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Welcome / 28

Welcome word from the CERN Directorate
Author: Frederick Bordry1

1 CERN

Corresponding Author: frederick.bordry@cern.ch

Welcome / 29

Goals of the workshop and the EPIC project
Author: Gerda Neyens1

1 CERN

Corresponding Author: gerda.neyens@cern.ch

LHC Intensity Upgrade (LIU) and its potential for ISOLDE / 5

Feasibility of transferrring 2 GeV beams from the CERN PSB to
ISOLDE
Author: Wolfgang Bartmann1

1 CERN

Corresponding Author: wolfgang.bartmann@cern.ch

This feasibility studies evaluates the possibility of transferring 2 GeV beams to the ISOLDE facility.
Required upgrades of magnets, power converters and beam instrumentation will be shown together
with a preliminary integration study. Expected beam parameters from Linac4 will be given together
with a cost estimate for the beam transfer upgrade.

LHC Intensity Upgrade (LIU) and its potential for ISOLDE / 9

EPIC target production
Author: Sebastian Rothe1

1 CERN

Corresponding Author: sebastian.rothe@cern.ch

The target and ion source unit is the core for radio isotope production at an ISOL facility. A steady
supply of freshly custom made targets has to be maintained throughout the operation period follow-
ing the tight physics schedule.
With the EPIC upgrade of the ISOLDE facility and the potential increase of irradiation points, target
production has to be adapted.
The current target production process will be presented and constraints and implications of oper-
ating an extended facility will be discussed. We will highlight the aspects of target and ion source
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development programme within EPIC, aiming for reliability and longevity improvement as well as
compatibility with increased proton energy and intensity.

LHC Intensity Upgrade (LIU) and its potential for ISOLDE / 6

Upgrading the proton beam energy of ISOLDE from 1.4 to 2 GeV:
the impact on the beam intensities
Author: Joao Pedro Ramos1

Co-authors: Sebastian Rothe 2; Thierry Stora 2; Charlotte Duchemin 3

1 Belgian Nuclear Research Center (BE)
2 CERN
3 CERN EN/STI/RBS

Corresponding Author: joao.pedro.ramos@cern.ch

During the Long Shutdown 2, CERN has connected the LINAC 4 to its accelerator complex and as
well upgraded the PS Booster to be able to cope with the new LINAC proton beam energy (160 MeV),
and acceleration of the protons up to 2.0 GeV (instead of up to 1.4 GeV as it was in the past). However
for the moment, the transfer beam line connecting to ISOLDE (BTY) is not being prepared for 2.0
GeV and ISOLDE will still receive proton energies up to 1.4 GeV. Nonetheless, within the PS Booster
upgrade it is possible that the proton beam maximum intensity available to ISOLDE will also be
upgraded from 2.2 μA to 3 or even 4 μA. In the next long shutdown affecting ISOLDE (LS3 in 2024),
the opportunity arises to upgrade the BTY line so it can deliver 2.0 GeV protons to ISOLDE.

In this talk, the main advantages of upgrading the primary beam of ISOLDE from 1.4 to 2.0 GeV
will be detailed. The estimated yield gains across the nuclear chart, using simulation codes such
as ABRABLA and FLUKA, for UCx, Ta target materials and the neutron converter and a few other
materials will be shown together with particular isotope examples. On the intensity increase subject,
measurements will be presented showing that using a longer proton pulse (increased space between
bunches, STAGISO) instead of the standard pulses (NORMISO) has no influence in the release of
isotopes. This has the advantage of reducing the peak power deposited in ISOLDE targets, possibly
prolonging their lifetime.

LHC Intensity Upgrade (LIU) and its potential for ISOLDE / 30

General Discussion

ISOLDE Storage Ring / 4

A new ISOLDE Storage Ring-ISR
Author: Manfred GrieserNone

Co-authors: Beatriz Jurado ; Erwin Siesling ; Fredrik Wenander ; Klaus Blaum

A new storage ring is proposed for the HIE-ISOLDE facility in CERN. Such a facility will provide a
capability for experiments with stored radioactive beams that are unique in the world. The physics
program varies from investigations of nuclear ground-state properties, reaction studies of astrophys-
ical relevance and systematic studies within the neutrino beam program. In addition to in-ring ex-
periments, ion beams with the properties of an electron cooled ion beam can be slow extracted and
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exploited by external spectrometers for high precision measurements. The technical details of the
proposed ring facility for HIE-ISOLDE are presented.

ISOLDE Storage Ring / 7

New opportunities for in-ring experiments using ISOLDE beams

Author: Yuri Litvinov1

1 GSI, Darmstadt

Corresponding Author: yury.litvinov@cern.ch

Experiments with exotic nuclei stored in a ring have shown a huge discovery potential in the last
decades. Such experiments profit from high revolution frequencies of stored beams which allows
for reaching relatively high luminosities even when using thin gaseous internal targets. Internal gas
targets are windowless and thus the corresponding background contributions do simply not exist.
Electron cooling of stored beams leads to small transversal size and high momentum definition.
Broad experimental programs with stored ions are being pursued at the ESR of GSI, the CSRe of IMP
and R3 of RIKEN. However, these are dedicated machines tuned to store beams with a few hundred
A MeV energies. The quest today is to approach lower, below 10 A MeV, energies, where numer-
ous new physics cases have been proposed. For instance, deceleration of beams in the ESR enabled
studies of proton-induced reactions for the astrophysical p-process. Furthermore, a dedicated low-
energy storage ring CRYRING is being commissioned behind the ESR. However, the lengthy slowing
down process at GSI limits the use of the ESR-CRYRING for investigations of short-lived nuclei.
Therefore the proposal to store HIE-ISOLDE beams in a dedicated storage ring and to perform nu-
clear and atomic physics experiments is extremely attractive. Thiswill be aworldwide unique facility
with an access to stored and cooled short-lived nuclei for in-ring experiments.

ISOLDE Storage Ring / 32

General Discussion

Poster Session / 43

The ISOLDE Solenoidal Spectrometer

Authors: David Sharp1; Liam Gaffney2; The ISS CollaborationNone

1 The University of Manchester
2 CERN

Corresponding Authors: liam.gaffney@cern.ch, david.sharp@manchester.ac.uk

The ISOLDE Solenoidal Spectrometer (ISS) is a new experimental station based on the second HIE-
ISOLDE beam line. Based on the HELIOS concept developed at Argonne National Laboratory (ANL)
[1], the experiment consists of a 4 T former MRI magnet and on-axis silicon detector array for the
detection of light ions. Various ancillary devices are to be used for the coincident detection of recoil
partners from the reaction, such as downstream silicon telescopes or gas-filled ionisation cham-
bers.
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ISSwill exploit thewide range of radioactive ion beams available at ISOLDE providing a new opening
the possibility to study new physics across the nuclear chart. Few-nucleon transfer reactions to in-
vestigate single-particle structure of nuclei are expected to be the workhorse experiments performed
at ISS, while new techniques such as inelastic scattering and transfer-induced fission in inverse kine-
matics are proposed. The bore of the magnet can also be cleared to accept the SpecMAT active target
chamber, on which a poster is also presented in this session.
The first two experiments using the device were performed during the 2018 campaignwith the device
being commissioned in the ISOLDE hall during 2017 and early 2018. For this first exploitation using
(d,p) reactions on <sup>28</sup>Mg [2] and <sup>206</sup>Hg [3] beams, collaborators from ANL
loaned their Si detector array and data acquisition in order to get the first results before CERN’s long
shutdown 2 (LS2). This poster will present the status of commissioning of the bespoke on-axis Si
array and the ionisation chambers for recoils and fission. These advances mean that ISS will be ready
for a full physics programme after LS2 in a number of potential configurations, depending on the
reaction to be studied. This poster will also present the benefits that will be provided by the EPIC
project that could be exploited by ISS in the future, including potential upgrades to ISS itself.

The ISS core collaboration consists of the University of Liverpool, University of Manchester, STFC
Daresbury Laboratory, KU Leuven and has received crucial support during the construction from
Argonne National Laboratory and ISOLDE, CERN.

References
[1] J.C.Lighthall et al., Nuclear Instruments and Methods in Physics Research A622 (2010) 97.
[2] D.K.Sharp et al., CERN-INTC-2016-030
[3] B.P.Kay et al., CERN-INTC-2016-024

Poster Session / 42

Transfer-induced fission in inverse kinematics with solenoidal
spectrometers
Authors: Samuel Alexander Bennett1; Alastair Gavin Smith1; Tobias James Wright1; David Sharp2; Sean John
Freeman1; Katie GarretNone; Benjamin Kay3; Paul DaviesNone; Peter Butler4; Liam Gaffney5; Calem R. Hoffman6;
Robert Page4; Tsz Leung Tang6; Ivan Tolstukhin7; Gemma WilsonNone

1 University of Manchester (GB)
2 The University of Manchester
3 Argonne National Laboratory
4 University of Liverpool (GB)
5 CERN
6 Argonne National Laboratory (US)
7 Indiana University

CorrespondingAuthors: alastair.gavin.smith@cern.ch, katie.garrett@postgrad.manchester.ac.uk, robert.page@cern.ch,
glwilson@lsu.edu, paul.davies@york.ac.uk, sean.freeman@manchester.ac.uk, ivantolstukhin@gmail.com, ttang@anl.gov,
david.sharp@manchester.ac.uk, crhoffman@anl.gov, liam.gaffney@cern.ch, samuel.alexander.bennett@cern.ch, kay@phy.anl.gov,
peter.butler@liverpool.ac.uk, tobias.james.wright@cern.ch

Studying transfer-induced fission in inverse kinematics offers advantages over neutron-induced fis-
sionmeasurements in normal kinematics. Two such advantages include the ability tomeasure fission
barrier heights of fissile nuclei due to the addition of a third body to the system, and the possibil-
ity to study the fission properties of short-lived actinides where fixed targets are not feasible; these
appealing features have been exploited in the past [1-2].

The approach that we are currently investigating is to use the single neutron-adding (d,p) reaction as
a precursor to fission. With a solenoidal spectrometer such as the ISS coupled with a fission fragment
detection array composed of Bragg chambers, measurement of the following parameters should
be possible: fission barrier height, mass and charge yields, and by measuring fission probabilities
as a function of excitation energy, the corresponding neutron-induced fission cross section can be
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deduced. By measuring the angular distribution of the outgoing (d,p) protons, the dependence of
fission probability on spin can also be investigated.

The feasibility for the measurement of the aforementioned quantities has been demonstrated by
means of simulation, the results of which shall be presented. Calculations of transfer-induced fission
rates based on ISOLDE target yields will also be presented to indicate the most viable cases, and
where beam development would be beneficial to the project.

[1] J. A. Northrop, R. H. Stokes, and K. Boyer. Physical Review, 115(5):1277, 1959.
[2] J. E. Escher, J. T. Burke, F. S. Dietrich, N. D. Scielzo, I. J. Thompson, and W. Younes. Reviews of
modern physics, 84(1):353, 2012.

Poster Session / 11

MIRACLS:Anovel approach forCollinear Laser Spectroscopy
Authors: Varvara Lagaki1; Paul FischerNone; Fabian HummerNone; Hanne Heylen2; Simon Lechner3; Simon Mark C
Sels2; Franziska MaierNone; Peter Plattner4; Marco Rosenbusch5; Frank Wienholtz2; Robert Wolf6; Wilfred Nörter-
shäuserNone; Lutz Christian Schweikhard1; Stephan Malbrunot2

1 Ernst Moritz Arndt Universitaet (DE)
2 CERN
3 CERN, TU Wien
4 University of Innsbruck (AT)
5 RIKEN
6 Max-Planck-Gesellschaft (DE)

Corresponding Authors: lutz.christian.schweikhard@cern.ch, simon.lechner@cern.ch, varvara.lagaki@cern.ch,
norbert.robert.wolf@cern.ch, hanne.heylen@cern.ch, frank.wienholtz@cern.ch, peter.plattner@cern.ch, simon.sels@cern.ch,
stephan.ettenauer@cern.ch, marco.rosenbusch@riken.jp

Due to its high accuracy and resolution, collinear laser spectroscopy (CLS) is a powerful tool to
measure nuclear ground state properties such as nuclear spins, electromagnetic moments and mean-
square charge radii of short-lived radionuclides. Performing CLS with fast beams (>30 keV) provides
an excellent spectral resolution approaching the natural linewidth. However, its fluorescence-light
detection limits its successful application to nuclides with yields of more than several 100 to 10,000
ions/s, depending on the specific case and spectroscopic transition.
To extend its reach to the most exotic nuclides with very low production yields far away from sta-
bility, more sensitive methods are needed. For this reason, the novel Multi Ion Reflection Apparatus
for CLS (MIRACLS) is currently under development at ISOLDE/CERN. This setup aims to combine
the high resolution of conventional fluorescence based CLS with a high experimental sensitivity,
enhanced by a factor of 30 to 600. Within MIRACLS, this will be achieved by extending the effective
observation time over a radionuclide’s entire lifetimewhen the rare ions are stored in an Electrostatic
Ion Beam Trap, also called Multi-Reflection Time-of-Flight (MR-ToF) device. A proof-of-principle
apparatus, operating at ˜1.5 keV beam energy, has been assembled at ISOLDE/CERN with the goal of
demonstrating the potential of the MIRACLS concept, to benchmark simulations that are employed
to design a future device operating at 30 keV and to further develop the technique.
This talk will introduce the MIRACLS concept and present the first results with ions of stable mag-
nesium and calcium isotopes which allow the systematic optimization of the MR-ToF operation for
CLS. An outlook towards further developments will be given which includes the design of a “30 keV
MR-ToF device”, a necessity for the high resolution of CLS.

Poster Session / 12

MINIBALL - versatileHPGe array for experimentswith post-accelerated
RIBs at ISOLDE
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Authors: Thorsten Kroell1; for the MINIBALL collaborationNone

1 Technische Universitaet Darmstadt (DE)

Corresponding Author: thorsten.kroell@cern.ch

TheMINIBALL array consists of 24 6-fold segmented, individually encapsulated, HPGe detectors [1].
MINIBALL was one of the first arrays of such size with a fully-digital triggerless DAQ system. It has
been operated very successfully at ISOLDE since the beginning of REX-ISOLDE and is still the main
instrumentation for experiments with post-accelerated radioactive ion beams from HIE-ISOLDE.
For most experiments, in addition highly-segmented Si detectors for particle detection are used, e.g.
the T-REX array [2]. The experimental programme to study the structure of exotic nuclei applies
methods like Coulomb excitation and nucleon transfer reactions. The MINIBALL set-up has been
continuously upgraded and auxiliary devices like a plunger or the conversion electron spectrometer
SPEDE [3] have been added to broaden the experimental opportunities. In this contribution, the
current status will be shown and ongoing updates like a new DAQ, the addition of Anti-Compton
shields or the new T-REX array will be presented.

MINIBALL is supported by funding from Belgium, Finland, Germany, Sweden, United Kingdom and
ISOLDE/CERN.

[1] N. Warr et al., EPJ A 49, 40 (2013)
[2] V. Bildstein et al., EPJ A 48, 85 (2012)
[3] P. Papadakis et al., EPJ A 54, 42 (2018)

Poster Session / 14

The PUMA experiment at CERN/ISOLDE
Author: Frank Wienholtz1

1 CERN

Corresponding Author: frank.wienholtz@cern.ch

Frank Wienholtz for the PUMA Collaboration

The PUMA experiment aims to use antiprotons as a tool for exploring the properties of exotic nuclei
by probing the distribution of the protons and the neutrons on the surface of the nucleus. To be
able to do this, a mobile Penning-trap system must be designed and built which will allow to trans-
port antiprotons from CERNs antiproton decelerator (AD) facility to the ISOLDE experimental hall.
This contribution will detail the general concept of the PUMA experimental setup, it will present
its mayor physics goals and detail the feasibility within the current experimental infrastructure at
ISOLDE.

Poster Session / 15

The SpecMAT active target for transfer reaction studies at HIE-
ISOLDE
Author: Oleksii Poleshchuk1

1 KU Leuven, Institute for Nuclear and radiation Physics

Corresponding Author: oleksii.poleshchuk@kuleuven.be
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The SpecMAT active target will be used for the study of isotopes in the exotic regions of the chart
of nuclide, to investigate the fundamental questions related to the shell structure of nuclei far from
stability via nucleon-transfer reactions in inverse kinematics. The active target will be placed in a
high and homogeneous magnetic field of up to 2.4 T at HIE-ISOLDE (CERN) for reconstruction of the
energy of the recoil particles based on the curvature of their trajectories in the magnetic field. To ex-
tract additional information about the populated low-lying states in the transfer reactions, SpecMAT
will be surrounded by an array of scintillation detectors for gamma-ray spectroscopy.

Currently, simulations indicate that energy resolution of up to 100 keV can be achieved in transfer
reactions in active targets from the energy of the ejected charged particle. In SpecMAT, gamma-ray
energy resolution below 4 % at 662 keV gamma-line in the magnetic field can be achieved using
modern developments and innovative technologies in scintillation detectors. The high detector effi-
ciency, combined with the energy resolution and full kinematic reconstruction, unfold new horizons
on the study of exotic isotopes.

The recent progress in the construction and characterization of the detectorwill be presented.

Poster Session / 16

Search for physics beyond the Standard Model with radioactive
beams
Author: Dinko Atanasov1

Co-authors: Bertram Blank 2; Dalibor Zakoucky 3; Etienne Liénard 4; Gilles QUÉMÉNER 5; Jérôme Giovinazzo
6; Laurent Daudin 7; Mathias Gerbaux 6; Maud Alice Versteegen 7; Nathal Severijns 8; Pauline Ascher 9; Philippe
Alfaurt 7; Simon Vanlangendonck 8; Stéphane Grévy 10; Teresa Kurtukian-Nieto 11; Victoria Isabel Araujo Escalona
8; Xavier David Flechard 12

1 CERN
2 CEN Bordeaux-Gradignan
3 Acad. of Sciences of the Czech Rep. (CZ)
4 LPC-CAEN
5 LPC Caen CNRS/IN2P3
6 CEN-BG
7 Centre National de la Recherche Scientifique (FR)
8 KU Leuven (BE)
9 CENBG
10 IN2P3/CNRS
11 CEN Bordeaux Gradignan
12 Universite de Caen (FR)

CorrespondingAuthors: alfaurt@cenbg.in2p3.fr, ascher@cenbg.in2p3.fr, laurent.daudin@cern.ch, kurtukia@cenbg.in2p3.fr,
grevy@in2p3.fr, xavier.david.flechard@cern.ch, blank@cenbg.in2p3.fr, versteeg@cenbg.in2p3.fr, gerbaux@cenbg.in2p3.fr,
dinko.atanasov@cern.ch, simon.vanlangendonck@kuleuven.be, nathal.severijns@fys.kuleuven.be, v.araujo.escalona@cern.ch,
lienard@lpccaen.in2p3.fr, quemener@lpccaen.in2p3.fr, zakoucky@ujf.cas.cz, giovinaz@cenbg.in2p3.fr

The search for physics beyond the standard electroweak model (SM), despite its remarkable success
at the most elementary level, still continues on three frontiers - high-energy, precision and cosmic.
The reason is the many yet unanswered questions such as the origin of parity violation [1].
Considering the precision frontier, experiments with radioactive nuclei offer large variety of nuclear
states with optimal sensitivity to study the beta-neutrino angular correlation coefficient (aβν ) that
are still competitive to today’s high-energy and cosmic experiments. In particular, studies performed
in pure transitions, Fermi or Gamow-Teller provide a direct probe to the presence of scalar or tensor
currents, respectively. Measurements of this kind have been performed in various nuclear systems
in the past [2], with 32Ar being one of the most precisely known to date.
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The experimentWISArD (Weak Interaction Studies with 32Ar Decay) [3] is currently being prepared
at ISOLDE/CERN, and will focus on determining aβν through beta-proton coincidence measure-
ments. The ground state in 32Ar beta decays via the super-allowed Fermi transition to the isobaric
analogue state in 32Cl which subsequently decays by proton emission. Measured kinematic shift of
emitted protons reflects the energy spectrum of the recoiling nuclei after the previous beta-decay
which depends on the character of the weak interaction. To enhance the measurement sensitivity
emitted particles will be guided by a strong magnetic field. In this contribution the layout of the
setup will be presented as well as preliminary results from a proof-of-principle campaign performed
in the fall of 2018. Furthermore, a discussion about the
potential precision at reach applying this technique will be given.

[1] M. Gonz\’{a}lez-Alonso, O. Naviliat-Cuncic, N. Severijns, Prog. Part. Nucl. Phys 104, (2019) 165.
[2] E. G. Adelberger, {\it et al.}, Phys. Rev. Lett. 83, (1999) 1299.
[3] B. Blank, {\it et al.}, CERN-INTC-2016 (2016).

Poster Session / 17

Target developments at KU Leuven
Author: Simon Thomas Stegemann1

Co-authors: Thomas Elias Cocolios 1; Matteo Griseri 2; Konstantza Lambrinou 3; Jozef Vleugels 4

1 KU Leuven - IKS
2 SCK•CEN; KU Leuven
3 SCK•CEN
4 KU Leuven - MTM

CorrespondingAuthors: simon.stegemann@kuleuven.be, jozef.vleugels@kuleuven.be, konstantza.lambrinou@sckcen.be,
matteo.griseri@kuleuven.be, thomas.elias.cocolios@cern.ch

The Isotope Separation On-Line (ISOL) method is a powerful technique to produce radioactive ion
beams (RIB), and thus, is an essential tool when studying the properties of atomic nuclei far away
from the valley of stability. The ISOL method gives, in principle, access to a large number of the
known (radio-)isotopes of the chart of nuclides, with relatively large intensity and purity. Key com-
ponent of an on-line isotope separator is the target-ion source unit, which, depending on the RIB of
interest, requires thoughtful optimization in view of target microstructural properties, radiochem-
istry and high temperature chemistry. In that regard, the choice of the target material and its pro-
cessing routes is of utmost importance, since the release from the target matrix is often considered as
one of the major bottlenecks in RIB production. Generally, small target grain sizes, high open poros-
ity and high temperatures are favorable for increased release efficiencies. However, due to the high
temperatures during target operation, issues such as grain growth and densification (pore shrink-
age) need to be considered, and more importantly, avoided when developing new target materials.
Therefore, a new research line was launched at KU Leuven (Belgium), focusing on new target devel-
opments and isotope purification systems based on laser ionization, which are to be implemented
at ISOLDE, MEDICIS, and in the future at ISOL@MYRRHA. This contribution aims to present the
target developments that are currently carried out in collaboration of the Institute of Nuclear and
Radiation Physics (IKS) and the Department of Materials Engineering at KU Leuven. In detail, this
comprises powder metallurgical routes for TaC and TiC target materials towards the production of
149,152,155Tb and 44,47Sc, respectively. Different processing routes are discussed, regarding their ca-
pability of yielding porous targets that present a stable microstructure during operation, i.e. limited
or no densification. Furthermore, in 2018 a new test bench to measure release fractions was devel-
oped at MEDICIS, allowing to study, off-line, release characteristics of new targets. This is very
useful, as from such measurements on-line release efficiencies can be estimated and target proper-
ties, such as diffusion coefficients, may be studied. In that regard, the fractional release of 11C was
measured from a porous boron nitride (BN) target, developed at IKS for the production of intense
11C beams. The authors would like to acknowledge the strong support from the teams at ISOLDE,
MEDICIS and SCK•CEN concerning the characterization and testing of those materials.
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Towards a beta spectrum shape measurement at WISArD
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Co-authors: Bertram Blank 2; Dalibor Zakoucky 3; Dinko Atanasov 4; Etienne Lienard 5; Gilles QUÉMÉNER 6;
Jerome Giovinazzo 7; Laurent Daudin 7; Leendert Hayen ; Lennert De Keukeleere ; Mathias Gerbaux ; Mathieu
ROCHE ; Maud Alice Versteegen 7; Nathal Severijns 1; Pauline Ascher 8; Philippe Alfaurt 7; Stéphane GREVY ;
Teresa Kurtukian-Nieto 9; Victoria Isabel Araujo Escalona 1; Xavier David Flechard 5

1 KU Leuven (BE)
2 CEN Bordeaux-Gradignan
3 Acad. of Sciences of the Czech Rep. (CZ)
4 CERN
5 Universite de Caen (FR)
6 LPC Caen CNRS/IN2P3
7 Centre National de la Recherche Scientifique (FR)
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9 CEN Bordeaux Gradignan

CorrespondingAuthors: xavier.david.flechard@cern.ch, laurent.daudin@cern.ch, mathias.gerbaux@cern.ch, kur-
tukia@cenbg.in2p3.fr, etienne.lienard@cern.ch, simon.vanlangendonck@kuleuven.be, ascher@cenbg.in2p3.fr, blank@cenbg.in2p3.fr,
lennert.dekeukeleere@kuleuven.be, alfaurt@cenbg.in2p3.fr, quemener@lpccaen.in2p3.fr, nathal.severijns@fys.kuleuven.be,
v.araujo.escalona@cern.ch, zakoucky@ujf.cas.cz, dinko.atanasov@cern.ch, versteeg@cenbg.in2p3.fr, jerome.giovinazzo@cern.ch,
leendert.hayen@gmail.com

There are indications that the measured number of antineutrinos emerging from reactor fission frag-
ments inside a reactor is lower than theoretically predicted. Moreover, there is an additional anomaly
in the energy spectrum of the antineutrinos. These observations are the reactor neutrino anomaly.
One of the uncertainties in the theoretical description is the QCD influence on the β-decay of which
the weak-magnetism term is the major contribution. Its value is unknown experimentally in the
mass range of the reactor fission fragments. [1] A direct measurement is possible with the beta en-
ergy spectrum and would be the first of its kind in this mass range. In addition, the performed fit can
include the Fierz interference term to probe beyond standard model (BSM) physics, i.e. weak tensor
or scalar currents. BSM experiments aim for a precision close to 10ˆ(-3) and, thus, complementarity
to high energy experiments, e.g. LHC, within an effective field theory. [2]
Spectrum shapes were measured extensively in the past but only recently attracted renewed inter-
est. The main sources of systematic uncertainties are energy losses in the source (foils), the detector
dead layer and the rather high backscattering probability for electrons. Using the progress in Monte
Carlo simulation (e.g. Geant4) over the last couple of years it is possible to improve on previous
results. [2]
During the long shutdown at CERN we will adapt the existing WISArD set-up at CERN with the
objective to measure the beta-spectrum shape of (_ ˆ114)In, a pure Gamow-Teller decay. With two
energy detectors along a high magnetic field the set-up has a full solid angle. Moreover, backscat-
tered particles are not lost but spiral towards the other detector. Using Geant4 a feasibility study is
completed and first data taking is planned in short notice thus preliminary results might be shown.
[1] A. C. Hayes and P. Vogel. Reactor neutrino spectra. Annual Review of Nuclear and Particle Sci-
ence, 66(1):219–244, 2016.
[2] M. González-Alonso, O. Naviliat-Cuncic, N. Severijns. New physics searches in nuclear and neu-
tron β decay. Progress in Particle and Nuclear Physics, 104:165-223, 2019.

Poster Session / 20

Development of a fast and highly selective ISOLDE MR-ToF de-
vice
Authors: Markus Vilen1; Frank Wienholtz1; Gerda Neyens1; Lutz Christian Schweikhard2; Stephan Malbrunot1
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gerda.neyens@cern.ch, frank.wienholtz@cern.ch

As experimental methods for fundamental science and applications at radioactive ion beam (RIB)
facilities are expanding our scientific horizon, their demands on the quality of the RIB perpetually
increase. In this regard, (isobaric) contaminants in the RIB have long been identified as a major
obstacle. Indeed, when probing nuclides towards the limits of nuclear existence, an overwhelming
amount of contaminants commonly prevents the study of the most exotic nuclides available at today’
s (low energy branches of) RIB facilities. Similarly closer to stability, applications such as medical
isotope production or solid state physics suffer from sizeable contamination levels.

Multi-Reflection Time-of-Flight (MR-ToF) devices such as the one operated very successfully by
ISOLTRAP [1] at ISOLDE have over the last few years gained enormously in importance at RIB
facilities for mass measurements as well as mass separation. This is due to their superb performance
in terms of mass resolving power R=M/∆M > 105 attainable in a few ms [2]. Naturally, such an MR-
ToF device would be of great benefit for the entire ISOLDE community in order to provide purified
beams of exotic nuclides to experimenters.
For this reason, a project to develop such a general purpose ISOLDE MR-ToF instrument has now
been initiated at ISOLDE and proceeds in close collaboration with the construction of the Multi
Reflection Ion Apparatus for Collinear Laser Spectroscopy (MIRACLS) [3]. The novel aspect of the
ISOLDE MR-ToF device will be its unprecedented ion-beam energy of 30 keV compared to a few keV
in today’s instruments. Combined with advanced beam-preparation methods, this opens a path to a
higher, mass separated ion flux. In this regard conventional, slowerMR-ToF setups suffer from space-
charge effects which compromise the superb mass resolving power when too many ions are stored
in the trap simultaneously. In the ISOLDE MR-ToF device these space-charge effects are outwitted
by keeping the number of ions trapped at a time below this limit but processing the mass separation
significantly faster.

This poster contribution will introduce the project of the ISOLDE MR-ToF device and explain its
status, challenges and potentials.

[1] R. N. Wolf et al., Int. J. Mass Spectrom. 349-350, 123-133 (2013)
F. Wienholtz et al., Nature 498, 346-349 (2013)
[2] F. Wienholtz et al., Physica Scripta 2015(T166), 014,068 (2015)
T. Dickel et al., Int. J. Mass Spectrom. 412, 1 (2017)
[3] S. Sels et al., Nucl. Instr. Meth. Phys. Res. B, in press (2019)
F. Maier et al., Hyperfine Interact. 240, 54 (2019)
S. Lechner et al., Hyperfine Interact 240, 95 (2019)
see also poster by V. Lagaki

Poster Session / 24

TheHIE-ISOLDE Superconducting Recoil Separator (HISRS)
Author: Ismael Martel Bravo1

1 University of Huelva (ES)

Corresponding Author: ismael.martel.bravo@cern.ch

TITLE: The HIE-ISOLDE Superconducting Recoil Separator (HISRS)
I. Martel(1,\), J.L. Aguado(1), M. Assie(2), M.A.M. Al-Aqeel(3,21), R. Berjillos(4), C. Bontoiu(3), M. J. G.
Borge(5), L. Bottura(6), W. Catford(7), J. Cederkall(8), T. Davinson(9), G. De Angelis(10), T. Ekelof(11),
A.P. Foussat(6), L. Gaffney(3), E. Galanis(12), C. García-Ramos (1), H. Glass(12), K. Johnston(6), T. Jun-
quera(13), O. Kochebina(13), T. Kurtukian-Nieto(14), M. Losasso(6), A. Laird(15), J. L. Muñoz(16), G.
Neyens(6), R. D. Page(3), J.A. Rodriguez(6), J. Resta-López(18), K. Riisager(17), V. Rodin (18), A.M.
Sánchez-Benítez(1), J. Sánchez-Segovia(1), B. Shepherd(18), E. Siesling(6), N. Singh(19), J. Smallcombe(3),
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1. Univ. Huelva, Spain.
2. IPNO, Univ. Paris-Sud, Orsay, France.
3. Univ. Liverpool, United Kingdom.
4. TTI Norte, Santander, Spain.
5. IEM-CSIC, Madrid, Spain.
6. CERN, Geneva, Switzerland.
7. Univ. Surrey, United Kingdom.
8. Univ. Lund, Sweden.
9. Univ. Edinburgh, United Kingdom.
10. LNL-INFN Legnaro, Italy.
11. Univ. Uppsala, Sweden.
12. PARAGRAF, Somersham, United Kingdom.
13. ACS, Orsay, France.
14. CENGB, Gradignan, France.
15. Univ. York, United Kingdom.
16. ESS-BILBAO, Bilbao, Spain.
17. Univ. Aarhus, Denmark.
18. Cockcroft Institute, Daresbury, United Kingdom.
19. Univ. West Scotland, United Kingdom.
20. Univ. Jyvaskyla, Finland.
21. IMIS Univ., Riyadh, Saudi Arabia.
(\) Presenter
Abstract
The HIE-ISOLDE facility at CERN (Geneva, Switzerland) [1] produces a large variety of radioactive
beams from 6He to 232Ra at 0.45-10 MeV/u. This energy range is ideal to study nuclear structure,
low-energy dynamics and astrophysics by using nucleon transfer, Coulomb excitation and deep in-
elastic reactions. An important experimental problem is the separation of the primary beam from
beam-like reaction fragments produced in heavy ion reactions. To meet the physics program needs,
a high-resolution recoil separator based on a compact superconducting mini-ring storage system has
been proposed.
A proof-of-concept preliminary design features a Φ= 1.5 m diameter ring built up of multifunction SC
magnets of ẟ = 25 cm length (MFSCM) in a Fixed-Field Alternating-Gradient (FFAG) configuration
[2]. The MFSCMs should be able to withstand magnetic fields as high as 6 T. The reaction fragments
circulate typically for � = 10 μs being differentiated by their cyclotron frequency. After extraction
the ions are identified and quantified in a focal plane detector by Time-of Flight (ToF) and Digital
Pulse Shape Analysis (DPSA) techniques [3].
TheWhite-Book of the HISRS facility addressing the most important physics cases and the technical
requirements, is presently in preparation.
[1] Y. Kadi et al., Jour. of Phys: Conf. Ser. 312 (211) 052010.
[2] C. Bontoiu et al., IPAC-2015, doi:10.18429/JACoW-IPAC2015-WEPMN051.
[3] I. Martel et al., “The Isolde Superconducting Recoil Separator (ISRS)”. 84th ISOLDE Collaboration
Committeemeeting.CERN (Geneva, Switzerland), March 19, 2019. https://indico.cern.ch/event/801266/

Poster Session / 26

Double target front-ends: an inexpensive alternative to additional
front-ends
Authors: Miguel Luis Lozano Benito1; Jose Alberto Rodriguez1; Simon Mataguez1; Erwin Siesling1

Co-authors: Karl Johnston 1; Sebastian Rothe 1; Charlotte Duchemin 2; Niels Killian Noal Bidault 3

1 CERN
2 CERN EN/STI/RBS
3 CERN, INFN & Sapienza University of Rome

Corresponding Authors: erwin.siesling@cern.ch, simon.mataguez@cern.ch, miguel.luis.lozano.benito@cern.ch,
alberto.rodriguez@cern.ch
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One of the core components of the EPIC project is the installation of two additional target stations
following the existing GPS and HRS ones. Protons from the PS Booster (PSB) could be shared among
two or more of these four target stations producing several Radioactive Ion Beams (RIBs) that could
be delivered to different experimental stations in parallel. However, the effective proton current
in each of the targets would be reduced and therefore, the production of the RIBs would also be
limited. Alternatively, two targets could be installed in series a single front-end profiting from the
full proton current simultaneously. In addition to a significant cost reduction in civil engineering
and ancillary equipment, the overall RIB production would increase significantly. In this contribu-
tion, initial considerations on this target configuration will be presented and the advantages and
disadvantages compared to the separated four targets alternative will be discussed.

Poster Session / 44

An alternative layout proposal for ISOLDE Target Area
Author: Stefano Marzari1

Co-authors: Richard Catherall 1; Sebastian Rothe 1

1 CERN

This is an alternative conceptual design of a target area layout of ISOLDE. This concept will require
shielding consolidation and a different approach to operational scenarios. In a first approach, this
design focuses on the handling and maintenance aspects for future upgrades in the target area. The
increase of radiation levels due to higher proton beam current and energy after LS3 will complicate
personnel access into the target area. This concept also has the advantage of having a minor impact
on the actual beam line distribution. The increase of available areas on the two new floors (2x700
m2) offers many opportunities for future evolution such as a radioactive off-line mass separator,
an additional Class A laboratory, radioactive storage and repair areas. This solution also has the
advantage of respecting the minimal allowed distance (10m for a visible building) from the French
border.

Needs and benefits of 2 GeV high intensity protons for ISOLDE / 8

New beam dumps for ISOLDE: status and perspectives
Author: Marco Calviani1

Co-authors: Richard Catherall 1; Joachim Vollaire 1; Antonio Perillo Marcone 1

1 CERN

Corresponding Authors: antonio.perillo-marcone@cern.ch, joachim.vollaire@cern.ch, marco.calviani@cern.ch,
richard.catherall@cern.ch

The contribution will detail the challenges and perspectives for the upgrade of the ISOLDE GPS
and HRS beam dumps. Ideas and feasibility on the design of the new devices as well as the works
required for the exchange of the assemblies will be given, together with a roadmap towards the
implementation of the required activities during LS3.

Needs and benefits of 2 GeV high intensity protons for ISOLDE / 13

Extending the irradiation capabilities in the ISOLDE target area:
Possibilities and Benefits
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Author: Joachim Vollaire1

Co-authors: Richard Catherall 1; Vasilis Vlachoudis 1; Joao Pedro Canhoto Espadanal ; Marco Calviani 1

1 CERN

CorrespondingAuthors: marco.calviani@cern.ch, joao.espadanal@cern.ch, richard.catherall@cern.ch, vasilis.vlachoudis@cern.ch,
joachim.vollaire@cern.ch

The LHC Injector Upgrade (LIU) will increase the reliability and the performance of the LHC beams
required for reaching the goals of HL-LHC. For ISOLDE, the higher beam intensity with the new
Linac4 as injector and the increase of the PS Booster energy open new perspectives in terms of
beam usage. In particular, an upgrade of the target area and the construction of new target stations
could be a unique opportunity to foresee an infrastructure adapted to material irradiations in parallel
to ISOLDE operation. Parasitic or dedicated irradiations have occasionally been performed in the
past to serve mainly the needs of target developments. Considering that only a small fraction of the
proton beam interacts with the target material and that the interactions result in the production of
secondary particles with a higher emission probability in the forward direction, there is a substantial
benefit in order to maximize the beam usage to exploit the area between the target and the beam
dump for irradiations in parallel to ISOLDE operation. The presentation summarizes how irradiation
possibilities have been exploited in the past at ISOLDE and outlines the technical and operational
limitations observed. FLUKA calculations of the radiation field in the areas of interest are presented
in order to allow the assessment of the ISOLDE performances as an irradiation facility. In addition,
an overview of the strengths of ISOLDEwith the presence of the Class A laboratory, remote handling
capabilities as well as a shielded hot cell to address the radiation protection challenges associated
to irradiation experiment are outlined. Finally, some ideas to enhance and generalize the material
irradiation possibilities with the objective of addressing the needs of a community wider than the
one of target experts are presented.

Needs and benefits of 2 GeV high intensity protons for ISOLDE / 21

Isotope production in the beam dumps: Present and future op-
tions
Author: Thierry Stora1

1 cern

Corresponding Author: thierry.stora@cern.ch

The MEDICIS project was launched in 2013 with the construction of dedicated laboratories in the
class A work sector of ISOLDE, with an irradiation station located in the HRS beam dump combined
with a Rail Conveyor System, with an irradiated target storage area and with an isotope mass sep-
arator [1]. The facility was commissioned in 2017 and started operation in 2018. Last year allowed
the new facility to gain operational experience and showed a smooth coordination with the devel-
opment of the ISOLDE physics program, while 2019 has been focused on operation with isotopes
received from external institutes before dispatch to the collaboration.
The present-day configuration of the target irradiation stations allows to “reuse”about half of the
1.4 GeV protons delivered by the PSBooster to ISOLDE, which would otherwise be lost in the beam
dumps. It is used for the isotope medical program approved by the MEDICIS collaboration, and
for target irradiation either for beam development techniques or for the so-called “ISOLDE winter
physics program”[2].
In the presentation, we will introduce the characteristics of the present target irradiation station and
of its mode of operation. We will also show on how this program can be further developed along
with different options under consideration in the EPIC project as introduced during this workshop
[3].

[1] dos Santos Augusto, Ricardo, et al. Applied Sciences 4.2, 265-281 (2014)
[2] Webster, Ben, et al., Scientific Reports, 9, 10884 (2019)
[3] https://indico.cern.ch/event/838820/overview
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Needs and benefits of 2 GeV high intensity protons for ISOLDE / 31

General Discussion

1

Photo - Data protection information

If you choose to be on the ISOLDE-EPIC Workshop group photograph it will be assumed that you
give your permission for the photograph to be published on the ISOLDE website and on other out-
reach platforms.

HIE-ISOLDE accelerator / 25

Initial considerations on a room temperature upgrade of the REX
linac
Author: Jose Alberto Rodriguez1

1 CERN

Corresponding Author: alberto.rodriguez@cern.ch

Phase 2B of the HIE-ISOLDE project was completed in July 2018 after the last of four high-beta cry-
omodules was installed and commissioned. Phase 3 of the project called for the replacement of four
of the REX normal conducting structures by two low-beta cryomodules. However, this phase of the
project has not been approved and it is on hold for the moment. In this contribution, initial consider-
ations on a possible room temperature upgrade of the REX linac will be presented and the advantages
and disadvantages compared to the superconducting alternative will be discussed.

HIE-ISOLDE accelerator / 27

Beam characteristics for reaction experiments
Author: Joakim Cederkall1

1 Lund University (SE)

Corresponding Author: joakim.cederkall@cern.ch

In this presentation a summary will be presented of typical beam characteristics needed for experi-
ments using spectrometers and mass separators for reaction studies at HIE-ISOLDE. Focus will be on
time-of-flight spectrometers with an introduction to the techniques currently used, and the require-
ments these methods put on temporal beam structure and energy spread. Some physics cases will
also be introduced to show how the physics reach of the facility will be increased by the introduction
of this kind of instrumentation.

HIE-ISOLDE accelerator / 33
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General Discussion

New physics with an upgraded ISOLDE facility / 10

NewPhysicsOpportunitieswithHIE-ISOLDEbeams froma2GeV
upgrade
Author: Liam Gaffney1

1 CERN

Corresponding Author: liam.gaffney@cern.ch

The EPIC upgrade at ISOLDE will bring with it a whole new range of opportunities for physics
with post-accelerated beams. The advantage for HIE-ISOLDE will be two-fold, an increase in the
primary yield of the most exotic beams from the 2 GeV upgrade and the reduction in setup time
required afforded by freeing the central beam line. This will allow for the maximum use of available
beam time; coupled with higher beam intensities delivered to the experimental stations the upgrade
will enable measurements of the weakest cross-section reactions or isotopes further from stability.
Furthermore, some species with large isobaric contamination or low ionisation/extraction efficiency
will be in reach due to the complementary upgrades of the ISOLDE front ends.

Currently, calibrations and detector commissioning using stable, noble gas beams from the residual
gas of REX-TRAP are routinely performed at all three of HIE-ISOLDE’s experimental stations. The
addition of a dedicated ion source or independent feeding of the linac from one of the new target
stations could also bring opportunities for physics with stable or long-lived isotopes. This takes
advantage of HIE-ISOLDE’s unique capabilities in delivering low-intensity beams at energies around
the Coulomb barrier across the entire mass range, thanks to the electron beam ion source (EBIS) and
state of the art diagnostics.

This talk will describe the different HIE-ISOLDE experimental stations and selected physics cases
from each. New opportunities will be highlighted and discussed in terms of the physics impact and
current experimental limitations.

New physics with an upgraded ISOLDE facility / 22

Nuclear ground-state properties: new opportunities for nuclear
physics and precision tests of fundamental interactions
Author: Magdalena Kowalska1

1 Universite de Geneve (CH)

Corresponding Author: kowalska@cern.ch

The studies of ground-state properties of short-lived nuclei –masses, spins and parities, charge radii,
electromagnetic moments and radioactive decay –have been ISOLDE’s strength since a long time.
This is thanks to the large choice in beams, their very good quality and high intensity, but also
because many of the most precise techniques needed for these investigations have been initiated
and/or mastered at ISOLDE. To these belong Penning traps, collinear (resonance) laser spectroscopy,
or laser-induced nuclear spin- polarisation and beta-detected NMR, and high-precision nuclear de-
cay spectroscopy.
The upgrades included in the EPIC project will allow to strengthen the leading role that ISOLDE
plays in the above studies. This concerns higher production rates, parallel beam delivery, or the
addition of a storage ring.
In this contribution I will give a general overview how the EPIC project can profit studies of nuclear
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ground-state properties. I will then illustrate it with selected examples across the techniques and
the physics cases, both in nuclear physics and in precision tests of nuclear decay aiming at tests
of the Standard model, such as the unitarity of the CKM-matrix or the appearance of new interac-
tions.

New physics with an upgraded ISOLDE facility / 23

Opportunities for New Physics searches using exotic molecules
and atoms at EPIC-ISOLDE

Author: Ronald Fernando Garcia Ruiz1

1 CERN

Corresponding Author: ronald.fernando.garcia.ruiz@cern.ch

In atoms and molecules, electron-nucleon and nucleon-nucleon interactions are sensitive to the elec-
tromagnetic, weak and strong forces. Hence, these systems can provide versatile laboratories for
precision studies of fundamental symmetries and the searches for New Physics beyond the Standard
Model of particle physics.

Until now, symmetry-violating measurements have been performed in only a few stable systems,
putting constraints on physics at the TeV scale. Atomic parity violation experiments, for example,
constitute our best low-energy test of the Standard Model, and measurements of stable molecules
have provided the most stringent constraint to the electron Electric Dipole Moment (eEDM) to
date.

This contribution will present a brief summary of different experimental efforts that are being pur-
sued worldwide for the study of fundamental physics with atomic and molecular spectroscopy. The
discussion will be focused on the new opportunities that can be explored at EPIC-ISOLDE using ra-
dioactive atoms and molecules. The exotic systems can contain heavy and deformed nuclei offering
enhanced and, in some cases, unique sensitivity to explore symmetry-violation nuclear effects in ad-
dition to the possible existence of new fundamental particles and forces. Future precision studies of
these systems at radioactive beam facilities could provide new opportunities in fundamental physics
research, offering complementary probes to ongoing studies at high-energy colliders.

New physics with an upgraded ISOLDE facility / 34

Summary and aim of the working groups

Parallel working group meetings to define strategies / 37

Applied/medical/radiation stations related physics and develop-
ments

Corresponding Author: karl.johnston@cern.ch

Parallel working group meetings to define strategies / 35
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New opportunities with accelerated beams

Corresponding Authors: liam.gaffney@cern.ch, peter.butler@liverpool.ac.uk

Parallel working group meetings to define strategies / 36

New opportunities using low-energy beams

Corresponding Author: kowalska@cern.ch

Parallel working group meetings to define strategies / 39

ISRS working group

Corresponding Author: ismael.martel.bravo@cern.ch

Parallel working group meetings to define strategies / 38

Technical working group (design, layout, pre-studies,⋯)
Author: Joachim Vollaire1

1 CERN

Corresponding Author: joachim.vollaire@cern.ch

Parallel working group meetings to define strategies / 40

Report back from parallel sessions

Corresponding Author: karsten.riisager@cern.ch

3

Concluding remarks

41

Concluding remarks
Author: Karsten Riisager1
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Poster Session / 19

The new set up at SSP ISOLDE CERN
Author: Sergey K Dedushenko1

Co-author: Mossbauer Collaboration SSP ISOLDE CERN

1 Moscow Institute of Physics and Technology State University (RU

Corresponding Author: sergey.k.dedushenko@cern.ch

Ion implantation is a useful way for a modification of a substance. It allows us to introduce the
desired nuclide into a substance (substrate) quickly, without impurities, and without formation of
the local accumulations (clusters) of the respective element. Moreover, the implantation does not
change the structure, temperature etc. of the substrate, though local changes are possible. These
circumstances allow us to use the implantation for examining the substrate, receiving information
about the environment of the local positions of the atoms-probes as well as some characteristics of
the substance as a whole (e.g. magnetic properties).
At the same time, the implantation makes local defects in the structure. To eliminate such defective
structure, to incorporate the implanted atom into positions in regular crystal structure definite treat-
ment is necessary. There are very few options for such a treatment. The simplest way is to heat the
substrate. But in-line heating is possible in vacuum only. The other approaches (e.g. irradiation by
light) seems less effective and limited to definite types of substrates.
The removal of the substrate from the implantation zone allows us to noticeably expand the selection
of the treatment technique including complete transformation of the substrate into a new form. This
removal should be fast enough because the implantation process of each nuclide is strictly limited
in time (relating to the number of substrates under study). Fast removal is also necessary when the
implanting nuclide has a short lifetime.
We designed, manufactured, and tested under high vacuum under a simple and reliable mechanism
which allows to remove the substrate from the evacuated implantation chamber in a second and
without vacuum release. The satellite automation is currently being designed. We hope to test it on-
line when ISOLDE starts in 2021. For the test the short-lived nuclide Mn-57 seems very interesting
because manganese can be easily transferred into different oxidation states, the research technique
being emission Mossbauer spectroscopy.
The designing automation will not only increase the efficiency of the implantation experiments but
will also improve the radiation safety because no hand operations with radioactive matter will be
necessary anymore.
For radioactive nuclides the optimal time of implantation cycles can be calculated based on the ra-
dioactive decay law. In case of multiple repetitions, to obtain maxim average count rate with Mn-57
the valve should be turned approx. every minute, which seems reasonable time for the treatment of
a substrate and the accompanying manipulations.
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