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Testing the Standard Model with the WISArD
Experiment

The objective of the WISArD experiment is to test the existence of new physics in the weak inter-
action sector of the Standard Model of particle physics using beta decay. The goal of the WISArD
experiment is to measure the angular correlation parameter a and the Fierz interference term b in
the decay of 32Ar with a precision of about 0.1%, in order to provide constraints on new physics
that are competitive with the direct searches conducted at very high energies at the LHC. My
poster will describe the physical context in which WISArD takes place, providing explanations
about the experimental setup, simulations, and data analysis.
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Technical progress at the double Penning trap
PIPERADE

The double Penning trap PIPERADE (PIèges de PEnning pour les RAdionucléides à DESIR) [1] for
the DESIR facility has been advancing in its commissioning phase at the LP2i-Bordeaux laboratory.
The traps were designed with the objective of performing high-precision mass measurements and
high-resolution mass purification of strongly contaminated ion beams. The latter will be produced
by the existing SPIRAL1 facility and the S3 spectrometer. In order to push the limits of existing
devices, PIPERADE is equipped with a new type of high-capacity large trap that aims to separate
up to 104 - 105 ions per bunch.
The purified samples will be re-injected in the main DESIR beam line for downstream setups to
perform trap-assisted spectroscopy. Alternatively, the purified samples will be utilized to perform
high-precision mass measurements. In this context, standard ion-beam manipulation techniques
are now being routinely demonstrated, i.e. the sideband buffer gas cooling (BGC) [2] and the
time-of-flight ion-cyclotron-resonance (ToF-ICR) [3], while others are being implemented - phase-
imaging ion-cyclotron-resonance (PI-ICR) [4]. Last year, as part of the implementation process
of PI-ICR, an imaging system consisting of a microchannel-plate detector coupled to an anode
constructed of helical wire delay lines was installed. RoentDek Handels GmbH has developed the
delay-line anode with a specific three-layer geometry (“Hexanode”) [5] to improve the ambiguity
of multi-hit position and time encoding on the detector.
In this contribution, we will present the latest achievement from the BGC technique, the first mass
measurement by using ToF-ICR and finally, the detector installation to allow the position encoding
for future PI-ICR measurements.

[1] P. Ascher et al., Nucl. Instrum. Methods. Phys. Res. A 1019 (2021) 165857
[2] G. Savard, et al., Phys. Lett. A 158 (1991) 247
[3] M. Koenig, et al., Int. J. Mass Spectrom. 31 (1995) 95
[4] S. Eliseev et al., Phys. Rev. Lett. 110 082501 (2013)
[5] O. Jagutzki et al., IEEE Trans. Nuc. Sci. 49 (2002) 5
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RIALTO, the Resonant Ionization Laser Ion Source at
ALTO

RIALTO, the Resonant Ionization Laser Ion Source at the ALTO facility, uses a multi-step laser
excitation process to produce pure ion beams through the resonance ionization technique.
The laser laboratory is equipped with three high-power Nd:YAG operating at 10 kHz and pumping
three dye lasers; these lasers are coupled with BBO doubling units and one tripling unit; this laser
system allows us to achieve two and three-step ionization schemes with a range of 200–850 nm.
Additionally, an atomic beam unit (ABU) is incorporated into the setup to determine optimal oper-
ational parameters for online operation with a radioactive beam. The ABU was used to determine
the optimal operational parameters and laser ionization scheme for producing silver with a 3-step-3
color scheme. The upgraded RIALTO system enables the simultaneous production of two different
element schemes, leading to the successful generation of stable Ga and Ag beams.
Furthermore, this work includes measurements of the laser ionization production of radioactive
Ga and Ag, which are compared with the initial estimations, providing valuable insights.
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Development and commissioning of new Decay
Spectroscopy Station at CRIS with 75Zn

Laser spectroscopy can study many ground-state properties (spin, nuclear electromagnetic mo-
ments, changes in the charge radius) of the nucleus which can challenge state-of-the-art nuclear
models, and enhance our understanding of the nuclear forces. Furthermore, its application at ISOL
facilities can give access to the same properties of long-lived states (>10ms). One major challenge
that laser spectroscopy at ISOL facilities faces is the presence of isobaric contaminants that can in-
crease the background signal significantly. This is most detrimental for low-yield isotopes, making
these isotopes inaccessible. The Decay Spectroscopy Station (DSS) can solve this problem by com-
bining laser and decay spectroscopy in decay-assisted laser spectroscopy, which can tag the isomer
of interest based on its decay. Experimental work on previous designs of the DSS at ISOLDE/CERN
has been performed successfully on neutron-rich potassium (Z=19) [1] and francium (Z=87) [2-4].
\\
Conversely, laser-assisted decay spectroscopy can also be performed with the DSS at CRIS by tag-
ging the isomer of interest based on its ionisation scheme. This is crucial to measure the decay
scheme of isomers with similar half-lives, as conventional methods cannot easily discern between
isomers with similar half-lives. This was successfully performed with a previous design on fran-
cium (Z=87) [3-4]. \\\\
Recently there has been an effort to upgrade the previous design of DSS to include a tape station
and a dedicated beta-detection setup. I will present this new design, the upgrades implemented,
and the upgrades planned for the future. Further, I will present the results from the commissioning
on 75Zn.

REFERENCES

[1] Á. Koszorús et al., Nature Physics 17 (2021) 439-443

[2] K.M. Lynch et al., Physical Review X 4 (2014) 011055

[3] K.M. Lynch et al., Physical Review C 93 (2016) 014319

[4] G.J. Farooq-Smith et al., Physical Review C 94 (2016) 054305
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Molecular laser spectroscopy of RaF at CRIS

In the past few years, the spectroscopy of radioactive molecules has been performed at ISOLDE
(CERN) using the Collinear Resonance Ionization Spectroscopy (CRIS) experiment [1]. Given their
structure and chemical properties, molecules are a promising candidate for studies in different
fields [2] and for extracting elements with low production yields due to their refractory or reactive
properties.
Among them, diatomic polar molecules are at the center of theoretical and experimental inves-
tigations in search of the electron’s electric dipole moment (eEDM) and nuclear Schiff moments
[3-4]. Due to the strong electric field and the rich electronic, vibrational, and rotational structure
inherent in molecules, the sensitivity to Schiff moments and eEDM is expected to be enhanced
in radioactive polar molecules, such as RaF [5]. The sensitivity to these moments depends on
non-measurable molecular constants, making the benchmark of ab initio molecular theory with
experimental observations a crucial step towards eEDM studies.
After three experimental campaigns at CRIS (2018, 2021, 2023), all predicted electronic levels in
RaF have been studied with broadband laser spectroscopy [6] and one optical transition in high
resolution on 223,225,226RaF, yielding sensitivity to magnetic dipole and electric quadrupole in-
teractions, as well as a laser cooling scheme [7-8].
This poster will present the study of eEDM’s on molecules, the basic principles of molecular spec-
troscopy at CRIS, and some results obtained in the last experimental campaign.
[1] Garcia Ruiz, R.F., et al. “Spectroscopy of short-lived radioactive molecules.” Nature 581.7809
(2020): 396-400.
[2] Opportunities for Fundamental Physics Research with Radioactive Molecules, arXiv:2302.02165
(2023)
[3] Kudashov, A. D., et al. “Ab initio study of radium monofluoride (RaF) as a candidate to search
for parity-and time-and-parity–violation effects.” Physical Review A 90.5 (2014): 052513.
[4] Osika, Y., & Shundalau, M. (2022). Fock-space relativistic coupled cluster study on the RaF
molecule promising for the laser cooling. Spectrochimica Acta Part A: Molecular and Biomolecu-
lar Spectroscopy, 264, 120274.
[5] Flambaum, V. V., and V. A. Dzuba. “Electric dipole moments of atoms and molecules produced
by enhanced nuclear Schiff moments.” Physical Review A 101.4 (2020): 042504.
[6] M. Athanasakis-Kaklamanakise et al., Pinning down electron correlations in RaF via spec-
troscopy of excited states, submitted (2023)
[7] S.-M. Udrescu, et al., Precision spectroscopy and laser-cooling scheme of a radium-containing
molecule”, Nature Physics (2024) online January 9, https://doi.org/10.1038/s41567-023-02296-w
[8] S. G. Wilkins et al., Observation of the distribution of nuclear magnetization in a molecule,
submitted (2023).
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beta-delayed neutron emission and half-lives
measurements with a 4pi neutron detection setup:

BELEN and BRIKEN detectors

β-delayed neutron emissions play a crucial role in various fields, including nuclear technology and
nuclear astrophysics. Our research group boasts extensive expertise in measuring β-delayed one
and two neutron emission probabilities (P1n and P2n values), as well as decay half-lives of exotic
nuclei, utilizing the state-of-the-art BELEN and BRIKEN (Beta delayed neutron measurements at
RIKEN) detectors. This poster showcases our technical proficiency in designing the BELEN and
BRIKEN detectors, highlighting various configurations developed, along with the most noteworthy
results derived from these experiments. Additionally, we introduce innovative designs tailored to
meet the scientific objectives of the DESIR-BESTIOL collaboration.
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An electrostatic trap for high sensitivity, on-line laser
spectroscopy

Collinear laser spectroscopy coupled with optical pumping, within the cooler-buncher, has proved
a highly successful technique at IGISOL-4 (and at the previous IGISOL-3) [1-3] and has facilitated
spectroscopy on manganese, niobium, yttrium and even the doubly charged yttrium ion. The tech-
nique is however critically limited by conditions within the cooler-buncher. The pumping, while
highly efficient and well matched to our pulsed laser system, is subject to the Doppler and pressure
perturbations and collisional relaxation encountered within the gas-filled device. These limitations
have motivated the development of a secondary electrostatic trap, which operates in vacuum, and
resulted in the development of the Manchester ConeTrap.
The ConeTrap, pioneered by Schmidt et al. [4], is a readily constructed, electrostatic device that is
especially suitable for deployment at the IGISOL [5]. The devices have been shown to successfully
contain close to 105 ions for time periods in excess of 100 ms (many times the atomic excitation and
de-excitation lifetimes) and are well matched to the typical ion plumes released from the IGISOL
cooler-buncher (typically 1-10k ions released in an ensemble of less than 10 microsecond duration).
With limited, but critical, modification to the original design a trap suitable for use on the cooler-
buncher platform was constructed and deployed at the IGISOL.
While successfully demonstrating the device was operational, the initial tests showed that only a
physically larger trap with matched injection and extraction ion optics would provide the desired
spectroscopic performance. Such a trap has now been developed on a bespoke testbed (in Manch-
ester) and will shortly be (re-)deployed at the IGISOL. The new design, development, simulation
and commissioning of the device along with future spectroscopic opportunities will be presented.

[1] B. Cheal et al., Phys. Rev. Lett. 102, 222501 (2009)
[2] F. Charlwood et al., Physics Letters B, 690(4), 346-351 (2010)
[3] L. J. Vormawah et al., Phys. Rev. A 97, 042504 (2018)
[4] H. T. Schmidt et al., Nucl. Instr. and Methods B, 173 523-527 (2001), P. Reinhed et al., Nucl.
Instr. and Methods A, 621 83–90 (2010)
[5] S. Kelly et al., Hyperfine Interact. 238, 42 (2017)
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Advances in the beta-decay experimental studies of
the 46Mn β+ decay channel

Core Collapse Supernova (CCSN) explosion is the final process suffer by starts with initial mass
greater than 8 M�. In such processes the 44Ti nucleosynthesis takes place, doing the isotope a good
gamma tracer of Supernovae events, due to its characteristic gamma decay chain. The comparison
between observations and models of the synthetized 44Ti in CCSN gives important constrains to
the models in which reaction networks are used for modelling nucleosynthesis occurring in the
last stages of those stars with thermonuclear reaction rates as its inputs [1,2,3].
One of the candidates to be sensitive to nucleosynthesis of 44Ti in CCSN explosions is the 45V(p,γ)46Cr
reaction. However, reach a direct study of the reaction cited, is a difficult task for the current nu-
clear labs. In this context, the indirect methods as the β-delayed proton emission, is one of the
opportunities to approach narrow isolated resonances which is the case [1,4,5].
In this work we present new advances and results of analysing the 46Mn decay channel as a way
to study the 45V(p,γ)46Cr reaction. The 46Mn was selected among other species in the cocktail
beam delivered by LISE fragment separator at GANIL (Caen, France) in order to study its β decay
and the excited states of his daughter nucleus 46Cr. We present the proton and gamma emission
peaks related to the 46Mn decay and compare them with the work from references [6,7]. Also, we
present a p-γ coincidence study to identify the processes linked to the γ emission. Furthermore,
we obtained the intensities of the γ peaks for the pure beta emitters, 42Ti and 46Cr which were
also detected in this experiment, to corroborate our results.
[1] C. Illiadis, Nuclear Physics of Stars, Wiley-VCH (2007).
[2] A. Heger, C.L. Fryer, S.E. Woosley, N. Langer, and D.H. Hartmann, ApJ 591, 288-300 (2003).
[3] C. Giunti, and K.C. Wook, Fundamentals of Neutrino Physics and Astrophysics, Oxford Uni-
versity Press (2007).
[4] L. Trache, E. Simmons, et. al., AIP Conference Proceedings 1409, 67-70 (2011).
[5] L.-S. The, D.D. Clayton, L. Jin, and B.S. Meyer, ApJ 504, 500-515 (1998).
[6] C. Dossat, N. Adimi, et. al., Nuclear Physics A 792, 18-86 (2007).
[7] J. Giovinazzo, B. Blank, et. al., Eur. Phys. J. A 10, 73-84 (2001).

Acknowledgements: This work is supported by DGAPA-UNAM IG101423 and CONACyT 314857
projects.
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