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Design and characterisation of an antiproton
deceleration beamline for the PUMA experiment

Tuesday, 27 August 2024 16:05 (25 minutes)

We report on the design and characterization of an antiproton deceleration beamline, based on a
pulsed drift tube, for the PUMA experiment at the Antimatter Factory at CERN. The design has
been tailored to high-voltage (100 kV) and ultra-high vacuum (below 10~!° mbar) conditions. A
first operation achieved decelerating antiprotons from an initial energy of 100 keV down to (3898+
3) eV, marking the initial stage in trapping antiprotons for the PUMA experiment. Employing
a high-voltage ramping scheme, the pressure remains below 2 x 107'9 mbar upstream of the
pulsed drift tube for 75% of the cycle time. The beamline reached a transmission of (55 + 3)\% for
antiprotons decelerated to 4keV. The beam is focused on a position sensitive detector to a spot with
horizontal and vertical standard deviations of o},0pi, = (3.0 = 0.1) mm and oyert = (3.8 £ 0.2)
mm, respectively. This spot size is within the acceptance of the PUMA Penning trap.
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Positron Annihilation in the Universe

Monday, 26 August 2024 16:00 (30 minutes)

One of the major tasks of astrophysics is to understand the emission mechanisms of observed
sources and regions in the sky. Only by pinpointing down these mechanisms, it is possible to
derive physical parameters and learn about the evolution of astrophysical objects. Alas, many
observations of high-energy phenomena are ambiguous, requiring more and orthogonal informa-
tion. The nature of several sources, among others accreting X-ray binary systems, core-collapse
and thermonuclear supernovae, cosmic-rays, stellar flares and potentially dark matter, all show
signatures of positron production and annihilation. Utilising this underrated emission mechanism
can shed light on unsolved problems in astrophysics and cosmology.

In this talk, I will show examples of how we can learn from these gamma-ray signatures already
now with ESA’s INTEGRAL observatory, and what might be possible in the context of new gamma-
ray satellite missions, such as the accepted NASA mission COSI.

Primary author: Dr SIEGERT, Thomas (JMU Wiirzburg)
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The Lepton Symmetry Experiment: LSym

Tuesday, 27 August 2024 17:30 (2 hours)

One of the prevailing enigmas in contemporary physics is the observed disparity between the abun-
dance of matter and antimatter in the universe, posing a fundamental challenge to the principles
of the Standard Model of particle physics.

Within the LSym experiment we plan to compare the fundamental properties, specifically the
charge-to-mass ratios and the g-factors, of the electron and the positron in a cryogenic Penning
trap to 14 digits precision and thereby performing a highly sensitive test of matter-antimatter
symmetry in the lepton sector [1]. This precision can be achieved by simultaneously trapping
both the particles in the same trap. Once the positron is cooled to the ground state of motion
in a millikelvin-cooled Penning trap that forms a custom-tailored millimeter-wave cavity, we can
measure the coherent difference of the spin precession frequencies of the matter and antimatter
particles [2].

In the contribution, the experimental setup, techniques and challenges will be presented.
References:

[1] E. Widmann et al., Hyperfine Interact 240, 5 (2019)

[2] Tim Sailer et al., Nature 606, 479-483 (2022)
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The LSym experiment: a CPT symmetry test in the
leptonic sector

Thursday, 29 August 2024 14:25 (25 minutes)

The LSym experiment is a new cryogenic Penning trap experiment currently being designed at
the Max-Planck-Institut fiir Kernphysik of Heidelberg. The goal of LSym is to conduct a stringent
CPT test by comparing the properties of matter and antimatter with unprecedented sensitivity
by trapping simultaneously one electron and one positron in a Penning trap, which allows per-
forming a decoherence-free measurement. This project will present a few challenges, for instance
the optimisation of positron production and accumulation, given a rather weak radioactive 2>Na
source (about 15 MBq).

The positrons from the 37 decay of 2>Na have to be moderated to become trappable. Here, fol-
lowing [1], we utilize a tungsten foil to produce positronium in a high Rydberg state, which can
be field-ionised inside the Penning trap. The trapped positrons are then cooled to the motional
ground state in a deep-cryogenic microwave cavity trap operated at about 300mK. This presenta-
tion illustrates the principles and techniques that will be used at LSym.

[1] S Fogwell Hoogerheide et al. “High efficiency positron accumulation for high-precision mag-
netic moment experiments”. In: Review of Scientific Instruments 86.5 (2015)
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Towards a transportable antiproton reservoir

Tuesday, 27 August 2024 16:30 (25 minutes)

The world’s only source of low-energy antiprotons is currently the AD/ELENA facility located at
CERN. Precision measurements on single antiprotons have been conducted at this facility and pro-
vide stringent tests of fundamental interactions and their symmetries. However, magnetic field
fluctuations from the facility operation limit the precision of upcoming measurements. To over-
come this limitation, we have designed the transportable antiproton trap system BASE-STEP to
relocate antiprotons to laboratories with a calm magnetic environment. We present the techni-
cal design, characterization measurements of the transportable superconducting magnet, and the

current status of the transportable antiproton trap BASE-STEP.
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A new concept of Mu-atniMu conversion search

Tuesday, 27 August 2024 17:30 (2 hours)

The conversion from muonium (Mu, p+e-) to anti-muonium (antiMu, p-e+) is strongly suppressed
in the Standard Model (SM) of particle physics because it violates the conservation of the leptonic
family number. In many theories of SM extension, leptonic family numbers (lepton flavors) are
not conserved and then the Mu-antiMu conversion can become observable level, just below the
current experimental upper limit of 8.3x10°{-11}. Though the search for the Mu-antiMu conversion
is strongly motivated in this way, a new experimental method is required to go beyond the current
limit which is determined by beam-related background.

We propose to search for the Mu-antiMu conversion with a new method; Mu is produced by inject-
ing muon into a muonium production target such as silica aerogel. Converted antiMu is ionized
by laser and p- is transported by electric and magnetic components. Because there is no source of
- in such an experimental setup, background-free search can be conducted. This method needs
an intense pulsed muon beam and a laser system, both of which could be available in MLF J-PARC.
We will present the details of this new Mu-antiMu search concept and the result of the feasibility
study performed in D line, MLF to confirm the background level is low enough.
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J-PARC - future plans, hadron hall

Friday, 30 August 2024 11:30 (30 minutes)

The J-PARC Hadron Experimental Facility was constructed with an aim to explore the origin and
evolution of matter in the universe through the experiments with intense particle beams. Over the
past decade, many results in particle and nuclear physics have been obtained at the present facility.
In order to expand the physics programs to unexplored regions that have never been reached, the
extension project of the Hadron Experimental Facility has been extensively discussed. We will
discuss the physics of the current and the extended Hadron Experimental Facility for solving the
issues in the fields of the strangeness nuclear physics, hadron physics, and flavor physics.
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Cosmic d and He: production mechanisms and latest
constraints from ALICE at the LHC

Tuesday, 27 August 2024 16:05 (25 minutes)

The formation mechanism of light (anti)nuclei in high-energy hadronic collisions remains an open
question in high-energy physics. Their production mechanism is investigated by comparing ex-
perimental data with phenomenological models using statistical hadronization or a coalescence
approach.

In particular, the coalescence mechanism finds an essential application in cosmic antinuclei stud-
ies for indirect dark matter searches with space-based experiments like AMS.

Cosmic d and He are supposed to be produced via coalescence of nucleons stemming from either
dark matter particle interaction or decay, or by interactions of primary cosmic rays with the inter-
stellar matter. Constraining the (anti)nuclei formation mechanism with experiments in controlled
conditions at accelerators is essential to reduce uncertainties on cosmic antinuclei flux estimates.

Thanks to the excellent tracking and particle identification performance, the ALICE experiment
has performed a broad set of precision measurements on (anti)nuclei produced in different colli-
sion systems (pp, p-Pb and Pb-Pb) since the beginning of its operations. Furthermore, the ALICE
apparatus underwent a series of major upgrades to take full advantage of the luminosity increase
of the LHC Run 3. The results of these latest Run 3 d (d) and *He (*He) measurements, the most re-
cent results on the measured formation probability of bound objects as a function of the final-state
charged particle multiplicity in comparison to state-of-the-art models, will be widely discussed.

Primary author: MALFATTORE, Giovanni (University & INFN, Bologna (IT))
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Development of a Pressurized Helium Scintillating
Calorimeter for AntiMatter Identification.

Tuesday, 27 August 2024 14:00 (25 minutes)

The search for low energy anti-nuclei in cosmic rays allows a test of fundamental physics problems
such as the possible presence of primordial antimatter or the nature of Dark Matter.

The “PHeSCAMI”(Pressurized Helium Scintillating Calorimeter for AntiMatter Identification) project
is aiming to study a new signature for the identification of anti-nuclei in cosmic rays.

In particular, anti-protons or anti-deuterons stopping in a medium can produce exotic atoms and
for the particular case of an helium target, the captured antiparticle can orbit the nucleus for mi-
croseconds before the annihilation.

This characteristic delayed annihilation is a very distinctive signature able to identify the antimat-
ter nature of the stopping particle and rejecting the ordinary matter cosmic rays.

A possible configuration for the “PHeSCAMI”detector consists of a pressurized helium scintillat-
ing calorimeter surrounded by plastic scintillator layers for velocity measurement.
Anti-deuterons are identified by combining the spectrometric measurement of the stopping parti-
cle (velocity vs energy) with the delayed emission of outgoing charged pions caused by the anti-
nucleus annihilation.

A first prototype of the pressurized calorimeter, made by 1L stainless steel vessel filled by 200 Bar
Helium acting as a scintillator, has been characterized with cosmic muons and with 70-240 MeV
proton beam in the INFN-TIFPA laboratory. This allows us to prove an energy resolution better
than 10% and a time resolution within 300ps for the scintillating helium calorimeters.

The development and test of an advanced calorimeter prototype, with a volume of 40L, pressure
of 200 Bar and wall grammage within 1.5g/cm”2, based on an automotive COPV (composite over-
wrapped pressure vessel) is ongoing in the INFN-TIFPA laboratory.

The status of the PHeSCAMI project will be summarized and the results of the measured perfor-
mance of the Helium calorimeter prototypes will be shown.

Primary author: NOZZOLI Francesco (Universita degli Studi di Trento and INFN-TIFPA (IT))
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High-Resolution Spectroscopy of Muonic Lithium -
First Steps and Prospects of the QUARTET
Experiment

Thursday, 29 August 2024 15:15 (25 minutes)

Precise measurements of absolute nuclear charge radii are crucial ingredients for QED tests and
are valuable benchmarks for modern nuclear structure theory [1]. Muonic atom spectroscopy is
well known as an ideal method to accurately determine the root-mean-square (RMS) radii of the
nuclear charge density distribution. By measurements of the 2p-1s transitions of muonic atoms,
this technique has already provided precise measurements for the very light (Z<3) as well as heav-
ier nuclei (Z>10) [2]. However, a gap for muonic atoms from lithium to neon remains due to the
inaccessibility of the relevant energy range ("20-200 keV) via laser spectroscopy and the insuffi-
cient resolution of conventional solid-state detectors for precision measurements.

To address this gap, the QUARTET collaboration employs cryogenic metallic magnetic calorime-
ters (MMCs), which combine broad-band spectra with record resolving power, to perform spec-
troscopy of light muonic atoms and to refine the nuclear charge radii of light nuclei from lithium
to neon [3].

In October 2023, QUARTET's first test beam time took place at the Paul Scherrer Institute (PSI),
where the feasibility of this approach has been demonstrated successfully. This contribution
presents the status and plans of the experiment and shows the first broad-band high-resolution
spectra of muonic lithium obtained with an MMC.

References:

[1] Karshenboim, S. G. (2005). Precision physics of simple atoms: QED tests, nuclear structure and
fundamental constants. Physics reports, 422(1-2), 1-63.

[2] Fricke, G., Heilig, K., & Schopper, H. F. (2004). Nuclear charge radii (Vol. 454). Berlin: Springer.
[3] Ohayon, B.; Abeln, A.; Bara, S.; Cocolios, T.; Eizenberg, O.; Fleischmann, A.; Gastaldo, L.;
Godinho, C.; Heines, M.; Hengstler, D.; Hupin, G.; Indelicato, P.; Kirch, K.; Knecht, A.; Kreuzberger,
D.; Machado, J.; Navratil, P.; Paul, N,; Pohl, R.; Unger, D.; Vogiatzi, S.; Schoeler, K.; Wauters, F.
Towards Precision Muonic X-ray Measurements of Charge Radii of Light Nuclei. Physics 2024,
6(1), 206-215
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BASE -towards a 10-fold improved measurement of
the antiproton magnetic moment

Wednesday, 28 August 2024 10:00 (30 minutes)

BASE is a collaboration whose main experiment is located at CERN, with the goal of contributing
to resolving the puzzle of the striking matter-antimatter imbalance and the mystery of the origin
of dark matter. The related experiments are conducted by performing ultra-precise comparisons
of the fundamental properties of single antiprotons and protons trapped in a sophisticated four
Penning-trap system.

The flagship experiments uniquely conducted by the BASE collaboration are the magnetic mo-
ment measurements of single protons and antiprotons. Our last measurements, the most precise
determinations of these constants to date, are at the 300 p.p.t. level for protons (G. Schneider, A.
Mooser, S. Ulmer, et al. Science 358, 1081 (2017)) and at 1.5 p.p.b. for antiprotons (C. Smorra,
S. Ulmer, et al. Nature 550, pages 371-374 (2017)). To improve these limits, we have developed
many new technological innovations and experimental methods, including fast sub-thermal cool-
ing, a superconducting magnetic field compensation system, a new antiproton catching system for
the ELENA era, and an ultra-stable quantum spin-state detection system. Putting all these exper-
imental developments together, we are currently conducting a new proton/antiproton magnetic
moment measurement campaign, with the goal to improve the precision in the determination of
the antiproton magnetic moment by a factor of 5 to 10.

In this talk, I will report on the status of the BASE experiment, focusing on the progress made
towards more precise proton and antiproton magnetic moment measurements. I will discuss the
current experimental limitations and plans for future improvements, that will be based on the first
coherent single-particle nuclear spin-quantum-spectroscopy.

Primary authors: LATACZ, Barbara Maria (CERN; RIKEN, Ulmer Fundamental Symmetries Labo-
ratory, Japan); Prof. ULMER, Stefan (HHU Diisseldorf / RIKEN)
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Towards laser cooling of negative molecular ions

Tuesday, 27 August 2024 17:30 (2 hours)

The AEgIS experiment at CERN’s Antiproton Decelerator aims at measuring the gravitational ac-
celeration g of antihydrogen (H) with high precision [1, 2]. A key limitation in these measurements
is the H temperature: The thermal motion of the H atoms blurs their free-fall trajectories and thus
limits the achievable g precision.

The temperature of antihydrogen, which is formed at AEgIS in a laser-induced charge transfer reac-
tion between positronium and antiprotons (p), is dominated by the temperature of the antiproton
precursors. With the current passive cooling scheme, the achievable p temperature is limited to at
best tens (but to date a few hundred) kelvin.

Sympathetic cooling of antiprotons through thermalization with co-trapped laser-cooled ions would
enable achieving temperatures in the mK range. However, to avoid annihilation, the co-trapped
coolant ions must be negatively charged.

The Borealis project at AEgIS aims at realizing Doppler laser cooling of a negative ion. In par-
ticular, the diatomic molecular C; ion, a well-suited anion species for laser cooling [3], has been
produced, mass-selected and stored in a linear Paul trap [4]. Currently, the capture efficiency of the
trap and the lifetime of trapped C; ions are improved and preparations for preliminary in-beam
spectroscopic studies are underway.

[1] G. Drobychev et al., Proposal for the AEGIS experiment at the CERN antiproton decelerator,
CERN-SPSC-2007-017, SPSC-P-334.

[2] R. Caravita et al., AEgIS/AD-6 annual report 2023, CERN-SPSC-2023-003, SPSC-SR-321.

[3] P. Yzombard et al.,, Laser Cooling of Molecular Anions, Phys. Rev. Lett. 114, 213001 (2015).

[4] A. Hinterberger et al., Trapping of C; in a digital ion trap, J. Phys. B: At. Mol. Opt. Phys. 52,
225003 (2019).
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Hypertriton lifetime

Friday, 30 August 2024 10:00 (30 minutes)

Over the last decade, conflicting values of the hypertriton (3 H) lifetime (7(3 H)) were extracted
from relativistic heavy-ion (RHI) collision experiments, ranging from values compatible with the
free-A lifetime (7))-as expected naively for a very weakly bound A in % H-to lifetimes as short
as T(3H) ~ (0.4-0.7)7a. A similarly large spread of values has been obtained also in earlier
measurements.

Recently, we revisited theoretically this 3 H lifetime puzzle, using 3H and 3He wave functions
computed within the ab initio no-core shell model employing interactions derived from chiral
effective field theory to calculate the two-body decay rate I'(3H — 3He + 7~). To derive
7(3H), we evaluated the inclusive 7~ decay rate I';.- (3 H) by using the measured branching ratio
I'(RH — *He + n~)/I',- (R H) and added the 7° contributions through the AT = 1 rule. We
found significant but opposing contributions to 7(} H) arising from N N admixtures in 3 H and
from 7~ — 3He final-state interaction [1], as well as substantial theoretical uncertainties inher-
ent in the employed nuclear and hypernuclear interaction models [2]. Since 7(3 H) was found to
be strongly correlated with the A separation energy in 3 H (B,), the value of which suffers from
large experimental as well as theoretical uncertainties, we conclude that none of the conflicting
RHI measured lifetime values can be excluded, but rather implies its own constraint on Bj.

[1] A. Pérez-Obiol, D. Gazda, E. Friedman, A. Gal, Revisiting the hypertriton lifetime puzzle, Phys.
Lett. B 811, 135916 (2020)

[2] D. Gazda, A. Pérez-Obiol, E. Friedman, A. Gal, Hypertriton lifetime, Phys. Rev. C 109, 024001
(2024)
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AN N input to neutron stars from hypernuclear data

Tuesday, 27 August 2024 14:25 (25 minutes)

This work is a sequel to our two publications from 2023 (1,2) where

14 experimental 1s and 1p single-particle binding energies of A in
hypernuclei led to a quite well-defined optical potential for the

A-nucleus interaction. The potential contains a traditional

linear density term and a quadratic density term, the latter representing
AN N interaction, within an approach based on a simplest possible
formulation. The present work reports on extending the above analysis to
21 data points input, including also 1d and 1f states in medium-weight
and heavy hypernuclei. The upgraded results agree, within errors, with the
earlier results and could indicate a direction towards solving the so-called
hyperon puzzle in the core of neutron stars (3). We show that a need to
suppress the AN N interaction involving an excess neutron and

a core nucleon can be tested with a forthcoming experiment at JLab.

(1) E. Friedman, A. Gal, Phys. Lett. B 837 (2023) 137669.
(2) E. Friedman, A. Gal, Nucl. Phys. A 1039 (2023) 122725.
(3) D. Gerstung, N. Kaiser, W. Weise, Eur. Phys. J. A 56 (2020) 175.
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Chiral symmetry restoration deduced in precision
spectroscopy of pionic atoms

Tuesday, 27 August 2024 14:50 (25 minutes)

The latest results from the spectroscopy of deeply bound pionic Sn 121 atoms, performed at RIBF,
RIKEN, are reported. The binding energies and widths of the pionic orbitals were determined,
and the pion-nucleus interaction was deduced with unprecedented precision. It was found, after
extensive analysis, that the chiral condensate at nuclear saturation density is reduced by a factor
of 60+-3% (T. Nishi, K. Itahashi et al., Nature Phys. (2023) doi:10.1038/s41567-023-02001-x).

We also discuss the current status of systematic spectroscopy of pionic Sn isotopes and future plans
to deduce the density dependence of the chiral condensate.
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3D Simulation studies of mixed plasma confinement
at AEglS

Tuesday, 27 August 2024 17:30 (2 hours)

3D Simulation studies of mixed plasma confinement at AEgIS

Bharat Singh Rawat 1,2,3, Narender Kumar1,2, Benjamin Riena’cker1,3, Carsten P Welsch1,2,3
and

The AEgIS Collaboration3

1 Department of Physics, University of Liverpool, Liverpool L69 3BX, United Kingdom.
2 The Cockcroft Institute, Daresbury, Warrington, WA44AD,UK.
3 AEgIS Collaboration, CERN, Geneva, Switzerland.

Abstract

The AEgIS (Antimatter Experiment: Gravity, Interferometry and Spectroscopy) project, based at
CERN’s Antiproton Decelerator (AD) facility, has undergone significant enhancements, capitaliz-
ing on the increased quantity of colder antiprotons made available by the new Extra Low Energy
Antiproton Ring (ELENA) decelerator. These improvements aim to create a horizontal pulsed beam
of antihydrogen atoms and enable a direct investigation into the impact of gravity. This experiment
seeks to probe the Weak Equivalence Principle for antimatter.

The AEgIS experiment involves a trap comprising circular electrodes set within both a 5T and a 1T
axial magnetic field. The 5T field serves the purpose of capturing cold antiprotons, while the 1T
field facilitates the production of antihydrogen. In order to maximize the anti-hydrogen formation,
it is crucial to have a detailed understanding of the properties of trapped antiprotons, which can be
achieved by realistic 3D simulation studies in for the dynamics of particle confinement. Previous
studies indicated that antiprotons exhibit greater stability in a shallower potential well. In this
work, we examine the dynamics of antiprotons by varying the outer electrode potentials while
maintaining constant potentials at the inner electrodes of the electrostatic trap, utilizing a Particle-
In-Cell (PIC) solver in CST studio. We extended the studies on the temporal evolution of a mixed
plasma generated with the introduction of electrons inside the trap along with the antiprotons by
observing the effect of their initial properties: initial density, temperature and number of macro-
particles. Additionally, we provide an overview of the results obtained for temperature and profile
evolution for electrons and antiproton using a rotating wall electrode.Finally, we summarize our
plans to develop a full digital twin of the AEgIS experiment over the next two years, providing
valuable insights into the parameters required for optimized experiments.
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Primary author: Mr RAWAT, Bharat Singh (University of Liverpool / Cockcroft Institute)

Co-authors: RIENACKER, Benjamin (University of Liverpool (GB)); KUMAR, Narender (University
of Liverpool, Cockcroft Institute); WELSCH, Carsten Peter (Cockcroft Institute / University of Liver-
pool); ., The AEgIS Collaboration (CERN)

Presenter: Mr RAWAT, Bharat Singh (University of Liverpool / Cockcroft Institute)

Session Classification: Poster

July 17, 2024 Page 16



International C -+ / Report of Contributions High-sensitivity searches for -

Contribution ID: 20 Type: not specified

High-sensitivity searches for matter-antimatter
conversions at the European Spallation Source

Thursday, 29 August 2024 16:05 (25 minutes)

The HIBEAM/NNBAR program is a proposed two-stage experiment at the European Spallation
Source (ESS) to search for baryon number violation [1]. The goal of the program is to produce
new insights into the origins of baryogenesis by performing searches for neutron—antineutron
oscillations, increasing the sensitivity by three orders of magnitude compared with the previously
established limit from the Institut Laue-Langevin (ILL) [2].

The first stage of the program, HIBEAM (High-Intensity Baryon Extraction and Measurement), will
utilize the fundamental physics beamline during the early stages of ESS operation [3]. It represents
the first search for neutron to antineutron oscillations at a spallation source. Already in this stage,
searches with world-leading sensitivity can be conducted. The neutron extraction system for this
project is currently under construction and expected to be installed at the ESS next year.

NNBAR will make use of the Large Beamport in the ESS target station monolith, specifically de-
signed for this experiment. Apart from unprecedented intensities of slow neutrons, the experiment
requires a magnetically shielded beamline, novel neutron reflectors and a state-of-the-art detector
system to reach its sensitivity goal. The annihilation detector needs to be able to identify the multi-
pion final state produced in the annihilation of an antineutron in a carbon target. The Conceptual
Design Report of the experiment has recently been published [4].

A general overview over the HIBEAM/NNBAR program will be given and the current status of
both experiments as well as their beamline and detector designs will be presented.

[1] A. Addazi et al., New high-sensitivity searches for neutrons converting into antineutrons and/or
sterile neutrons at the HIBEAM/NNBAR experiment at the European Spallation Source, J. Phys.

G: Nucl. Part. Phys., 48, 070501 (2021).

[2] M. Baldo-Ceolin et al., A New experimental limit on neutron - anti-neutron oscillations, Z.
Phys. C, 63, 409-416 (1994)

[3] V. Santoro et al., The HIBEAM program: search for neutron oscillations at the ESS, arXiv:2311.08326
[4] V. Santoro et al., HighNESS Conceptual Design Report, arXiv:2309.17333 (Accepted by Journal

of Neutron Physics)
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Muonic Helium Hyperfine Structure Measurements
at J-PARC MUSE

Tuesday, 27 August 2024 12:00 (30 minutes)

Muonic helium is a hydrogen-like atom composed of a helium atom with one of its two electrons
replaced by a negative muon. Its ground-state hyperfine structure (HFS), which results from the
interaction of the negative muon magnetic moment and the remaining electron, is very similar
to muonium HFS but inverted. Precise measurements of the muonium ground-state HFS interval
using a microwave magnetic resonance technique are now in progress at J-PARC by the MuSEUM
collaboration [1]. The same method can be used to precisely determine the muonic helium HFS
and the negative muon magnetic moment and mass. The world’s most intense pulsed negative
muon beam at J-PAR