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Welcome to the 2025 ISOLDE Newsletter!

It is always a relatively easy task when CERN man-
agement ask me for highlights from ISOLDE to show at
CERN Council or Science Policy Committee meetings.
Over the past few years these have included radioactive
molecules; transfer reactions on '32Sn; nuclear clocks;
colour centres in diamond; lithium diffusion in solid-
state batteries; laser spectroscopy of neutron-rich cal-
cium isotopes at a few ions per second; back-to-back
PRLs from ISOLTrap and IDS on very neutron-deficient
and very neutron-rich indium isotopes; and other ex-
citing results.
continues to impress in terms of both the quality and
the breadth, and the articles in this newsletter gives a
glimpse into some of the science done at the facility
recently. As always, life has been busy since the last
newsletter and there are many other things to report.

The scientific programme at ISOLDE

We completed the preparations and funding re-
quests for the series of improvements that will be imple-
mented during Long-Shut Down 3 (LS3). I've reported
in other newsletters that we have been very success-
ful in previous years with requests to both the CERN
Medium Term Plan (MTP) and CERN Consolidation
Budgets, particularly securing a significant resource in
last year's MTP exercise for the replacement of the pro-
ton beam dumps to allow delivery of higher energy and
intensity protons. During the past year a lot of work
was done by many people in preparing a request for
the remaining items: magnets for the BTY line along
with vacuum and civil engineering for 2-GeV proton de-
livery; beam switching through the central beam line;
some improvements to REXTRAP, EBIS and ISCOOL;
plus other smaller items. In addition, we also needed to
ask for resources to follow up on the ideas from the task
force looking into ways to recover and maintain the per-
formance of the accelerating cavities of HIE-ISOLDE.

A co-fund programme was proposed by the ISOLDE
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Collaboration Committee and colleagues in the Accel-
erator and Technology Sector, which has been suc-
cessful in obtaining 3.0 MCHF from this year's MTP to
add to 3.7 MCHF from the collaboration to complete
these activities. For HIE-ISOLDE, this includes refur-
bishment of Cryomodule 1 during LS3 and construc-
tion of Cryomodule 5, which will be used as a spare
to gradually switch out the other cryomodules for refur-
bishment; this switch can be done in a Year End Tech-
nical Stop without disturbing the HIE-ISOLDE physics
programme after LS3. We also heard this year that
1 MCHF was allocated from Consolidation budgets for
RILIS activities at ISOLDE. All great news and thank
you to everyone involved.

Over the past few years, the total investment in the
improvement programme for LS3 (and a little beyond)
is just shy of 29 MCHF, with around 12% supported
by the ISOLDE Collaboration for items that are close
to physics delivery or for items where there has been
previous collaboration investment. This demonstrates a
significant commitment by CERN in the ISOLDE scien-
tific programme and now a lot of work needs to be done
to implement these projects. But we should not pause,
it would be wise to start thinking now about what ideas
there are that might be implemented in LS4. Indeed, a
brainstorming session by the Collaboration Committee
last year produced a huge spreadsheet that went from
new PC’s for the data room (already actioned!) through
to a new proton driver. | suspect even this list does not
cover all the possibilities, so let your ISCC representa-
tive know if you think of something!

Since the beam dump replacement is expected to
take two years and the long-shutdown for the PSB is
scheduled for around eighteen months from Septem-
ber 2026 when the LHC LS3 starts, there was a choice
to make about ISOLDE running: whether to align the
beginning or the end of these two activities? There is
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an influence on the physics programme because HIE-
ISOLDE operation is fixed to the second half of the cal-
endar year. After long discussions with all stakeholders,
starting the beam dump work at the end of 2025 made
sense in terms of the amount of high-energy running.
But it also presents advantages for ISOLDE to be down
outside of the LHC LSS as technical resources may to
be easier to find. The current aim is for ISOLDE to be
operational again in the second quarter of 2028, ready
for the return of protons from the PSB.

We are benefitting from the ideas generated by the
HIE-ISOLDE task force already in the 2025 running pe-
riod. They were able to find several efficiencies in bring-
ing the linac back on line after the annual cryoplant
maintenance and so this year we were able to start us-
ing post-accelerated beams about a month earlier than
in previous years. This is an excellent result and I'm
grateful to all our technical colleagues in operations,
cryo and rf groups who worked on this.

This is my last ISOLDE Newsletter as Physics Sec-
tion Leader and Collaboration Spokesperson. As | write
this, Luis Fraile has just arrived and we have a month
overlap to hand things over. Another change is that
in June the ISCC selected Janne Pakarinen to replace
Luis as ISCC Chair. ISOLDE will therefere be in very
safe hands for the next few years!

As | prepare to leave, | have been reflecting on my
time at CERN and wanted to share a few thoughts with
you. ISOLDE does a fantastic job, has done it for a
very long time, and will continue to do so for many
more decades. There are a few brand new billion-
dollar radioactive beam facilities using ISOL or reac-
celerated fragmentation products that have just arrived,
but ISOLDE is still world-leading, competes effectively
with them and will do so for the foreseeable future.

How does such an old facility keep up with the new-
comers? ISOLDE stays at the forefront of science by
innovative developments in beam production, instru-
ments and physics ideas that build on years of expe-
rience. Part of this is due to the vibrant, energetic
and talented ISOLDE community that uses the facility
in clever ways and builds state-of-the-art instrumenta-
tion. However, ISOLDE is also unique in using GeV pro-

2

tons for production, which generate the widest range of
isotopes, with spallation, fragmentation and fission all
contributing, and this is key to ISOLDE’s competitive-
ness. We are assisted by very talented experts in many
different technical areas. Being based at CERN gives
us both of these advantages, GeV protons and a huge
technical skills base. However, CERN as a large organ-
isation has very many rules and regulations that apply
uniformly across the entire operation. It might be help-
ful to remember the advantages of CERN for ISOLDE
science when you are frustrated by some bureaucracy
or have to satisfy a new CERN rule or requirement!

CERN is a laboratory for particle physics, but the
organisation clearly appreciates the high quality sci-
ence in nuclear physics, done at ISOLDE and other
CERN facilities, that diversifies the overall scientific out-
put. CERN management value the work we do and
have recently stated the importance of continuing ex-
periments using the proton injector chain into the era of
a future collider, such as FCC. On our side, we should
continue to make the case for ISOLDE, calmly and col-
laboratively, reminding CERN of the value of its unique
nuclear physics facilities. Together we can ensure that
ISOLDE has a long and healthy life ahead of it.

| would like to end by thanking everyone who sup-
ports ISOLDE and by doing so have made my job
the large and vi-
brant physics community responsible for the exciting
science programme; the local group and especially
Jenny, Hanne and Karl; the target group, RILIS col-
leagues and machine supervisors who run the facility
for us; the ISOLDE Collaboration Committee for sup-
porting me with many initiatives; the wider technical
and safety teams who help ISOLDE in so many different
ways; and EP, SY and BE management for their support
and collaboration, especially concerning the improve-
ments programme.

easier over the past four years:

So | will say goodbye to you in my current role, al-
though | will see many of you as | continue with experi-
ments at ISS. | am sure that you will all join me in wish-
ing Luis the best of luck over the next few years and |
hope he finds the job as rewarding and fun as | have.
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ISOLDE schedule 2025

In 2025, delivery of protons to ISOLDE for physics
started on 28 March and will continue until 8 December.
Unlike recent years, there will be no period of physics
with pre-irradiated targets after the end of proton deliv-
ery (the so-called "winter physics" mode). This marks
the end of Run 3 for ISOLDE, as we then enter the
Long Shutdown 3 (LS3), which will last until summer
2028. During LS3, no ISOLDE beam will be available,
but normal services will remain operational. Occasional
interruptions may still be necessary for maintenance
etc. similar to what is typically experienced during the
Year-End Technical Stop. If you plan to perform offline
measurements in the ISOLDE hall during the long shut-
down, please let us know.

The published schedule for 2025 can be found on-
line here, and the weekly schedules here. EURO-
LABS TNA support will be available and spokespeople
of scheduled experiments will be contacted by Jenny in
advance of their experiments running.

Upcoming INTC meetings

The 80th INTC meeting, scheduled for 11-12
November 2025, will only accept documents related to
the n_TOF facility. Submissions concerning ISOLDE
will not be considered at this meeting. Details regard-
ing the INTC meetings in 2026 will be shared in due
course. The current plan is to dedicate the February
2026 meeting to a review of Run 3. This will also be the
final meeting chaired by Marek Pfltzner. The incom-
ing chairperson will define the programme for the sub-
sequent meetings. For reporting purposes to funding
agencies and other stakeholders, existing experiments
will remain formally active until the end of LS3, at which
point they will be officially closed. Any experiment wish-
ing to run after LS3 will need to submit a new proposal.
User registration and access to the ISOLDE facility

A full description of the procedure for registering at

https://isolde.cern

CERN is given on the ISOLDE website. Note that the
teamleader and deputy teamleader who submits the in-
formation must have a valid CERN registration. This
also applies to paper forms which have been signed at
the visiting institute. Please register under "ISOLDE"
as your experiment and "USER" as status.

All information for getting access to the ISOLDE fa-
cility is outlined on this page on the ISOLDE website.
There are a variety of training courses, managed via
the CERN training hub, required before access to the
ISOLDE hall can be granted. These are divided into
classroom courses, which take place at the CERN train-
ing centre in Prevessin, and online courses which can
be taken via the CERN online training. Enrollment for
the classroom courses should take place before com-
ing to CERN (at least 2 weeks before the course takes
place, otherwise, they might be cancelled). If a user
is not yet registered, an email can be sent to safety
training: safety-training@cern.ch. However, once reg-
istered it will be still necessary to register for the hands-
on courses in the CERN training hub in order to validate
the training.

Safety in the ISOLDE hall

To access ISOLDE, you must wear, at a minimum:
a dosimeter, safety helmet, safety shoes, and clothing
that completely covers your legs, typically long trousers.
Before leaving the facility, always check yourself on the
hand-foot monitor.

No radioactive or stable beam may be sent to an
experimental station without EP Safety Clearance. To
obtain this Clearance, the Safety File must be fully up
to date, including a general and electrical safety inspec-
tion of the installation on site. This inspection must be
planned in advance to allow sufficient time to address
any remarks. All participants of the experiment must
be familiar with the procedures relevant to their tasks,
as described in the Safety File, including the necessary
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personal protective equipment (PPE) and training. It is
the responsibility of the spokesperson, in collaboration
with the local team, to ensure these requirements are
met.

All equipment in the hall must be clearly labelled
with contact information, setup details, and the period
it will be there. If any items need to remain at CERN
after the run, please contact the physics coordinator to
arrange suitable storage. All items must be checked
by RP before being removed from ISOLDE or when
opening the beamline or experimental chamber. Please
note that radioactive items must be added to TREC and
stored in the designated cupboard.

In case of doubt, please don’t hesitate to contact the
local responsible person for your setup, the physics co-
ordinator or the EP safety office (Letizia Di Giulio and
James Devine). The list of contacts for safety both for
local experiments and visiting setups can be found via
https://isolde.cern/safety.

ISOLDE Publications, open access and CERN EP
preprints

ISOLDE should be mentioned in the abstract of ar-
ticles related to experiments performed at the facility
and, if possible, the ISOLDE team should be mentioned
in the acknowledgements. Experiments which have
benefited from previous ENSAR2 funding at ISOLDE
should also mention this in the acknowledgements of
any articles which emerge and which should echo the
following: This project has received funding from the
European Union’s Horizon 2020 research and innova-
tion programme under grant agreement No 654002.

For Eurolabs support, publications should acknowl-
edge in the following way:
these results has received funding from the European
Union’s Horizon Europe research and innovation pro-
gramme under grant agreement no. 101057511."

Please note that under CERN’s general conditions,
all publications originating from a CERN experiment or

"The research leading to
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featuring a CERN author must be published as open ac-
cess. Detailed information on open access publishing
can be found on this dedicated website, supported by
the CERN Scientific Information Service. New agree-
ments have been signed with numerous publishers
which facilitate OA publishing with a CERN author. In
many cases publication costs will be covered centrally
at CERN if there is at least one CERN-affiliated author
in the author list. For IOP and the APS publications,
costs can be covered even without a CERN author as
long as the ISOLDE collaboration and IS number are
mentioned e.g. "CERN, ISOLDE Collaboration, ISXXX"
in the collaboration field of the submission form, and
this should be added to the paper itself.

In case of any further questions, authors can ask the
experts in the CERN library questions via email: open-
access-questions@cern.ch.

ISOLDE papers can also be uploaded to the CERN
EP preprint server, which will allow them to receive a
CERN-EP number as is done for many other experi-
ments at CERN. Details on the submission process can
be found here. If there are any questions about this pro-
cess, please contact the physics coordinator.
Publications on CDS

There is a specific area of the CERN Document
Server from which all ISOLDE spokespeople and con-
tacts will be able to upload DOI links (and extra infor-
mation if required). Once you have signed in with your
CERN credentials, you should be able to upload any
new articles or theses. The link to use is here. If there
are any problems with uploading, please contact the
physics coordinator.

Open data

Please note that having an open data manage-
ment programme is a requirement for the receipt of
EUROLABS support. ISOLDE has also recently pub-
lished an open data policy, following approval by the
ISCC, and this can be found here.
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ISOLDE Improvement and Consolidation Program and plans for LS3

Since LHC operations began, CERN’s periodic
Long Shutdowns (LS) have provided opportunities to
upgrade and consolidate the ISOLDE infrastructure.
During LS1 (from 2013 to mid-2014 for ISOLDE), major
civil engineering work was carried out with the demo-
lition of obsolete buildings for the construction of the
Building 508 (hosting the new control room and many
laboratories), the extension of the Building 179 for the
MEDICIS laboratory and the finalization of the techni-
cal buildings for the HIE ISOLDE project. In the target
area, one of the main activities was the replacement
of the 20-year-old target handling robots with modern
robotic systems to improve the facility reliability. The
LS2 (2019-2020) period similarly enabled major mod-
ifications as the extension of Building 179 (again!) to
host the nano-laboratory dedicated to target material
production and the replacement of the two Frontends
(target stations). For the post-accelerator, several im-
provements were carried out, including the refurbish-
ment of a cryomodule (CM), which allowed for the re-
covery of the nominal accelerating gradient and the in-
stallation of new diagnostic systems and two steerers
integrated into the REX Linac to improve beam control.
An upgrade of the electron gun in REXEBIS also im-
proved the stripping of electrons from isotopes before
injection into the Linac.

For LS3, an ambitious set of upgrades and consoli-
dations is planned to enhance ISOLDE’s performances
in terms of flexibility, reliability and physics outputs en-
suring the facility remains at the forefront in nuclear
physics well into the next decade [1]. One of the key
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projects is the replacement of the two beam dumps (in-
stalled in the early 1990s) behind the ISOLDE target
stations. The current dumps have been operating at the
edge of their thermal and mechanical design limits. In-
stalling modern, higher-capacity dumps is essential for
safe long-term operation and will remove the bottleneck
that today caps the beam intensity and energy.

Figure 1: The ISOLDE facility during construction in 1992 [2].

This consolidation will enable ISOLDE to exploit
higher proton energies and currents in the future with-
out compromising radiation safety or dump integrity.
The replacement of the dumps presents a significant
challenge requiring meticulous planning and execution
to ensure safe removal and disposal. Unlike modern
engineered beam dumps, the existing ones are sim-
ple iron blocks surrounded by concrete shielding which
were covered with soil during the facility’s construction
(see Fig. 1). This design, while effective at the time,
complicates their extraction, as access is limited, and
radiation protection measures must be carefully imple-
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mented to minimize exposure during decommissioning
and installation of the new dumps.

The project team responsible for the ISOLDE Beam
Dump Replacement Study (IBDRS) has carefully evalu-
ated these aspects and has proposed a new dump de-
sign incorporating proper instrumentation and the ca-
pability to safely absorb the proton beam (even con-
sidering future increases in energy and intensity). In
addition, a new technical building will be constructed
above the target area, providing a controlled environ-
ment for handling the dumps and shielding elements
while also housing critical equipment related to the tar-
gets and dump systems (see Fig. 2).
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Figure 2: 3D rendering of the new building constructed in the
frame of the IBDRS project.

This new infrastructure will also enable the creation
of new access galleries to the target area and HRS
separator zone, significantly improving accessibility to
the separator magnets to facilitate their replacement in
case of failure or upgrade.

Besides the IBDRS project which is fully funded,
additional improvements and upgrades have been pro-
posed for approval in 2025. One of the most major pro-
posals is the 2 GeV BTY line upgrade, which aims to
significantly increase isotope production yields by lever-
aging the higher proton energy available from the PS
Booster. FLUKA simulations predict a 2 times increase
in fragmentation product yields at 2 GeV, with gains of
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up to a factor of 6 for certain exotic spallation prod-
ucts. A detailed study has been conducted to identify
the most cost-effective approach for upgrading the BTY
line to operate at 2 GeV while maintaining the flexibility
to run at 1.4 GeV [3]. The proposed modifications in-
clude a geometric reconfiguration of the vertical dogleg,
along with an optics redesign (see Fig. 3).

Figure 3: 3D rendering of the vertical dogleg in its current
configuration (top) and in its upgraded version [4].

Additionally, two new dipole magnets will be in-
stalled in the target area to provide the necessary
deflection toward the HRS target station, and new
quadrupole focusing magnets will be implemented to
ensure proper beam focusing at higher energy. Fur-
thermore, the already planned consolidation of power
supplies has been integrated into the proposal, ensur-
ing that the powering requirements align with the up-
grade of the BTY line.

Over the years, the Resonance lonization Laser lon
Source (RILIS) has become the primary tool for pro-
ducing Radioactive lon Beams (RIBs) at ISOLDE, sup-
porting more than 50% of experiments. Given its crit-
ical role, the current RILIS laboratory infrastructure is
not optimally equipped or configured to meet the grow-
ing demands of the experimental program. To address
these limitations, a comprehensive upgrade is planned
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for LS3. The consolidation of the RILIS laser lab-
oratory will focus on expanding available space, im-
proving personnel safety, and introducing new opera-
tional features. A key enhancement will be the sep-
aration of laser launch areas for the two separators
(GPS and HRS), enabling parallel operation of RILIS
on both ISOLDE Frontends. Currently, this is only fea-
sible for a limited number of elements, and the upgrade
will significantly enhance RILIS’s capabilities to provide
laser-ionized beams more efficiently. One of the major
challenges in implementing this upgrade is the limited
available space in the laboratory’s current location (see
Fig. 4). The presence of Faraday cages for REXEBIS
and ISCOOL, along with stability requirements neces-
sary to support laser tables, further constrains the lay-
out, making careful integration studies essential. These
studies, which have already been initiated, will ensure
that the upgraded facility meets both spatial and opera-
tional requirements, allowing RILIS to continue playing
a crucial role in ISOLDE’s experimental program.

W—

Figure 4: 3D rendering of the current RILIS laboratory loca-
tion in the experimental hall (light blue).

To optimize facility usage, one of the planned im-
provements for the RIB transport and delivery is the im-
plementation of automatic beam switching on the cen-
tral beam line (CAQ), which is shared by the two sep-
arators (see Fig. 5).
new timing hardware, synchronized beam gates, and a
switching system for electrostatic power supplies. Puls-
ing CAO could facilitate future beam-sharing scenarios,
enabling different experiments to receive beam alter-
nately, allowing, for example, the tuning of a beamline
while another experiment collects data.

This enhancement will require

Figure 5: Layout of the CAO beamline showing the electro-
static elements requiring time switching in shared beam op-
eration mode.

Other improvements to the RIB delivery systems
in the low-energy beamlines, proposed for funding, in-
clude the upgrade of NMR probes for the HRS sepa-
rator magnets and hardware upgrades and studies to
enhance the cooling and bunching efficiency of the IS-
COOL cooler-buncher, benefiting experiments requir-
ing time-structured beams.

As physics with post-accelerated beams is in
high demand, improving both reliability and maintain-
ing/improving performances of the REX HIE-ISOLDE
Linac for future experimental campaigns remains a key
priority (see Fig. 6 for the Linac layout). Several sys-
tems of the REX Linac, including REXTRAP and REXE-
BIS, are proposed or scheduled for consolidation and
upgrades to enhance reliability for the next operational
period. Improvements envisioned include addressing
discharges in REXTRAP and installing a new electron
collector for the REXEBIS. A major focus will be ad-
dressing issues with the normal conducting cavities,
particularly investigating the cause of instabilities as
well as opening the 9GP RF structure to replace its
vacuum sealing and retuning to improve performance.
A proposal to upgrade the RF system with a new 202
MHz solid-state amplifier for the 9GP cavity and a digital
Low-Level RF system has been put forward as a natu-
ral complement to the already approved consolidation



of the 101 MHz solid-state amplifiers for the five other
cavities. The HIE-ISOLDE superconducting LINAC has
experienced a decline in performance, impacting the
high-energy physics program. For this part of the ma-
chine, the top priority for LS3 is the refurbishment of
Cryomodule 1 (CM1) which has experienced a decline
in accelerating gradient. Additionally, NEG pumping will
be added upstream of CM1 to improve vacuum condi-
tions for the refurbished CM1. Further efforts, if funding
is approved, will focus on integrating and commission-
ing a 2 kL LHe dewar into the cryoplant, and studying
an LN,/GHe heat-exchanger cooling system to possi-
bly maintain the cryomodule shields at 90° K during an-
nual winter stops in the future. Beyond LS3, the pos-
sibility of producing a spare cryomodule (CM5) for fu-
ture exchange is being considered. However, this effort
will depend on available resources, as its assembly re-
quires specialized technical skills and cleanroom facil-
ities, which are also in high demand for other CERN
projects. While the timeline for this remains flexible,
having a spare module would allow for a rolling re-
furbishment strategy, ensuring that future maintenance
can be carried out without disrupting the physics pro-
gram.

Figure 6: Layout of the REX HIE-ISOLDE Linac.

While the full scope of the activities described above
will be determined before the summer with the approval
of the CERN Mid-Term Planning, scheduling the al-
ready approved LS3 activities at ISOLDE requires care-
ful coordination to ensure the availability of technical
teams from multiple departments, many of which are
also engaged in other large CERN projects. The IBDRS
project implementation is the longest of all planned
or proposed activities with an expected duration of 24
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months. This exceeds the foreseen shutdown of the
PS Booster by approximately 4 to 5 months. To ad-
dress this, a detailed planning study was conducted,
taking into account the availability of specialized teams
and the objective of maximizing high-energy physics
beam time. As a result, it was decided to synchro-
nize ISOLDE’s LS3 activities with the restart of the PS
Booster in spring 2028. Consequently, 2025 will be the
last year of proton operation before ISOLDE enters a
two-year-long shutdown for the implementation of LS3
projects.

Figure 7: 3D rendering of the Building 197 extension. The tall
stack on top of the building ensures the dispersion of short-
lived radioisotopes resulting from air activation in the target
area.

Although the activities described above are planned
for LS3 (2026—2027) at ISOLDE, one project is already
advancing in 2025 to avoid co-activity with the IBDRS
project and will be completed early in LS3. This project,
the ISOLDE Primary Area Ventilation and Fire Safety
upgrade, was initiated a few years ago following a fire
safety review assessing the radiological impact of a po-
tential fire in the ISOLDE target area. The upgrade in-
cludes the extension of Building 197 to accommodate
the new HVAC equipment serving the primary areas
(see Fig. 7 for the layout of the extension). To en-
hance safety and containment, the system will feature
charcoal filters to trap radioactive volatile species, fire
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dampers, and the physical separation of the HVAC sys-
tems from the experimental hall, where the equipment
is currently housed. The construction of the Building
197 extension is already underway, marking a key step
towards completing this critical safety improvement and
ensuring that ISOLDE meets modern radiation safety
standards.

The preparation of this ambitious upgrade program
is the result of dedicated work by numerous techni-
cal teams over the past years, with experts design-
ing solutions, preparing detailed proposals (e.g., the
Ventilation and Radiation Safety upgrade, the ISOLDE
Beam Dump Replacement study and the 2 GeV up-
grade design), and identifying the necessary resources.
The people responsible for equipment across the facil-
ity have also actively reviewed the performance of their
systems, identified obsolescence risks, and proposed
consolidations or improvements. In addition, CERN
management, various scientific and technical com-
mittees, and the ISOLDE Collaboration have demon-
strated strong support for the ISOLDE consolidation

25

2

and upgrade plans, from endorsing the physics case

to approving and supporting budget requests. Al-
though a two-year shutdown is a significant constraint
for physics, restarting operations with a modernized,
upgraded, and consolidated facility will provide long-
term benefits, ensuring greater reliability, increased op-
erational flexibility, and enhanced experimental capa-
bilities. With the continued commitment of the ISOLDE
community, the technical teams, and the CERN man-
agement, the facility is well prepared to take full advan-
tage of the LS3 shutdown.
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Target production and developments 2024

The year 2024 was despite challenges a produc-
tive and successful year for CERN-ISOLDE. Over the
course of 36 weeks, including two weeks of winter
physics, just over 10%° protons from the PSB where
used to deliver radioactive ion beams to around 50 ex-
periments. To enable such a rich research program,
31 new target units were built, and a few resilient tar-
gets from previous years were reused. Figure 1 shows
a breakdown of these targets across their respective
target materials.

W ISOLDE m MEDICIS DEVELOPMENT

Actinide
3(33%)

Figure 1: Target production 2024.

Noticeably fewer uranium carbide targets were em-
ployed (35% compared to typical 60%), compensated
by an increasing number of metal (foils and liquids),
non-actinide carbides and oxide materials. 1.7 GeV
protons, which were introduced in 2022 to study the
benefit of a proton energy upgrade, were employed for
the first time as operational beam for two physics ex-
periments.

Next to the annual target production, the techni-
cal teams led an extensive machine development (MD)
and target-ion source development (TISD) program,
to improve and consolidate ISOLDE’s beam portfolio.
New or improved target materials (nano-ZrO, and TaC)
showed promising results for Zn and low-Z beams such
as lithium. Molecular beam extraction, which gained
popularity in recent years, was further studied (TbFy,
YFx) and used for physics experiments (SnS, RaF,
CeFy). Issues with sulfur-injection and CeF, extraction
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were observed and are being addressed in ongoing de-
velopment efforts. MDs investigating the proton deliv-
ery to the ISOLDE frontends, included firstly, newly de-
veloped 2D proton scan software packages to find the
optimal horizontal and vertical deflector settings. RP
radiation monitors data were linked to the proton beam
position on target which can now be used to identify the
best configuration (see Fig. 2).

o
| 3
g =
H
= 3
§
3 2
3

-3 -20 -10 0 10 20 30 40
Horizontal Current [ A |

1

nt [A]
©

®

]
RP MONITOS [ Gy/h

Vertical Currel

Noow s oo

|
-30 -20 -10 O 10 20 30 40
Horizontal Current | A |

Figure 2: 2D proton scan using 2®Na and the ISOLDE fast
tape station [1] (left) and radiation monitors (right). Taken
from [2]. The prompt gamma radiation from the high-Z Ta
container can be clearly seen, also the location of the target
material is clearly visible.

This can be useful to reduce the load on the fast
tape station [1] and the need for the central beam line
for a proton scan.

<+ —— Yield
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Figure 3: Subset of the yield-progression study for high in-
tensity protons beams (PSB-MD1256). The graph shows
the secondary ®Na yield (black) and associated horizontal
(red) and vertical (blue) proton beam size (normal distribu-
tion). Some outliers were removed for clearness. The full
dataset can be found in [3].
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Secondly, MD studying the yield dependency on
high intensity proton beam delivery to the ISOLDE tar-
gets was performed. Record intensities of 5000 - 10'°
protons per pulse delivered to ISOLDE were achieved
by the PSB team. (Fig. 3).
conclusive, endorsing on the one hand the importance
of looking into beam focusing at high proton intensities.
On the other hand, ambiguity at low proton intensities
and reproducibility highlight the demand for further sys-
tematic studies [3].

The results were semi-

Outlook
As the ISOLDE nanolab is nearing completion of its in-
stallation and commissioning program, we are launch-

2

ing production of first nano-LaC, and nano-UC, target
materials to be tested online in 2025.
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The past year at ISOLDE featured several success-
ful experiments for CRIS, including exciting technical
upgrades. CRIS proved its versatility by studying iso-
topes and isomers in the lead and tin regions, investi-
gating atomic physics interests in francium, and demon-
strating the production of RaF~ anions alongside the
first measurement of its electron affinity. A major high-
light was the implementation of a new Field lonization
Unit (FIU) at CRIS. By using field ionization from a reso-
nantly excited Rydberg state, the need for a high-power
ionisation laser becomes redundant, and consequently
the non-resonant laser ionization of isobars in the beam
(often molecules) are strongly reduced. Reducing the
ion background counts significantly boosts the sensi-
tivity. The FIU was successfully commissioned using a
potassium beam (see Figure 1) from ISOLDE, and later
applied to francium, marking a significant leap forward
in the CRIS measurement capabilities for more exotic
isotopes.
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Figure 1: Measurement of the Rydberg series (14D to 18D)
in potassium using the new FIU at CRIS.

In 2024, CRIS performed four experimental cam-
paigns, starting in June with high-resolution laser spec-
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troscopy of light gold (Au) isotopes. The hyperfine
structure of 14 isotopes and two isomers was mea-
sured, from '97Au down to '8Au, to investigate the
so-called "island of deformation”, noted for its unusu-
ally large nuclear charge radii in lighter gold isotopes.
Data on the quadrupole moments of these isotopes
give an understanding on how their ground and long-
lived excited states are deformed, a key to exploring
shape coexistence. CRIS confirmed the tentative spin
assignments of 181.182183A,  The results will provide
a benchmark for theoretical predictions and illustrate
how single-particle and collective behaviors interplay in
these nuclei.

Following the study of magic numbers, the next ex-
periment focused on the tin region, measuring the hy-
perfine structure of neutron-deficient antimony (Sb) iso-
topes (Z=51). Given its single proton above the closed-
shell Z = 50, this element offers a simple yet robust test
for nuclear theories. Isotopes from 23Sb down to '1'Sb
have been studied (N = 60), revealing nuclear structure
evolution in this region of the nuclear chart.

Changing the focus to atomic physics, CRIS iden-
tified the 9P4 /23,2 and 10Py > 3/> electronic states in
francium (Fr) and measured their lifetime. Additionally,
we indirectly observed the 6Ds , state in 22'Fr, an elec-
tronic state of high interest for its proposed sensitivity
to parity non-conservation effects (PNC). These mea-
surements are instrumental for future experiments and
provide valuable information for benchmarking quan-
tum electrodynamic effects in Fr, crucial for PNC stud-
ies.

Finally, the year ended with the production and
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study of RaF~ anions through double charge exchange
in the CRIS charge exchange cell filled with sodium va-
por, followed by successful photodetachment studies
producing neutral RaF detected in a dedicated laser-
transparent neutral atom detector mounted at the end
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2

of the CRIS beam line. With these measurements, a
possible pathway to efficiently cool and trap RaF was
characterized, a molecule proposed for its sensitivity to
parity and time reversal violation studies.
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Collinear Laser Spectroscopy with the COLLAPS setup: Probing Nuclear Struc-
ture in Calcium and Thulium Isotopes

Results of experiment 1IS529 & 1S740

Collinear laser spectroscopy is a versatile probe of
nuclear ground and isomeric state properties, such as
spin, electromagnetic moments and changes in mean
square charge radius between nuclei. Through these
nuclear model independent measurements, information
regarding the size and shape of nuclei across isotope
chains can be found. Using the COLLAPS set up,
two main regions that were focused on this year were
the calcium region (Z=20), in particular °*Ca, and the
thulium region (Z=69) heading towards the proton emit-
ter 47 Tm.

The first scheduled experiment for 2024 was for the
calcium region, using the ROC (Radioactive detection
of Optically pumped ions after state selective Charge
exchange) technique [1]. The ROC technique, com-
bined with technical upgrades, resulted in record sensi-
tivity for collinear laser spectroscopy measurements of
~ 0.5 ions/s out of the target. This experiment culmi-
nated with the measurement of ®Ca, seen in Figure 1.
The change in mean square charge radii obtained from
this measurement will explore effects around the N = 32
and N = 34 shell closures.

Atoms

Scanning Voltage

Figure 1: peak of 3*Ca obtained during the 2024 ROC beam-
time.

The second experiment of the year was for the
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thulium isotope chain, performed using collinear fluo-
rescence laser spectroscopy. From a letter of intent in
2023, initial exploration reached a limit at '>>Tm due
to heavy isobaric contamination, identified as oxides
by ISOLTRAP. To suppress the contamination faced
at the neutron deficient isotopes a LIST (Laser lon
Source and Trap) target module was used. Reduc-
ing the isobaric contamination allows for an increase in
bunch accumulation time and a suppression of photon
background. This improved sensitivity allowed for the
measurements of neutron deficient isotopes of thulium
down to '%2Tm, as seen in Figure 2. Although the Ta foil
target degraded during the experiment, a partial mea-
surement of '5'Tm was also conducted.

152Tm

Data
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sl }

L H\} t o
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Figure 2: preliminary fit of the hyperfine structure of the
ground and first isomeric state of %°Tm

While a measurement of the proton emitter 4/ Tm
was not obtained, these measurements will enable the
extraction of nuclear moments and change in mean
square charge radii of the neutron deficient region as
well as follow-up measurements in 2025 towards the
ultimate goal of reaching the proton emitter 4/ Tm.
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First online measurements with the high-voltage MIRACLS setup

The Multi-lon Reflection Apparatus for Collinear
Laser Spectroscopy (MIRACLS) is designed to in-
crease the experimental sensitivity of fluorescence-
based collinear laser spectroscopy (CLS) by exploiting
a Multi-Reflection Time-of-Flight (MR-ToF) device. This
device utilizes two electrostatic ion mirrors to reflect ion
bunches back and forth for several thousands of revolu-
tions. While the ions are trapped between the mirrors,
a laser beam intersects collinearly with the MR-ToF
axis, allowing photointeraction during the entire storage
time. This lasts typically up to tens of milliseconds com-
pared to a few microseconds in conventional, single-
passage CLS. As a result, the CLS sensitivity is largely
improved, opening a path to study exotic radionuclides
with very low production yields [1].

After the successful demonstration of the MIRA-
CLS concept in a low-energy, offline apparatus, a new
setup has been constructed which is now coupled to
ISOLDE’s online facility and operates at higher ion
beam energies for enhanced CLS resolution and sensi-
tivity. The year 2024 marks the successful commission-
ing and first online operation of this new instrument.

Based on insights gained during test measurements
in 2023, the apparatus was upgraded in terms of its
vacuum system and high-voltage stability of the elec-
trostatic mirrors, allowing its commissioning: in early
2024, stable Mg ions could be trapped with an energy
of around 10.5 keV for up to 3000 revolutions. Laser
spectroscopy was performed first with ions from MIR-
ACLS offline ion source and then with radioactive Mg
ions delivered from ISOLDE. The accuracy of the MIR-
ACLS apparatus has been confirmed in two online cam-
paigns by comparing our CLS measurements on even-
even Mg radioisotopes with those previously performed
by COLLAPS [2]. After this, unexplored Mg isotopes
were successfully accessed. An example of a reso-
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nance obtained by MIRACLS is shown in Fig. 1.

This new MIRACLS data extends our knowledge
on nuclear charge radii of neutron-rich Mg isotopes,
providing valuable insights on the island of inversion
around the N = 20 region and serving as a stringent
benchmark of recent advances in ab-initio nuclear the-
ory [3, 4].

Following up on the successful performance in its
first physics case, the next plans for MIRACLS include
investigations of the cadmium isotopic chain.
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Figure 1: An example of a 3®Mg resonance measured by
MIRACLS.
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ISOLTRAP’s results and developments during 2024

Results of experiment 1IS756

The ISOLTRAP [1] mass spectrometer is composed of
a series of ion traps, including a Multi-Reflection Time-
of-Flight mass spectrometer (MR-ToF MS) and a tan-
dem Penning-trap system, to perform high-precision
mass measurements on radioactive nuclei for studies
of nuclear structure and nuclear astrophysics.

Following the successful joint LOI244 [2] with IDS for
the development of neutron-rich mercury beams be-
yond 2%8Hg [3] using a UC, target equipped with a low-
temperature quartz transfer line for isobaric contamina-
tion suppression (especially Fr), a dedicated beamtime
for the mass measurement of 209210Hg was carried out
in 2024 [4]. Further optimisation of the target heating
reduced isobaric contamination (compare Fig. 1 of this
article with Fig. 2 in [3]) and enabled the measurements
of neutron-rich mercury isotopes beyond 2%8Hg without
systematic limitations caused by space-charge effects
[5] to study the nuclear structure south-east of doubly-
magic 2°8Pb.

In addition to the aforementioned opimization of the tar-
get conditions, further reduction of isobaric contamina-
tion can be handled more generally with the implemen-
tation of mass-selective re-trapping [6] at ISOLTRAP.
For this, an additional RFQ buncher, designed by MIR-
ACLS [7], has been installed in a horizontal beamline
extension following the MR-ToF MS (Fig. 2). This will
enable the use of the 3- 10° resolving power of the MR-
ToF MS for subsequent isobar and isomer mass sep-
aration and spectrometry. Thus, the isobar separated
bunch ejected from the MR-ToF MS is re-bunched in
the Mini-RFQ before being re-trapped in the MR-ToF
MS with suppressed contamination to enable measure-
ments with improved sensitivity and free from system-
atic space-charge effects.

Besides upgrading the MR-ToF MS with the Mini-RFQ,
further improvements were made to the instrument
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through the implementation of temperature stabiliza-
tion. The MR-ToF MS itself and its voltage stabiliza-
tion devices have been enclosed and temperature sta-
bilized using Peltier elements in conjunction with a PID
loop. This measure serves to reduce ToF drifts and to
enhance the instrument’s long-term stability. It allows
the reduction of calibration measurements during ex-
perimental procedures and reduces systematic errors,
particularly in the context of low-yield beams.
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Figure 1: Time-of-Flight spectrum for the A = 210 ISOLDE
beam from a UC, target equipped with a low-temperature
quartz transfer line and laser ionization tuned for mercury.

Figure 2: The horizontal beamline extension, including the
Mini-RFQ, installed following the MR-ToF MS to realize
mass-selective re-trapping.
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High-statistics decay spectroscopy of '78182Au at IDS

Results of experiment 1S665

Neutron-deficient gold and platinum isotopes near
the N = 104 mid-shell, well-known for shape evolution
and shape coexistence, have been extensively studied
]. One of them is the -
delayed v-ray spectroscopy, which can provide a wealth
of information on excited states in nuclei. Beta de-
cay is sensitive to the structural changes between the
mother nucleus and the populated state, therefore j-
decay feeding patterns and log ft values can be used
to study nuclear structure. A coexistence of at least
two configurations, a weakly-deformed and a strongly-
deformed, has been observed for platinum isotopes in
this region. Our data provide extensive information on
the differences in feeding of the corresponding bands.

using various techniques [1,

The 178182y isotopes were studied as part of the
IS665 experiment, focused on searching for 3-delayed
fission in neutron-deficient gold isotopes. The nuclei
were produced using a UCj target, selectively ionised
by RILIS, mass separated and implanted into a movable
tape of the ISOLDE Decay Station (IDS). Isomeric sep-
aration provided by RILIS allowed the selective study of
the low-spin ground state and high-spin isomeric state
in 778Au. Four HPGe Clover detectors were used for -
and X-ray detection. An array of seven Si-PIN diodes
was placed close to the implantation point. High-quality
decay spectroscopy data were obtained thanks to the
uniquely pure, intense beams and high ~-ray detection
efficiency (12% at 200 keV and 4.3% at 1 MeV).

A large statistics was collected, namely 3.3(1) x 108
decays of ®Au, while for 778 Aug™ it was 5.4(3) x 108
and 1.3(1) x 107 decays, respectively. This allowed us
to significantly expand the information on excited lev-
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els in platinum daughters using the prompt -+ coinci-
dence technique. Additionally, o and 8 decays of the
long chains of daughter products were studied. Exam-
ples of the coincidence spectra gated on the 170-keV
and 155-keV 21 — 07 transitions in 178Pt and '82Pt, re-
spectively, are shown in Fig. 1.
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Figure 1: ~-ray coincidence spectra of the (a) 170- and
(b) 155-keV transitions following the 3 decay of "8Au¢ and
182Au, respectively. Thanks to the high - efficiency of
the detector configuration, many new transitions (labelled in
blue) were observed, especially at high energies.

We confirmed the previously known part of the level
schemes of 178182pt [3] with minor changes. More-
over, we added 74 new ~-ray transitions and 39 new
levels to the level scheme of 178Pt, extending it up to
6.7 MeV in excitation energy. A large expansion was
also achieved for '8Pt (333 new + rays and 124 levels
up to 3.7 MeV). This new information led to significant
decreases in -decay feeding intensities for many low-
lying states, showing that a large part of previous ap-
parent feeding was caused by the pandemonium effect.
This highlights the importance of detailed knowledge of
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Production of intense, high-purity beams of neutron-rich Cd isotopes at ISOLDE

1S685

The 1S685 experiment investigates exotic, neutron-
rich indium isotopes using high-resolution ~-ray spec-
troscopy and fast-timing techniques [1]. The focus is on
single-proton-hole states and core excitations in 13'In,
and proton-neutron couplings in two-nucleon systems
like '0In and '%2In. ISOLDE uniquely enables their
production via the g-decay of Cd isotopes, directly or
through $-delayed neutron emission. High beam purity
and intensity are essential.
(1) a UCy target coupled to a neutron converter, where
1.4 GeV protons from the CERN PS Booster generate
spallation neutrons that induce fission, suppressing Cs
isobars [2]; (2) a temperature-controlled quartz transfer
line acting as a chemical filter, delaying the release of
alkali elements such as Cs [3, 4]; (3) laser ionization
with RILIS [5], offering isotopic and isomeric selectiv-

This is achieved through:

ity via hyperfine structure, as already used for similar
IDS experiments [6]. Mass separation is performed with
the ISOLDE General Purpose Separator. The experi-
ment used ISOLDE target unit #759. The beam inten-
sity and purity were evaluated using the IDS setup with
four Clover HPGe detectors. Yields were derived from
experimental gamma-ray intensities, branching ratios,
and release fractions using the characteristic release
curves. Fig. 1 compares RILIS-on and -off v spectra
for A = 130 and 131. Cd is ionized only via RILIS,
while surface-ionized species (e.g. Cs, In) may appear
in RILIS-off spectra. Table 1 summarizes yields and
limits (10) for contaminants. With RILIS the amount of
In is consistent with Cd decay. Cs is suppressed be-
low the detection detection limits. The measurements
can be compared with Cd yields for A = 130—133 with
protons on the converter [/, 8]. Reference yields from
direct bombardment are provided in Ref. [7].

These results confirm the excellent purity of the
Cd beams achieved with this procedure: Cs is unde-
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tectable and In is suppressed by over three orders of
magnitude. Data analysis is ongoing and results are
expected soon.

IS685 thanks the ISOLDE technical teams and the
ISOLDE and IDS Collaborations, and acknowledges
support from EU’s Horizon Europe research and in-
novation programme under EURO-LABS (grant agree-
ment no. 101057511).
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Figure 1: (a) 3-gated -ray spectra from '3°Cd decay, 400 ms
after proton impact. Black: RILIS on; blue: RILIS off. The
RILIS-on spectrum is normalized to proton dose. (b) Same
for 131Cd.

Isotope | Yield (ions/iC) | Yield (ions/uC)
RILIS on RILIS off
10cd | 3.6(2)x10° —
13 — 0.92(7)
13OCS §7 _
131cd 1.06(3)x 102 —
131 In _ _
131Cs <0.1 —
132¢cd 4.7(4) —
133¢cd 0.16(2) —

Table 1: Measured yields for Cd and contaminants from the
UC, target with quartz line, with/without RILIS.
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Studies with post-accelerated beams

Single-neutron Transfer Reaction on ®®Ni

Results of experiment 1S587

In recent years, substantial progress has been
made in understanding the microscopic, single-particle
origin of shape coexistence and shape transition in vari-
ous region of the chart of nuclei [1, 2, 3, 4]. Below %8N,
the increased collectivity observed in the neutron rich
Fe and and Cr isotopes [5, 6, 7] is related to the energy
of the va5 » orbital, which allows quadrupole excitations
through the promotion of neutrons from the lower-lying
vgq/2- We attempted the measurement of this energy
gap in ®°Ni through the one-neutron transfer reaction on

the radioactive 88Ni nucleus.

Experiment 1S587 was performed in November
2022. A beam of ®Ni nuclei was accelerated at HIE-
ISOLDE to an energy of 6 MeV/nucleon and fired on
a deuterated polyethylene target located at the centre
of the ISOLDE Solenoidal Spectrometer (ISS). States
in ®Ni with a single neutron outside the N = 40 core
were populated through the (d,p) reaction. ISS uses a
magnetic field to detect the outgoing protons, eliminat-
ing the kinematic compression effect that usually affects
the measurements in inverse kinematics.

The background-subtracted proton
rescaled to the corresponding excitation energy in *Ni,

spectrum,

is shown in Fig. 1. The peaks, corresponding to pop-
ulated states in 8Ni, were fitted with Gaussian func-
tions. The most probable angular momentum trans-
fer were identified through the angular distributions of
the detected protons. Above the ¢ = 4 ground state
(one neutron in the gq/» orbital), the largest peak at
E* = 2.56 MeV was unambiguously assigned an ¢ = 2
transfer, corresponding to a neutron in the ds, orbital.
Fig. 2 shows the corresponding angular distribution.
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Based on the calculated spectroscopic factors and
on a preliminary comparison with large-scale shell
model calculations [3] we deduce a slightly larger v gg 2-
vds > gap than the one observed in lighter Ni isotopes.
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Figure 1: Excitation energy spectrum of ®*Ni from the
6gNi(d,p) reaction, up to the neutron-separation energy at
4586 keV. The peaks were fitted with Gaussian functions,
their excitation energy is indicated in keV.
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Figure 2: Angular distribution of the protons detected in the
peak at E* = 2.56 MeV. The curve is the result of an ADWA
calculation.
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Single-neutron contributions to the Mirror Energy Differences of the T =1/2
A = 39 Mirror Pair

Results of experiment 1IS757

Mirror energy differences (MEDs) between analog
states, when viewed as a function of the total angular
momentum, AE = E(J, T, = —1/2) — E(J, T; = +1/2),
provide isospin-symmetry tests along the collectivity
plane. Within the 1s0d — 0f1p shells, the MEDs for
the A= 31, 35, and 39, T = 1/2 pairs have been deter-
mined through the yrast J™ = 13/27 state ( Fig. 1) [1, 2].
For each, the same pattern is observed as a func-
tion of spin highlighted by the abrupt change between
the yrast 11/2— — 13/2~ states. This sudden change
in the MEDs is postulated as being a result of the
maximally-aligned nature of the 13/2~ state within the
(005/2)3.5(0% )15 /2 Space. To investigate this possi-
bility for the A = 39 MEDs the %8K(d,p)*°K reaction was
completed to provide a first look at the single-neutron
contributions to the yrast levels.
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Figure 1: Mirror energy differences (MEDs) between the

negative parity yrast excited states (filled points) in the

T,=41/2 mirror nuclei of masses A=31 (blue), 35 (orange),
and 39 (purple) [2].

A 3K beam at ~ 7.5 MeV/u was delivered to the
ISOLDE Solenoid Spectrometer (ISS) by HIE-ISOLDE
at a rate of > 10° pps. The beam was determined to be
predominantly in its 3* ground state configuration and
had no evidence for isobaric contamination. The (d,p)
reaction took place within the 2.5 T solenoid field of the
ISS using a ~ 100 pug/cm? CD, target. Outgoing pro-
ton energies and positions were detected by the ISS
position-sensitive Si array. Coincidence time require-
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ments were made with both the incoming proton beam
pulses as well as the EBIS release times.
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Figure 2: Measured proton energy vs. upstream distance
traveled from the target (z) for outgoing protons measured
by the ISS (2.5 T field) following the 3K(d,p) reaction at
~ 7.5 MeV/u.

Figure 2 shows a preliminary plot of the measured
proton energies versus corresponding distances trav-
eled from the target (z). The locations of the kinematic
lines for the 11/2; and 13/2; states in 3°K, populated
only via ¢ = 3 neutron transfer, are overlaid on the fig-
ure. In addition to other yrast states, a few non-yrast
states up to > 8 MeV in excitation energy were also
observed. The relative yield to the 13/2] state is larger
than all other populated states below the proton thresh-
old in the peak angle region of the ¢ = 3 transfer. This
is consistent with an aligned configuration in this state
and supports the single-particle explanation of the ob-
served MEDs.
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The 2024 Coulomb-excitation campaign at Miniball

The Miniball gamma-ray spectrometer [1], located
at HIE-ISOLDE, is aimed at investigating nuclear struc-
ture properties via nuclear reactions like Coulomb-
excitation and particle-transfer reactions. An image of
the setup is shown in Fig. 1.

Figure 1:
ISOLDE.

The 2024 campaign of Miniball
Coulomb-excitation experiments. Four different runs
were performed, that aimed at studying different as-
pects of nuclear structure.

The first two experiments focused on investigating
shape coexistence in neutron-rich Zn isotopes, which
lie close to the doubly magic “8Ni, in which shape co-
existence has been suggested [2]. The RILIS source
was employed for Zn beam production. Furthermore,

The Miniball spectrometer installed at HIE-

focused on

https://miniball.web.cern.ch
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these runs exploited the Miniball ionization chamber for
beam composition analysis. The ionization chamber,
which hadn’t been operational for some time, was put
back into operation during the summer of 2024 by lvan
Anastasov, a summer student.

The following experiment studied Ra isotopes, to
test the validity of the seniority scheme in Ra isotopes
at and close to N = 126. The beam of interest was
extracted as a RaF molecule from the primary target,
to increase beam purity. Beam delivery was extremely
successful and the goals of the experiment could be
met within the first hours of the allocated beamtime.
Happy users can be seen in Fig. 2.

The last Miniball experiment of the year focused on
144Ba, aiming to probe octupole collectivity in the lan-
thanide region and to benchmark state-of-the-art theory
predictions.

The Miniball collaboration is grateful to the ISOLDE
machine supervisors, the target team, and the RILIS
team, which put substantial work in delivering beams to
the spectrometer.

Figure 2: The 1S748 collaboration, celebrating a successful
experiment.
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Investigating the deformation of the intruder isomeric 1/2* state in "°Zn (N=49)
via Coulomb excitation

Results of experiment 1S646

Multiple experimental results support the occurence
of shape coexistence in N~50 nuclei close to "®Ni[1, 2,
]
in 79Zn, first observed in a (d,p) transfer measure-
ment [4] and recently studied with high-precision mass
measurements [2], has been interpreted as an in-
truder state, related to neutron excitations across N =
50. Laser-spectroscopy measurements found a large
isomeric shift for this state with respect to the 7°Zn
9/2* ground state, indicating a significantly larger
mean squared charge radius [1]. Assuming an axial
quadrupole shape, this would suggest a deformation
of 8 = 0.22, considerably larger than g = 0.15 of the
ground state [1], and would imply a significant admix-
ture from the 2a5,, neutron orbital.

In particular, the 1/2* isomeric state at ~940 keV

In order to probe the collectivity of the intruder iso-
mer in 79Zn and of the excited band built on it, we
used a "°Zn beam from HIE-ISOLDE, post-accelerated
to 4.0 MeV/A, that consisted of a mixture of nuclei in the
9/2* ground state and the 1/2* isomeric state (amount-
ing to around 7% of the total), to populate via Coulomb
excitation the excited states built on these two different
configurations. A 3 mg/cm? '96Pt target and a 4 mg/cm?
208pp target were employed in the measurement: the
former for normalization to the known B(E2) values of
196pt, the latter for minimizing background from target
excitations. In the experiment, the Miniball array [5] was
used to detect v rays, while scattered beam and target
recoils were measured by an annular DSSD detector
placed at forward angles.

From the preliminary analysis of the data of the run
in September 2024 ~-ray spectra from the de-excitation
of 7°Zn were obtained. Figure 1 shows the Doppler-
corrected ~-ray spectrum measured with the 2%8Pb tar-
get and requiring that the scattered beam was detected
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in the DSSD. Several transitions are recognized from
previous studies of 7°Zn [4, 6] and we observe clear
evidence of excitation of the intruder band built on the
1/2* isomer. Further analysis will aim at extracting the
electromagnetic matrix elements from the measured ~-
ray yields with the GOSIA code [7] to characterize the
collectivity of the intruder band.

This work is part of the Ph.D. thesis of Filippo An-
gelini, student at the University of Padova, Italy.

200~ DC gamma-ray spectrum, gated on "°Zn
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Figure 1: Miniball Doppler-corrected ~-ray energy spectrum
in coincidence with a 7°Zn detection in the DSSD detector.
Tentative spin assignments are taken from [6] and from a
comparison with the systematics.
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IS690: Investigating the excited structure of ''Li via the °Li(t,p)''Li reaction.

Results of experiment 1IS690

IS690 was carried out at the HIE-ISOLDE facility at
CERN between the 15" and 22" of October 2024. Its
objective was to probe the excited states of the 'Li halo
nucleus through the °Li(t,p)''Li reaction in inverse kine-
matics [1]. While the ground state (g.s) of ''Li has been
well-established as a mixture of p (59(1)%), s (35(4)%),
and d (6(4)%) waves [2], its excited states remain con-
troversial. Previous experiments attempted to populate
the higher energy states of ''Li by exciting the (very
complex) g.s. By starting with the simpler °Li g.s nu-
cleus, we aimed to avoid the ''Li complexity and inves-
tigate the excited states through the residual proton [3].

Our experimental challenges were to provide a high-
energy °Li beam with a good yield, a 3H target, and an
experimental setup offering good angular coverage and
energy resolution at ranges where protons were likely
to be emitted (calculated by A. Moro using DWBA [4]).

To address these challenges, a novel TaCy produc-
tion target and a 1.7 GeV proton beam (the highest pro-
ton energy tested at ISOLDE and used for the first time
for this experiment) were employed to produce °Li at a
1.27(21)x 108 ions/;C rate according with the tape sta-
tion values. The °Li*' beam was accelerated in HIE-
ISOLDE to 7 MeV/nucleon and directed through the
XT03 beamline to the Scattering Experimental Cham-
ber (SEC), where the tritium target (3H absorbed in
a 0.1 um Ti foil with a 0.4 3H/Ti ratio ) was placed
within our detection setup. This setup (Figure 1-Left)
consisted of three groups of Si-particle telescopes sur-
rounding the target. A pentagon formed by five tele-
scopes (W1-60 um DSSD backed by an MSX25-1500
um Si-PAD ) that covers angles from 37° to 84° relative
to the beam direction; a forward telescope formed by
two CD detectors covering 6° to 32°; and a CD detector
covering 100° to 145°. In total, we have 324 electronic
channels in this setup.

https://isolde.web.cern.ch
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A five-slot target ladder was positioned between the
pentagon and backward telescopes. Four targets were
used: a 15um deuterated polyethylene (DP) target, a
0.1 um3H/Ti target, a 0.1 um thick Ti foil, and an Au
target. An empty slot was used to perform yield mea-
surements at the beam dump telescope and determine
frame scattering. An external actuator was employed to

U2F_E-P2_E [UZFI==14}

8E (keV) [

Figure 1: Left: Set up of experiment 1IS690. Right: Online
AE-E plot of one of the telescopes.

The experiment began with a stable 2C beam im-
pinging on the Au target for detector testing and in-
beam calibration. Subsequent runs, lasting 2-8 hours
each, alternated between the Ti target, the 3H/Ti target,
an empty target frame, and the DP target, with the Ti
and DP runs used to measure background channels.

Production of °Li was monitored using the beam
dump telescopes, which measured an average inten-
sity of 12,500 °Li ions/s. Online analysis of the AE-E
spectra (Figure 1, right) successfully identified protons
among the reaction fragments. A significant enhance-
ment in the number of protons was observed when
comparing the Ti target with the 3H/Ti target. Since
the only difference between these targets is the pres-
ence of tritium, this discrepancy can likely be attributed
to the (t,p) reaction.

Unfortunately, a power cut on October 17" shut
down the full CERN accelerator complex for a very
short time. The subsequent technical issues with the
machine hampered further data taking for the remain-
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Direct and Sequential Breakup of "Be on '2C at 5 MeV/u

Results of experiment 1IS554

The “Be nucleus has a prominent « + 3He cluster
structure and a low breakup threshold of 1.587 MeV.
Extensive studies on breakup reactions of the mirror nu-
cleus “Li are available in the literature. However, similar
studies on "Be do not exist. Previous experiments with
’Be on '2C and %8Ni targets did not yield any signifi-
cant breakup counts due to limited detection efficiency
[1, 2].
dominance of a-transfer reactions over breakup. The
present work is the first exclusive breakup measure-
ment of ’Be on '2C at 5 MeV/u. The experiment was
carried out at HIE-ISOLDE with a ”Be beam of intensity
~ 10% pps incident on a CD5 target. A pentagon detec-
tor array consisting of annular S3 and W1 DSSDs from
Micron [3], was used in the SEC to detect the scattered
particles. The experimental details are described in
Ref. [4]. The fragments 3He and « from the breakup of
’Be were extracted considering coincidences between
W1-W1 and W1-S3 detectors of the pentagon. The re-
constructed relative energy (E,) distribution from the
experimental data are shown in Fig. 1(a). The peak at
~ 2.99 MeV corresponds to sequential breakup through
the 4.57 MeV (%_) state of "Be. The breakup is pre-
dominantly direct at E,,; > 3.8 MeV. Now, the orienta-
tion of the relative velocity of the breakup fragments (5)
in their center of mass frame can be derived using the
relation,

Interestingly, Amro et al. [1] reported the pre-

. ViVosing
smB: 12 rel

(1)

(V2U2 + V2U3 + 2U1 Up vy V2 COS G,e/)”z,
where 6, is the opening angle between o and 3He,
v; is the laboratory velocity for each breakup fragment
and u; is the velocity of each fragment in their center of
mass frame. By examining the 3 - 6,¢ correlation plot
in Fig. 1(b), crucial information like the time-scale and
proximity of breakup can be extracted. When breakup
occurs asymptotically, there will be a direct mapping be-
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tween 5 and 6, [5]. This correlation is clearly observed
for sequential breakup of “Be from the %_ state. For
prompt breakup events occurring close to the target,
this correlation becomes featureless, as apparent for
the direct breakup events in Fig. 1(b). Further work on
the coincidence efficiencies, exclusive breakup cross
sections and CDCC calculations are in progress.

(a) (b)
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Figure 1: (a) The relative energy distribution of coincident
3He and o from the breakup of “Be on '2C at 5 MeV/u. (b)
The 3-8, correlation of the breakup fragments. The inset in
(b) is the schematic representation of 3.

The 1S554 collaboration thank the ISOLDE engi-
neers in charge, RILIS team and Target group at CERN
for their support. D. Gupta acknowledges financial sup-
port from ENSAR2 (Grant no. 654002) and ISRO, Govt.
of India (Grant no. ISRO/RES/2/378/15—16). R. Mitra
acknowledges the support of DST-INSPIRE fellowship
(DST/INSPIRE/03/2021/000155, IF No. IF200499).
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Two New Detectors for the VITO Beamline

In 5-NMR experiments the recorded signal is the
asymmetry[1]. Nuclei can have § transitions which ex-
hibit opposite g asymmetry leading to a low net asym-
metry. One such case is ''Be[2] which is investigated
with 5-NMR at VITO [3]. A way to increase the mea-
sured (8 asymmetry is to only capture the most ener-
getic 8 events which correspond to just one transition
with the highest Q(5) value. To do this 5 detectors with
good energy resolution are required.

Two new detectors were developed at VITO to ex-
ploit this potential gain. In order to have energy resolu-
tion, a p-particle should deposit its full energy within
the scintillator volume. The new detectors are thus
6 cm thick with diameters of 4 cm and 17 cm. Col-
lecting the scintillation light uniformly from such a large
volume poses an additional challenge. If only a small
area of the surface is covered by photon detectors, the
amount of light collected would depend on the position
of the 3 particle. To have a uniform light collection and
thus good energy resolution, the path of the scintillation
photons was simulated in Geant4. The conclusion of
these studies was that a light guide (diffuser), in com-
bination with 128 6x6 mm SiPMs (Broadcom AFBR-
S4N66P024M) should be used.

The EJ200 plastic scintillator was bonded to a
PMMA light guide after plasma treatment of the sur-
faces. The 128 SiPMs were then coupled to the light
guide using EJ-560 silicone rubber optical interfaces.
The detectors predominantly rely on total internal re-
flection to direct light to the SiPMs. However, photons
escaping from the scintillator are directed back into the
volume by enclosing it with highly-reflective PTFE.

During our November beamtime, the smaller detec-
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tor was tested for the first time with high energy decays
of °Li, 6Na and '"Be as illustrated in Figure 2. The de-
tector was able to handle high count rates and energies
up to 14 MeV, the °Li endpoint, without encountering
limitations. The new detector fulfilled all requirements.
The new, now operational pair of 5 detectors will en-
able the measurement of g asymmetry as a function of
energy in all future measurements.

Figure 1: Top left: the scintillator and the light guide of the
small detector glued together. Top middle: one of the PCBs
for the small detector. Top right: a rendering of the big de-
tector. Bottom: the two new [ detectors.
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Figure 2: The 3 spectra of °Li, '"Be and ?®Na recorded by
the small detector.
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Implanted GeV centers in different doping types of diamond

Results of experiment 1S668

Group-IV vacancy centers in diamond are, thanks to
their symmetry properties (split-vacancy configuration),
of high interest as spin-photon interfaces for a number
of quantum applications, and how to create them effi-
ciently is subject to intensive research. In the case of
SnV~ centers, a considerable increase in optical acti-
vation (factor of 3.4) was observed following implanta-
tion in P-doped samples [1,
the creation of negatively charged vacancies V~ which
suppress agglomeration into divacancies V, via a re-
pulsive Coulomb effect, thus leaving more single va-
cancies available for SnV formation and resulting in an
increased formation yield. We report on the structural
formation yield of GeV centers in split-vacancy config-
uration in five differently doped types of diamond: SC
plate from Element 6 with [N]<1 ppm, 500 nm thick
homo-epitaxial layers doped in-situ during CVD growth
with B (1 x 10" em=3) or P (9 x 10'® cm~3), and sam-
ples ion implanted with B or P up to a concentration
of 2 x 108 followed by 1600°C annealing for electri-
cal activation. All samples were (100) oriented, except
for the P-doped during growth, which was (111). GeV
centers were created by means of implanting radioac-
tive 7°Ga atoms, which decay into °Ge. The lattice
location of the probe isotope °Ge (t;,=83 min) was
investigated as a function of implanted fluence in the
range of 3 x 10" cm=2 to 2 x 10'2 cm~2 and for an-
nealing temperatures up to 900°C using the emission
channeling technique. We find (Fig. 1) that in the RT as-
implanted state significant fractions of "°Ge (35-40%)
are found on BC sites, which are characteristic for the
split-vacancy configuration, but that post-implant ther-
mal annealing at 900 °C reduces these values to 0-20%,
similar to previous results in undoped diamond [3]. Re-
markably, the structural behavior of implanted Ge was
found to be independent of the doping type, i.e. no pref-

]. This was attributed to

Ulrich Wahl for the EC-SLI collaboration

erential formation of the split-vacancy configuration was
observed in P-doped samples and no suppression in
B-doped, thus no evidence of a Coulomb effect. Our
results hence suggest that the enhanced optical acti-
vation of other negatively charged color centers such
as SnV~ or MgV~ observed in P-doped diamond [1, 2]
may simply result from a Fermi-level effect which favors
their negative charge state in a more n-type environ-
ment, rather than an increase in the structural formation
yield of these centers due to a Coulomb effect involving
negatively charged vacancies.
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Figure 1: Fitted fractions of "°Ge on S and BC sites and sum
of both as a function of annealing temperature T, for six dif-
ferent samples used.

References

[1] T. Lohmann, R. John, R. Wunderlich, J. Meijer,
S. Pezzagna, Nature Communications 10, 4956
(2019).

[2] T. Lihmann, J. Meijer, S. Pezzagna, physica status
solidi (a) 218, 2000614 (2021).

[38] U. Wahl, et al., Materials for Quantum Technology
4, 025101 (2024).

33



12919

RIB Applications

2

Local Structural Order in Layered Perovskite Solid Solutions

Results of experiment 1S738

Recent discoveries have revealed Uniaxial Nega-
tive Thermal Expansion (NTE) in Ruddlesden-Popper
(RP) perovskites, driven by an atomic corkscrew mech-
anism [1, 2]. This breakthrough has sparked renewed
interest in the RP family due to their potential appli-
cations in electronics and engineered materials, where
precise control over thermal properties can be achieved
through chemical composition adjustments. To explore
this phenomenon, we investigate CasMn4_,TixO4 solid
solutions using Perturbed Angular Correlation (PAC)
spectroscopy in ceramics, complemented by Density
Functional Theory (DFT) simulations.

Unlike other nuclear hyperfine methods, PAC [3]
does not require high concentrations of foreign atoms,
preventing unwanted chemistry modifications. Addi-
tionally, PAC works regardless of temperature, making
it particularly well-suited for investigating temperature
dependent phase transitions.

As part of an ongoing PhD project, we conducted
PAC measurements at ISOLDE during '''"Cd beam
times (see Fig. 1). Our study revealed an intrigu-
ing case study in the probing of the electric field gra-
dients (EFGs) to study nanoscopic phenomenology
within solid solutions.

Instead of measuring a continuous EFG distribution,
the introduction of Ti into the CapMnO, lattice shows
two well defined local environments. Aided by DFT
simulations, we were able to show that we can directly
probe how Mn and Ti atoms are positioned in the lattice,
relative to the average distribution of the "'1"Cd probe
at the Ca-sites (see Fig. 2) within the Rock-Salt layer.
As a result, we can resolve previously unreported site
specific interactions, offering a more detailed picture of
atomic-scale order in these materials. Our findings may
also offer insights into atomic arrangements in related
RP materials, some of which exhibit superconductivity
and magnetoelectric couling effects.

Antonio Neves Cesario, for the 1IS738 collaboration
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Figure 1: Representative '"'™Cd PAC measurements on
CasMng 75 Tig 2504 ceramics.
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where the violet, green, and red spheres represent Mn, Ti,
and O atoms, respectively. Two-color spheres represent
atomic sites that can either be filled by a Mn or a Ti atom
with a given probability.
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From analog to digital: upgrading the LINE-PAC data acquisition with PACIFIC?
and optimizing time-stamping methods

Results of experiment LOI 276

. 6 BaF, Detectors ‘
(LINE)

0.06

= 003
I I

0.00 )
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Figure 1: (a) Substitution of the LINE analog acquisition with
the CAEN 57308 digitizer and PACIFIC? Suite. (b) Perturba-
tion function (R(f)) of a perovskite sample measured within
the 1IS738 proposal.

The ~-v Perturbed Angular Correlation (PAC) spec-
troscopy technique has been a cornerstone of ISOLDE
solid-state physics for over four decades [1]. Tradition-
ally, ISOLDE’s PAC setups have relied on aging analog
equipment—some in operation for over 30 years—or
bulky and expensive digital processing systems. The
CAEN DT5730S digitizer compact unit, with 8 input
channels, a 500 MS/s sampling rate, and a 14-bit ADC,
seamlessly integrates into a 6-detector PAC configu-
ration setup. Building upon previous work to modern-
ize current PAC data processing systems [2], we have
now successfully tested the PACIFIC? software and the
digitizer under real-time conditions while using a BaF,
based 6-detector array, previously connected to the

Pedro Rocha-Rodrigues, Antdnio Neves Cesario, André
Costa Miranda for the LOI 276 collaboration

LINE analog PAC setup (Fig. 1). During the last '''"Cd
beam time, the upgraded system facilitated over 50 suc-
cessful PAC measurements, one of them highlighted
in Fig. 1. A key milestone achieved in this study was
the real-time processing capability on a modern lap-
top running simultaneously the CAEN Communication
software (CoMPASS) and the -y coincidence search
mode of the PACIFIC? suite. The setup seamlessly
handled live data acquisition and analysis, reinforc-
ing the potential of our Python-based PACIFIC? suite
for real-time processing without compromising perfor-
mance. This marks a significant step forward from prior
tests, where post-acquisition processing was the pri-
mary mode of operation [2].

While this new setup can replace the previous ana-
log ones for experiments using '"'™Cd and ''In probes
(84 ns half-life), studies with PAC probes with much
shorter probing half-lives such as '8'Hf (10.8 ns) and
199mHqg (2.46 ns) were not yet possible due to the need
for an accurate sub-sampling binning, a known limita-
tion of digitizer units [3]. In the standard approach, the
time of arrival of an anode electric pulse, corresponding
to a detected ~ ray, is determined by a simple linear in-
terpolation of the zero-crossing of the Constant Fraction
Discriminator (CFD) implemented in the FPGA of the
digitizer. However, when the time delay between the
~ detections is asynchronous (phase shifted) relative
to the sampling clock, this method introduces periodic
artifacts which can only be eliminated through post-
processing techniques applied to the detector signals
[3]. To address these limitations, we are developing al-
ternative methods that fit approximate analytical func-
tions to the recorded waveforms as an alternative time-
stamping method. Our preliminary tests, conducted us-
ing 511 keV - 511 keV photon coincidences from ?’Na
[B*-decay, demonstrate a significant improvement in de-
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creasing time binning while keeping the necessary ex-
perimental sub-ns time resolution independent of the
delay between the arrival of two ~-photons (see Fig. 2).
The challenge for the next beam time is to implement
and optimize real-time analysis of the waveforms using
our fitting methods, enabling crucial analyses to be per-
formed during the beam time itself.
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Figure 2: (a, b) Prompt-resolution curves from ?°Na 511-511
keV coincidences. A BNC 1 ns cable delay was introduced
into the electronic path of the stop detector, introducing dis-
tortions visible in (a) due to the asynchronous recording of
stop and start events. These artifacts are effectively removed
in (b) after applying our time-stamping correction algorithms.
(c) Prompt FWHMSs for various imposed delays between the
detectors, demonstrating a reduced temporal dependency
after our corrections.
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Other News
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MEDICIS and MELISSA operation and highlights in 2024

Cyril BERNERD, Charlotte DUCHEMIN, Manikanta ELLE,

Jake JOHNSON, Patricija KALNINA, Muhammad
INZAMAM, Laura LAMBERT, Edgars MAMIS, Ralitsa

MANCHEVA, Ralf ROSSEL, Joachim VOLLAIRE, Thierry

1 Highlights from operation in 2024
and insights for 2025

In 2024, MEDICIS entered its sixth year of operation
since its commissioning at the end of 2017, with a
high demand from the collaboration as well as from the
PRISMAP users across Europe, mostly focused on al-
pha emitters for Targeted Alpha Therapy (TAT). A total
of 2 GBq was collected and delivered for the biomedical
program, excluding machine development runs [1, 2, 3].
MEDICIS will restart in 2025 for a year of radionuclide
production with protons and external sources. The
MEDICIS programme has been extended up to 2030,
following a very positive international review held in
2023.

The year 2024 witnessed again, as in 2023, a high
demand for two radionuclides produced efficiently at
MEDICIS from the irradiation of ThC targets: Ra-224
and Ra-225. A record efficiency of 72% has been ob-
tained this year. An activity of 1.8 GBq, of Ra-224 and
Ra-225, has been delivered to medical projects in the
UK, Germany, Switzerland and Belgium (i.e. 90% of
our total activity collected this year). Moreover, a newly
developed double collection system allowed the output
of the facility to be increased for these radionuclides by
collecting them both at the same time, therefore opti-
mizing the use of the protons, the running time and the
amount of radioactive waste produced.

Other radionuclides such as K-43, Sc-43/44, Eu-
145, Gd-149, Tb-155 and Tm-165 have been provided

https://medicis.cern

STORA on behalf of the CERN-MEDICIS collaboration

with an activity per batch up to 100 MBq to our exter-
nal partner institutes and PRISMAP users for research
and preclinical projects. Machine Development (MD)
runs on Tb-155 using a new target, TaC, have been
performed to progress further on the delivered Tb activ-
ity, associated with dedicated release studies (see also
part.3).

A total of 7 new targets have been built to sup-
port operation in 2024, with 5 reused targets from pre-
vious years, with the objective of optimizing their use
and minimizing the radioactive waste produced. MEDI-
CIS received 4.1E19 protons on target (poT), about 1/3
of those delivered to ISOLDE, by coordinating closely
with the ISOLDE team so there was no disturbance of
the ISOLDE physics program. A total of 18 radioac-
tive transports have been organised. Thanks to im-
provements and the constant support of the Radiation
Protection team, the handling of our radionuclides re-
mained very well optimized with a 328 nSv collective
dose received over the year despite the high activities
collected.

After a few months of maintenance and upgrades,
MEDICIS restarts operation in March 2025 with a rich
program. Several demands of Ra-224 and Ra-225 are
still in the planning with the addition of Ra-223, for a
new PRISMAP user research project in France. Ba-
128 will be investigated again at CHUV Hospital, Lau-
sanne. A last batch of Tm-165/Er-165 will be produced
for completion of a research project on the use of Auger
emitters in medicine. Additional requests for the newly
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developed Eu-145 beam, which is now part of the port-
folio of isotopes ionized by MELISSA following the suc-
cessful first collection, triggering a new assessment of
nuclear data of high interest at the National Physics
Laboratory (NPL) in London. A newly approved MEDI-
CIS project, notably including Ac-226 for HUG Hospi-
tal, will be a new addition to the radionuclides to be
collected this year with proton irradiation at CERN. Ex-
ternal sources of Sm-153 are foreseen for enrichment
by mass separation from the Sm-152 target for medical
applications, and are subject to approval by the CERN
council for first clinical trials at the hospital of Heidel-
berg in Germany. Last, but not the least, development
time will be managed around Sc and Tb production op-
timization and Cu-67 production development.

MEDICIS welcomed several external visitors and
collaborators, including David Townsend, co-inventor of
the PET-CT, a group from the European Observatory on
the Supply of Medical Radioisotopes, a Pakistan Coun-
cil delegation and collaborators, a Lithuanian VIP pro-
tocol office visit, a Latvian experimental and solid state
physics delegation and the TRIUMF Life Science direc-
tor Paul Schaffer.

2 MELISSA laser laboratory update

In 2024, the MELISSA laser laboratory has been used
for collections of radioisotopes including Tb/Dy, Sm,
Tm, Gd and Eu. In addition to these collections,
MELISSA has been involved in the first Cu-67 machine
development test, and for laser ionization tests during
Sc mass separation and machine development. Over-
all, MELISSA was operated in 2024 during 20 weeks
between May and December. In the light of an expected
busy program for 2025, MELISSA will again be a highly
favored ion source for the rich programme ahead.

The addition of Eu-145 to the MEDICIS portfolio
was made possible thanks to the laser scheme develop-
ment performed by the RILIS team at ISOLDE at the be-
ginning of the year (See Figure 1). At the end of 2024,
a complementary measurement was performed, lead-
ing to better enhancement of ionization with a slightly

2

different wavelength scheme. As a result, the expected
efficiency for the collection of Eu-145 will be improved
this year.

In 2025, new laser developments will be conducted
in order to improve the facility’s performance. The
design of a Raman laser, aiming at producing exotic
laser wavelength, will be finalized and implemented at
MELISSA. Its use for the ionization of Radium has al-
ready shown great promise and should lead to a new
record collection efficiency. Two new projects will com-
plete this exciting programme in 2025; the full automa-
tion of the laser system will start, to facilitate future
operation; in parallel, the study of the use of nonlin-
ear processes (namely Difference and Sum Frequency
Generation) will be conducted. These processes will
lead to the generation of wavelength in a range only ac-
cessible with Dye lasers, which are not implemented in
MELISSA. Hence, the laser capabilities and schemes
accessible will be greatly improved [4].
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Figure 1: Eu laser scheme recently developed

3 Release studies

Different radionuclides, such as Scandium (Sc) and
Terbium (Tb), have garnered significant interest in nu-
clear medicine due to their suitability for both cancer
diagnostics and therapy, making them promising candi-
dates for theranostics. However, achieving high molar
activity and radiochemical purity remains a challenge
for medical applications. One potential solution to this
issue is physical isotope mass separation, a method
which enhances sample purity for medical use. Despite
advancements in mass separation, notably at CERN-
MEDICIS and at other facilities, the extraction efficiency
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and vyield of certain radionuclides, particularly those
considered as difficult to extract, such as Sc and Tb,
remain suboptimal for producing medically relevant ac-
tivities.

To address this, the method to investigate the ther-
mal release of various radiotracers from activated tar-
get materials was adapted to investigate the impact of
the environment within an ISOL target unit, and more
specifically the role of the environment driven by the
tantalum structural materials [5]. This technique was
first applied to study the release of Sc radionuclides
from activated natural titanium and vanadium metallic
foils (embossed and non embossed). The relative ther-
mal release patterns of Sc from metallic "3Ti foils and
naty/ samples were systematically studied in the MEDI-
CIS and ISOLDE mass separator target units. Full Sc
release within one hour after reaching the set temper-
ature was achieved at 1200 °C for non-embossed"®Ti
and at 1450 °C for embossed "Ti foil samples (See

IR
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Figure 2: Total Sc thermal release from embossed and non
embossed "3 Ti foil samples [5]

Interestingly, the release of Sc from embossed
metallic"®Ti foils was shifted toward higher tempera-
tures in contradiction of the expected shift if sintering
would be prevented or effusion enhanced from the ge-
ometry. Preliminary results for Sc release from "2V foil
samples indicate complete (100%) release at 1600 °C
within one hour, see Figure 3.

In 2024, the method was further refined to accom-
modate the study of '>Tb, a particularly challenging

40

2

radionuclide to extract. A total of 40 samples were ana-
lyzed, including 3 types of metallic foils and TaC pellets,
to study the thermal release behavior of '%°Tb. Addi-
tionally, due to the wide range of radionuclides gener-
ated from high-energy proton irradiation of natural tan-
talum foils, several other release curves were obtained,
including radionuclides of medical interest. These find-
ings provide valuable insights for optimizing the mass
separation process, ultimately improving radionuclide
production efficiency for both fundamental physics re-
search and medical applications [6].
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Figure 3: 46Sc thermal release from non-embossed "V foil
samples [5]
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ISOLDE support

Access and contacts

1. Use the online EDH Pre-Registration tool'which ception building 33 (Your CERN badge will

should be launched by your team leader or deputy
team leader. You need to attach the following doc-
uments to the pre-registration:

» Home Institution Declaration® signed by
your institute’s administration (HR).

» Passport

. When your pre-registration is accepted by the
CERN users office you will receive an email telling
you how to activate your CERN computer ac-
count. However, you cannot activate your CERN
EDH account until you arrive at CERN and com-
plete the registration process; this means you
should register for hands on safety courses via
email, see ltem 7.

. Follow the online mandatory CERN safety
courses: Safety at CERN, Radioprotection
Awareness, Emergency evacuation, Computer
Security, Security - Awareness and Data Privacy
Basics - elearning.

+ If you have activated your CERN account,
you can access the mandatory on-line
courses at the web page Ims.cern.ch, from
your computer, inside or outside CERN.

+ If you have not activated your CERN ac-
count, there are some computers available
for use, without the need to log in, in the re-

be needed in order to prove your identity).

. Complete the following online courses available at

https://Ims.cern.ch:

* Electrical Safety - Awareness Course - Fun-
damentals

* Electrical Safety - Awareness Course - Facil-
ities
If you have not activated your CERN account see
the second part of Item 3.

. When you arrive at CERN go to the Users Of-

fice to complete your registration (Opening hours:
08:30 - 12:30 and 14:00 — 16:00 but closed
Wednesday mornings).

. Get your CERN access card in Building 33

. Follow the in-person ISOLDE RP safety course

and the "Electrical Safety-Working in EP exper-
iments" course for which you will have to regis-
ter well in advance®. These take place on Tues-
days at the training centre (Building 6959) in Pre-
vessin; the Electrical course takes place on Tues-
day morning and the RP course on Tuesday after-
noon. If you do not have your own transport, you
can take CERN Shuttle 2 from building 500. The
timetable for this is here.

. Obtain a permanent radiation dosimeter at the

Dosimetry service, located in Building 33* (Open-

For information see the CERN users’ office

2The Home Institute Declaration should not be signed by the person nominated as your team leader.
3For information about how to register see http:/isolde.cern/get-access-isolde-facility
*http://cern.ch/service-rp-dosimetry (open only in the mornings 08:30 - 12:00).
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ing hours: Mon. to Fri. 08:30 —- 12:00). /f you do
not need the dosimeter in the following month, it
should be returned to the Dosimetry service at the
end of your visit. The "certificate attesting the suit-
ability to work in CERN'’s radiation areas" ° signed
by your institute will be required.

9. Apply for access to "ISOHALL" using ADAMS:
https://www.cern.ch/adams. (This can be done
by any member of your collaboration, typically the
contact person, having an EDH account®). Ac-
cess to the hall is via your dosimeter.

Find more details about CERN User registration
see the Users Office website. For the latest up-
dates on how to access the ISOLDE Hall see the
ISOLDE website.

New users are also requested to visit the ISOLDE
User Support Office while at CERN. Opening
hours: Monday to Friday 08:30 - 12:30

Contacts

ISOLDE User Support
Jennifer.Weterings@cern.ch
+41 22 767 5828
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Chair of the ISCC
Imfraile@ucm.es, (Until June 2025)
Janne.Pakarinen@ijyu.fi, (From July 2025)
Chair of the INTC
Marek.Pfutzner@fuw.edu.pl
ISOLDE Physics Section Leader and Collaboration
Spokesperson
Sean.Freeman@cern.ch (Until July 2025)
+41 22 766 5936
Luis.Fraile@cern.ch (From July 2025)
ISOLDE Physics Coordinator
Hanne.Heylen@cern.ch
+41 75 411 1747
ISOLDE Technical Coordinator
Joachim.Vollaire@cern.ch
+41 22 766 4613
ISOLDE Deputy Technical Coordinator (with special
responsibility for HIE-ISOLDE)
Erwin.Siesling@cern.ch
+41 22 767 0926
ISOLDE Operations Section Leader
Alberto.Rodriguez@cern.ch
+41 22 767 2607
More contact information at
ISOLDE contacts and at ISOLDE people.

5The certificate can be found via http:/isolde.cern/get-access-isolde-facility

5Eventually you can contact Jenny or the Physics coordinator.
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