V7
Nuclear Physics in &ﬁ

IPARCOS

Large Environments

DDDDD

Nuclear Physics Group

IPARCOS Scientific Advisory Board: Bi-Annual Review 2026

José Antonio Briz Monago



Group’s Overview
Group Snapshot

Group Name & Principal Investigator (Pl): Nuclear Physics Group, PI: J.M. Udias, L. M. Fraile (currently ISOLDE-CERN
Physics Group Leader). Web: https://www.ucm.es/gfn

e Current Size: Total members

o 5 Staff (J.M. Udias, L.M. Fraile*, J.A. Briz, L. Munoz, O. Moreno),
o 2 Postdocs: N. Bernier (Canada), M. Piersa (Poland),

o 7 PhD students (G. Garcia de Lorenzo , P. Gonzalez-Tarrio, O. Alonso-Sanudo, M. Caballero, V. Martinez, |. Gutiérrez,
J. Garcia-Marcos).

 Key Personnel Changes: Three staff left the group:
o L. M. Fraile in leave since July 2025, currently ISOLDE Physics Group Leader and ISOLDE Collab. Spokesperson.
o R. Gonzalez-Jiménez and T. R. Rodriguez now in Seville University.
o One postdoc (A. lllana) left the group and took a RyC tenure at CSIC.
Attracted a MSCA fellow: Monika Piersa and a post-doctoral researcher: Nikita Bernier (HISTARS)
Key Performance Indicators

* High-Impact Publications: 88 peer-reviewed papers (37 in Q1 journals / Letters).
 Funding Secured:

o National project: PID2024-160624-NB-100. FASCINA-2. Sept. 2025- August 2028. 191 k€.
o HISTARS project (MMR funding): ~1 M€ (529 k€ IPARCOS)

o  GAMMA-MRI (Nuclear applications) — Attracted a MSCA fellow: M. Piersa (Poland) '//
e Training: 2 PhD theses defended since 2024 /

*on leave due to appointment as ISOLDE (CERN) Physics Group Leader since July 2025 -~
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https://www.ucm.es/gfn

Group’s Overview

Top 2-3 Scientific Highlights
* Highlight 1: Building and commissioning of HISTARS array at ISOLDE (CERN)
* Highlight 2: Leadership of group members in international experimental campaigns:

(@)

L.M. Fraile, A. lllana, N. Bernier, G. Garcia de Lorenzo and J.A. Briz are Pls of several experiments at ISOLDE-CERN,
RIKEN (Japan), ILL (France), U. Jyvaskyla (Finland), CCB (Poland), INFN Legnaro (Italy)

« Highlight 3: Enriching knowledge on nuclear structure at '*2Sn and "®Ni regions: Publications on “First evidence of a high-spin isomer
(18%) in 128Cd (1S685)” and “Structure of 28Sn selectively populated in the B decay of the '8In ground state”. Others in preparation.

Leadership, Internationalization & Impact
 Major Roles:

©)

O O O

©)

Luis Mario Fraile ISOLDE-CERN Physics Group Leader since July 2025 and Spanish representative in NUPECC
committee.

Spokespersons of international experiments (L.M. Fraile, A. lllana, N. Bernier, G. Garcia de Lorenzo and J.A. Briz)

J.A. Briz is Vice-President of Grupo Especializado de Fisica Nuclear (GEFN) at Spanish Royal Society of Physics (RSEF)
J.A. Briz is member of the scientific committee ASTRANUCAP bilateral research network.

T.R. Rodriguez is the Pl of the Strategic Network FNUC at national level.

 Recognitions:
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 Tech Transfer / Outreach: HELMET PET (see Nuclear applications talk) %
The Horizon

* Next Big Milestone: Installing and commissioning the HISTARs detector array at ISOLDE (CERN). IPARCOS

P. Gonzalez-Tarrio: GEFN-ATI prize to best Master thesis in Experimental Nuclear Physics from GEFN-RSEF. Link. And
accesit to G. Garcia de Lorenzo.

O. Alonso-Sanudo: prize for best presentation at “Young investigators meeting 2024” CMAM. Link.

G. Garcia de Lorenzo: prize to best poster at “ISOLDE Workshop and Users Meeting 2025, Geneva (Swﬂzquand



https://gefn-rsef.github.io/premios
https://www.uam.es/uam/investigacion/cultura-cientifica/articulos/young-investigators-meeting
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in line with NUPECC Long Range Plan 2024 for
European Nuclear Physics.
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HISTARS project: A High-Perfomance Detector
for Nuclear Excited-State at HIE-ISOLDE

Pls: L.M. Fraile (UCM) until June 2025, J.M. Udias (UCM)
from July 2025, O. Tengblad (IEM-CSIC), E. Nacher (IFIC-CSIC)

~ 1 M€ from Spanish government for “new projects to be
developed by Spanish research groups at CERN”

Highly-sensitive detector setup for measuring lifetimes of
excited states populated in reactions at HIE-ISOLDE

Key ingredients: Fast scintillators for both charged particles
and gamma radiation with fast time response

IPARCOS



Status of the HISTARS project

YT 4@, =% Combining:

-an upgrade of charged-particles detectors to provide good timing and
high-rate capabilities

-addition of a fast gamma scintillation detector array at low
Doppler-shift angles to measure lifetimes of nuclear excited states

On-going work:

Monte Carlo simulations (Geant4) of several configurations
; &

U —

Experimental tests at CMAM (Madrid) and ISOLDE (CERN) ///
last year and planned for next months. N
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The nuclear landscape

— Nuclear structure:

- Regions near doubly-magic nuclei to probe
properties of single-particle states.
o - Evolution of magic numbers far from stability
. - Shape coexistence and shape mixing
phenomena.
- 1325n js the heaviest doubly-magic nucleus far
from stability
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— Nuclear astrophysics

Regions of 78Zn and 132Sn are traversed by
nucleosynthesis processes (mainly r-process) of
production of heavy isotopes in stellar scenarios.
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Nuclear structure in the vicinity of 7®Ni

_ 80-87
IS771 (ISQLDE, Geneya) Ge decays at IDS. L R B /
Pls: J. Benito, L.M. Fraile, A. lllana M.
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L-forbidden decays ®°Br at Lohengrin (ILL, Grenoble).
Pls: L.M. Fraile, G. Garcia de Lorenzo

Beta decay of 3°Kr at Lohengrin (ILL, Grenoble).
Pl: N. Bernier Run in June 2026

1S684-"882Zn via Total Absorption Spectroscopy (ISOLDE, Geneva).
Pl: L.M. Fraile and A.l. Morales

’8Cu beta decay at IGISOL (U. Jyvaskyla, Finland).
Pis: A. lllana, B. Olaizola, M. Stryjczyk. Run: end 2026.

I1S622- (ISOLDE, Geneva) “Cu decay into neutron-rich Zn isotopes:
shell structure near "®Ni.”
Pls: B. Olaizola, A. lllana




L-forbidden transitions

-Exploration on L-forbidden M1 transitions in Odd-A N=50

nhuclei.

- For pure single-particle states, ordinary M1 transitions

require Al=0

-Lifetimes of the first excited states of the ®°Br and 8’Rb for the

first time via 8~ decay at Lohengrin (ILL, Grenoble) and ®3As via
p~ decay at IDS (ISOLDE-CERN).

- Fast-timing technique (up to ~ps) for which our group is

internationally recognised.

I-forbidden M1 transition
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ISOLDE TAS experiments

Total Absorption Spectroscopy (TAS) is a complementary technigue to
conventional High-Resolution gamma spectroscopy studies to overcome
the so-called “Pandemonium effect” and get results free from systematic
errors.

Our group led four experimental campaigns to study:

’8827n decays: 1S684 (PlIs: L.M. Fraile & A. |. Morales) - June 2022
Data under analysis: O. Alonso-Sanudo PhD thesis

128-1311n decays: 1S693 (Pls: L.M. Fraile, M. Fallot, B. Rubio and A. Korgul)
April 2023: Data under analysis. Lucrecia TAS spectrometer at ISOLDE-CERN

N=Z region:
04-66Ge, ©8-70Ge: |S570-1S669 (Pls: E. Nacher, A. Algora, J.A. Briz)

Isospin mixing in 64.66Ga reexamined via total absorption spectroscopy Phys. Rev. C 112, 064328 (2025) pp. 1-9
Waiting for some target development to obtain clean Selenium beams

152,155T}y 7677y 15722 (Pls: E. Nacher, J.A. Briz). PhD. thesis A. C. Fonseca (IFIC-CSIC) 7
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https://journals.aps.org/prc/abstract/10.1103/14qx-4jh6

IDS experiments at 78Ni region

1IS771 - 8%87Ge beta decay. Pls: L.M. Fraile, A. lllana, J.
Benito. PhD. thesis of P. Gonzalez-Tarrio (UCM)

1S622 - “Cu decay into neutron-rich Zn isotopes: shell
structure near “8Ni.” Pls: B. Olaizola and A. lllana.

- PhD. thesis of J. SAnchez-Prieto at UCM.
Supervisors: B. Olaizola and J.A. Briz

- PhD. thesis of D. Palacios at USC. Supervisors: B.
Olaizola and Y. Ayyad.

- 6 Master theses in the last 2-3 years: Carlos
(ongoing), David, Ofioro, Miguel, Gabriel and
Pablo.
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Studies in the '*2Sn region )

12%1 9
IS685 - ISOLDE-CERN - “Beta-decay spectroscopy of neutron-rich Cd isotopes”. Pls: L.M. Fraile, and A. Korgul.

- PhD. thesis of M. Llanos-Exposito (UCM, Jan 2026)

- M. Llanos-Expésito et al. “Structure of 1%Sn selectively populated in the beta decay of the 2%%In gs”
Phys. Rev. C 111, 064310 (2025)

- other 2-3 papers submitted or in preparation.

IS693 - ISOLDE- CERN - 1281311 decays. Pls: L.M. Fraile, M. Fallot, B. Rubio and A. Korgul.
April 2023: Data under analysis

Historically the group was key part of the collaboration in several studies in the region:
2024

First B-Delayed Two-Neutron Spectroscopy of the r-Process Nucleus '**In and Observation of the i
Rev. Lett. 135, 15, 152501

Detailed structure of *'Sn populated in the B decay of isomerically purified in 131 states Phys. Rev. C, Vol. 110, 1
2023:

Evidence of nonstatistical neutron emission following B decay near doubly magic Sn 132 Phys. Rev. C, Vol. 108, 2
In 133: A Rosetta Stone for Decays of r -Process Nuclei Phys. Rev. Lett. 131, 2

B -delayed neutron spectroscopy of in 133 Phys. Rev. C 108, 1

2020:

Detailed spectroscopy of doubly magic Sn 132 Phys. Rev. C, 102, 1

13, Single-Particle Neutron State in '33Sn. Phys.



https://produccioncientifica.ucm.es/documentos/690fafee9d779071e7cc1a30
https://produccioncientifica.ucm.es/documentos/66b88c68110bef475d850fa8
https://produccioncientifica.ucm.es/documentos/651014910058624993e2ca84
https://produccioncientifica.ucm.es/documentos/64be32af3bbfc602eae58854
https://produccioncientifica.ucm.es/documentos/64e2a6aa4a4f093d56e7500a
https://produccioncientifica.ucm.es/documentos/5f4aece729995232bdcb5985

Research at National accelerators

- MANY collaboration at CMAM (Madrid), CNA (Seville):

- Study of ?’Al(a,n) reaction using GARY array: Radiation Physics and Chemistry
244 (2026) 113815. O. Alonso-Sainudo, L. M. Fraile, J.A. Briz, A. lllana et al.

- “Design and commissioning of the miniBELEN neutron counter for the study of 25
(a,n) reactions”, N. Mont-Geli, L.M. Fraile, ..., O. Alonso-Safiudo,, ..., J.A.
Briz,..., A. lllana et al. Eur. Phys. J. Plus (2026) 141:381 link

- Isomers in °*Mo populated via («,n) : PI: A. lllana

- Studies of reactions of interest for Nuclear Fusion at CMAM:
10B(a,n)*3N , ¥¥N(a,n)8F. PI: L.M. Fraile. Hina Ali Master Thesis (2024).
- 9(a,n) reactions on Zr isotopes. Pl: L.M. Fraile.



http://sciencedirect.com/science/article/pii/S0969806X26002252/pdfft?crasolve=1&r=9f563960ccec0341&ts=1777716500652&rtype=https&vrr=UKN&redir=UKN&redir_fr=UKN&redir_arc=UKN&vhash=UKN&host=d3d3LnNjaWVuY2VkaXJlY3QuY29t&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&re=X2JsYW5rXw%3D%3D&ns_h=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ns_e=X2JsYW5rXw%3D%3D&rh_fd=rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&tsoh_fd=rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&hc=~rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejhwrrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejhwrrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&iv=d9ad5be6a3b9bb9cd29a9be35545658b&token=36643632333739616565666166343766343864363238303636656163636336373232393238356365663264653432333136373230396664326531653536323133353765346561613564333737396334346266656139343030373561383030313365623835393066363830383364366664653235316665613864383165633438633a333961343461393134353431333338303961656432643564&text=&original=3f6d64353d3865343163373337386466396136326432663638663561616133323634663034267069643d312d73322e302d53303936393830365832363030323235322d6d61696e2e706466&chkp=1c&rack=9f563960ccec0341
http://sciencedirect.com/science/article/pii/S0969806X26002252/pdfft?crasolve=1&r=9f563960ccec0341&ts=1777716500652&rtype=https&vrr=UKN&redir=UKN&redir_fr=UKN&redir_arc=UKN&vhash=UKN&host=d3d3LnNjaWVuY2VkaXJlY3QuY29t&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&re=X2JsYW5rXw%3D%3D&ns_h=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ns_e=X2JsYW5rXw%3D%3D&rh_fd=rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&tsoh_fd=rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&hc=~rrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejhwrrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejhwrrr)n%5Ed%60i%5E%60_dm%60%5Eo)%5Ejh&iv=d9ad5be6a3b9bb9cd29a9be35545658b&token=36643632333739616565666166343766343864363238303636656163636336373232393238356365663264653432333136373230396664326531653536323133353765346561613564333737396334346266656139343030373561383030313365623835393066363830383364366664653235316665613864383165633438633a333961343461393134353431333338303961656432643564&text=&original=3f6d64353d3865343163373337386466396136326432663638663561616133323634663034267069643d312d73322e302d53303936393830365832363030323235322d6d61696e2e706466&chkp=1c&rack=9f563960ccec0341
https://link.springer.com/article/10.1140/epjp/s13360-026-07523-w

MSCA fellow (M. Piersa) currently at UTK (USA)

RADESO: Next-Generation Radiation Detectors in Experiments with Spin-Oriented Exotic Nuclei

» Anisotropy of radiation from spin-oriented
nuclei offers an underutilized observable
that is sensitive to nuclear spin-parity

» Beta-decay spectroscopy with laser-polarized
radioactive beams at CERN-ISOLDE

» Cross-disciplinary experimental approach

SID D
TENSE
HOSt MADRID

07/2025 - 06/2028

THE UNIVERSITY OF

TENNESSEE

Partner: KNOXVILLE

07/2025 - 06/2027

Facility: a gatai

(where the main experimental activities)

Three project phases/goals:

High-resolution
y-ray spectroscopy

Laser-polarized atoms/ions

Nuclear-spin orientation
Neutron spectroscopy

via time-of-flight 45° Nuclear-spin relaxation

Flexible Magnetic
detector fields
i Radiation
Coincidences: anisotropy
B, Bn, Bny, ... P
t

Advanced DAQ parameter
(online control +

trigger-free AQ)

Funded by the European Union - g

» Deliver results from the ISOLDE’s 1°t decay spectroscopy on laser-polarized beams

» Plan setup upgrades and « design the next experiment with spin-oriented exotic nuclei

M. Piersa-Sitkowska, M. Madurga, M. Kowalska et al., Tech. rep. CERN-INTC-2023-026 , Geneva (2023).
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Theoretical nuclear
physics

in line with NUPECC Long Range Plan 2024 for
European Nuclear Physics.
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Nevutrino oscillations experiments

Flavor Mass
@) Electron Neutrino & m; Neutrinol .y - 0 + @ + Super Kamiokande Near Detector
thectron Neutenn Keutrino) Neutrino? Netring ! 3 e
) - mam i
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Challenge!! =
Neutrino detectors are made of complex nuclei '§
= Qor
Nuclear targets E
=
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Our work: modeling of neutrino-nucleus interaction



Modelling neutrino-nucleus interaction

* We need theoretical models able to describe all possible reaction channels.
* Main channels: quasielastic scattering, two-nucleon knockout, resonance production and deep inelastic scattering.

\@;@ ®@, ° @ |-

“ 22N Energy transfer

Nuclear response

>

Connection between electron and neutrino
scattering allows to scrutiny theoretical models
by a first comparison to electron scattering data.

Implementation of a relativistic distorted wave impulse approximation
model into the NEUT event generator

J. McKean©."" R. Gonzilez-Jiménez T M. Kabimezhad®."* J. M. Udias®."* and Y. Uchida®'
Yimg pevial lege 1on . Departm of Physics, London SW7 2R7, United Kingdom
D partumento de Fivica ; \lum . Mole u[ur Nuclear, Universidad de Sevillu, 41080 Sevilla, Spun
G Frupo de Fisica Nu r, Departamento de E. structura de la Materia. Fisica Térmica v Electre Il(
Facultad de (.‘cmm.\ ll.\um. Universidad Complutense de Madrid and 11 lkL 0S8, CLI Mo
Madrid .’.ﬁ'lrlfl \; 1in

® (Received 21 February 2025; accepted 24 July 2025: published 26 August 2025)

We deseribe the implementation of a model tor charged-current quasiclastic (CCQE) neutrino-nucleus
scattering in the NEUT Monte Carlo cvent generator. This model employs relativistic momentum
distributions ohtained from mcan-ticld theory and relativistic distorted waves to describe the initial and
final nuclcon states. Final state interactions, both clastic and inclastic, are modeled by combining distorted
waves with NEUT's intranuclear cascade, offering a morg
experienced by scattered nucleons. The model and its im,
benchmarked against v,-’C scattering cross section me rom T2K and MINERzA, as well as

¢ representation of the interactions
in NEUT are described in detail and

Our goal: to incorporate the most realistic theoretical models into neutrino event 1,Ae mesrenents from MicrBooNE. The e, inchdin rasv e kit imbalnce varible

generators (NEUT (Kamiokande), nuWRO, ...)

and scattered nucleon kinematics, show improved 7° values compared 10 other CCQE models in NEUT
Furthermore. the model consistently predicts lower cross sections in CCQE-dominated regions, indicating
the potential for further refinement, such as incorporating two-body currents or the use of more advanced
nucleon axial form factors consistent with lattice QCD calculations.

Strong collaboration with Seville and Ghent groups, and the experimentalists Other references:

Participants:

Oscar Moreno, José Manuel Udias,

Tania Franco-Mufoz (defended PhD in UCM in 2025, now in Ghent Group)
Javier Garcia-Marcos (PhD Student of UCM, Sevilla and Ghent Groups)

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.024608 (2024)
https://arxiv.org/abs/2512.01721 (Dec 2025)



https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.024608
https://arxiv.org/abs/2512.01721

Beyond Mean-field calculations on Ge isotopes

T. R. Rodriguez (ancient member of the group, now in Univ. Seville) co-supervising the PhD.
thesis of P. Gonzalez-Tarrio on 8%’Ge beta decay studies.

Ingredients of Beyond Mean-field calculations:

- Hartree-Fock-Bogoliubov (HFB) method (self-consistent mean field approach).

- Ritz’s variational principle+HFB wavefunctions, 84Ge preliminary results

- Broken symmetries (N, Z, J, P,...) added as Lagrange multipliers to preserve mean values. Y [deg]

60

Epnvap [MeV]

H 10.0
r 8.0

r 6.0

Oblate

The Particle Number Variation After Projection (PNVAP) allows to obtain:

20 4.0

— Nuclear deformations, band structures, level lifetimes and level schemes

84Ge calculations by P. Gonzalez-Tarrio s,

Experimental results will be compared to theoretical calculations
(Shell Model from Antoine and K-shell codes and PNVAP Beyond Mean-Field) in this PhD work. '//
/
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Summary

Experimental Nuclear Physics:

- Leading the development and construction of a new detection system at ISOLDE-CERN: HISTARS

- Large impact in our research area thanks to leadership in experimental campaigns on several
international facilities (ISOLDE, RIKEN, ILL, U. Jyvaskyla, INFN LN Legnaro, ...)

- Research on key regions of the nuclear chart ("®Ni and *2Sn)
- Research activity also at National accelerators (CMAM, CNA).
- Attraction of MSCA fellow and a postdoc for HISTARs project.

Theoretical Nuclear Physics:

- Theoretical work on neutrino-nucleus interactions

- Calculations on nuclear properties using state-of-the-art beyond mean field calculations.

IPARCOS



Thanks for your attention




ldeas

: Theory:
Experimental:

HISTARs - Neutrino physics

ISOLDE
- IDS: paper Marcos (128Cd, 128Cd isomero?)
- TAS? papers Kike sobre Selenios -
ILL
Jyvaskyla?
RIKEN -> Nature Gabriel
CMAM - MANY (Odette, Nil papers)

- Tomas-Pablo calculations?
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972: A5/2, Sq12

Pa2: P12 9912

Interest of '32Sn region
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1328n: heaviest doubly-magic nucleus
outside stability

Study of single-particle states

Relevant for stellar nucleosynthesis
(r-process)

126

T.L.Tanget al.,
PRL 124 062502 (2020)

Observed nuclei
m Stable nuclei

®)




