astrophysics related topics

205. Several ideas in Nuclear astrophysics
Authors: S. Courtin, F. de Oliveira Santos, N. de Séréville, C. Ducoin, M. Fallot, C.
Fougeres, F. Hammache, M. Heine et al

Fallot et al, TAS measurements are proposed relation to several topics of interest like beta
delayed neutron/gamma competition above Sn, EC studies relevant for Supernova
collapse, low energy collective modes, etc.



Beta-delayed fission
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Beta-delayed fission

522. Physics avenues with the Super Separator Spectrometer (S3) at GANIL-
SPIRAL?2
Contact: H. Savajols

Mentioned as one possible research objective in relation to fission recycling process (r-
process)

53S. Fission research via direct ion counting techniques
Contact persons: I. Mardor, T. Dickel, S. Pomp

Broad research focussed in fission, that includes the beta delayed fission process. Proposed
study using a combination of techniques: gas-filled stopping cell, high resolution mass
separation and coincident counting with DSSD detectors.

614. Towards the 4PI PARIS gamma calorimeter — scientific case and technical
challenges
Contact persons: Adam Maj, Franco Camera, Marek Lewitowicz

Beta delayed fission is among the physics cases mentioned.



Beta-delayed neutrons
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The CRP on beta-delayed neutron emission data

CRP Objective

The overall CRP Objective is to enhance Member States' (MS) knowledge and calculational capabilities in the fields of nuclear energy, safeguards, used fuel and waste management and nuclear
sciences by creating a Reference Database for Beta-Delayed Neutron Emission that contains both a compilation of existing data, evaluated data and recommended data, which will be made readily
available to the user community. The project starts in 2013 and will have a duration of 4 years.
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Beta-delayed neutrons

417. LNL

In relation to SPES, the detector NEDA is mentioned to be used at the decay station for
beta delayed neutron measurements

791. Perspectives for precision experiments with heavy-ion storage rings
Contact: Yury A Litvinov

Perspectives of measuring beta delayed neutron emission using heavy-ion storage rings of
relevance for nuclear structure and astrophysics.

874. LNS

Detector POLYFEMO mentioned in relation with astrophysics studies



Beta decay of laser polarized nuclel
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Beta decay of laser polarized nuclel

21. Input for the LRP2024 compiled by the ISOLDE collaboration committee on
behalf of the ISOLDE collaboration

In the future, the alignment of laser-polarised short-lived isotopes will be used to study
angular correlations between emitted y radiation, B particles, and neutrons, allowing to
determine spins and parities of excited states in many neutron-rich nuclei, often relevant
for the r process.

385. Physics at the DESIR facility of SPIRAL2/GANIL

Possible future applications include the polarization of radioactive ion beams by optical
pumping either for nuclear-moment measurements or for decay spectroscopy with oriented
nuclei, aimed at nuclear-structure studies or tests of fundamental symmetries.

763. The Belgian Nuclear Research Centre (SCK CEN)

The development of a dedicated polarization beamline for radioactive ions and molecules
shall be considered as a versatile tool to serve both the B-NMR as the fundamental-physics
community.



Current dedicated setups and facilities
ISOLDE Decay Statlon (IDS)

DESPEC @ GSI




Faclilities

77. Soreq Applied Research Accelerator Facility (SARAF)
Contact person: Israel Mardor

Study of fast neutron cross section data reactions. Relevant for reactors of new

generation and for the background in double beta decay and dark matter experiments.
Exotic nuclei for nuclear structure, astrophysics and searches for physics beyond the
Standard Model of elementary particles. S-process research.

136. Paul Scherrer Institute — PSI

Alex Amato, Robert Eichler, Joachim Grillenberger, Malte Hildebrandt, Andreas Knecht,
Klaus Kirch, Daniela Kiselev, Bernhard Lauss, Stefan Ritt, Roger Schibli, Mike Seidel,
Adrian Signer, Nicholas van der Meulen;

Muon capture decay (mentioned already before)



Faclilities

385. Physics at the DESIR facility of SPIRAL2/GANIL
B. Blank, J.C. Thomas, E. Minaya Ramirez for the DESIR Collaboration

DESIR 1is the future low-energy facility of SPIRAL2 at the GANIL laboratory in Caen,
France. DESIR will receive low-mass beams from SPIRAL1 produced via projectile or
target fragmentation and mainly fusion-evaporation products from S3-LEB

Setups:

DETRAP as part of the facility, laser-excited (LUMIERE), BESTIOL. Goal to have
ultraclean beams, BEDO (BEta Decay studies at Orsay), COeCO (COnvergent electron
Chaser in Orsay), TETRA as a 4-n neutron detector, etc.

The MORA setup (a Paul trap combined with lasers) will allow the polarization of
nuclear species (e.g. 23Mg or 39Ca) to study CP violation (through the study of the D
coefficient) .



Facilities
417. LNL

SPES experiments will be performed by using low energy RIBs

Setups:

A Tape Station (Beta-decay station) equipped with plastic detectors at the implantation
point for the identification of the emitted electron/positron and HPGe detectors (coaxial
Ge detectors or Triple clusters of the GALILEO vy-ray spectrometer, (LaBr3:Ce
scintillators), conversion electrons (Si(Li) detectors), beta-delayed neutrons (NEDA
detectors).

SLICES, an off-line decay chamber coupled to the tape station, that will be used as a
second measuring point hosting an electron spectrometer.

541. Vision for the GANIL long range plan
Patricia Roussel-Chomaz, Fanny Farget

DESIR (Decay, Excitation, Storage of Radioactive Ions). Aims to study regions of the
nuclear chart from light nuclei (with SPIRALI beams), to the heavy/super-heavy nuclei
and to neutron deficient nuclei around 100Sn (with S3 LEB).



Faclilities

764. The Belgian Nuclear Research Centre (SCK CEN)
Authors: L. Popescu, H. Ait Abderrahim, M. Coeck, A. Fabich, M. Schyns

Experiments of relevance for fundamental physics are being identified and shall be
updated in a continuous dialog with potential users. These experiments can benefit from
the extended beam times at ISOL@MYRRHA.

High precision laser spectroscopy experiments on radioactive atoms or molecules and
‘correlation experiments’ in nuclear beta decay (development of a dedicated polarization
beamline for radioactive ions and molecules for B-NMR as fundamental-physics
studies).

HADES

Underground laboratory constructed to test the geological disposal of nuclear waste in
layers of clay, under real conditions. It also offers excellent conditions for low-
background measurements, with a significant reduction of the background due to the
strong attenuation of the cosmic-ray induced muon flux. This i1s where JRC-IRMM'’s Ultra
Low-level Gamma-ray Spectromery (ULGS) facility is being installed. Recent
measurements of the decay of 190Pt and 198Pt in a search for double-beta decay of these
nuclei.



Complementarity of other studies

585. Role and importance of nuclear electromagnetic moments and radii

Contact person: Ruben de Groote

Contributors: Michael Block, Bradley Cheal, Rafael Ferrer, Georgi Georgiev, Agota
Koszorus, Iain Moore, Gerda Neyens, Wilfried Nortershauser

The electromagnetic moments and charge radii of nuclear ground- and excited

states provide nuclear-model independent insight into the structure of atomic nuclei, and
serve as critical benchmarks for the testing and development of theoretical models.
Complementarity to beta decay studies.



Contributions from national groups
556. Canadian Nuclear Physics Research context for the NuPECC Long Range Plan

Role of the SNOLAB underground laboratory. Participation in neutrino experiments.
NeXO, LEGEND projects. Study of the unitarity of the CKM matrix through precision
measurements of ft values in nuclear superallowed beta decays at the TRIUMF GRIFFIN
and GPS facilities. High precision mass measurements at TITAN providing the Q values.

737. The Spanish Nuclear Physics Network (FNUC) framework for contributions to
the NuPECC Long Range Plan 2024

Role of the Spanish Nuclear Physics community in large scale facilities like CERN
ISOLDE, nTOF, other European Laboratories, FAIR, etc., contributions and future
directions in the development of instrumentation by Spanish groups (IDS, instrumentation
for DESPEC, HIE-ISOLDE, etc.) and the importance of national small-scale facilities for
basic and applied research and the training of future researchers.

315. Nuclear Physics research and plans in Italy

Experiments working in different laboratories in the world, with a special attention to the
facilities in INFN laboratories (Catania LNS, Frascati LNF, Gran Sasso LNGS and
Legnaro LNL) and CIRCE in Caserta. The experiments deal with different types of beam
(both stable or radioactive projectiles). Few experiments focus on more interdisciplinary
studies, including biomedicine applications, or fundamental aspects of the standard model
and the matter/antimatter symmetry.



Perspectives (our personal view)

New radioactive beam facilities will play a role in extending the limit of
access to exotic nuclei with more extreme proton-neutron ratios. New
instrumentation is also being developed in this context. Beam purity and
intensity is crucial for many studies.

There is a clear need to use complementary techniques to obtain a full
picture of beta decay data.

There is a considerable effort in studies that have an impact in physics
beyond the standard model and neutrino physics.

Relevance of studies that provides data for practical applications (reactor,
medical physics, etc.)

Some identified missing topics: validation of nuclear models for
astrophysics, inclusion of Hauser-Feshbach statistical model in theoretical
calculations, Beta-Oslo method, relevance of isomeric decays, lack of
specific cases for nuclear structure, etc.



THANK YOU
for your attention



