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Introduction

Sean Freeman

It is a great pleasure to be writing my first introduc-

tion to the ISOLDE Newsletter as ISOLDE Physics Sec-

tion Leader and Collaboration Spokesperson, after tak-

ing over from Gerda Neyens in late summer 2021.

As Section Leader and Collaboration Spokesper-

son, Gerda led a period of careful consideration of po-

tential futures for ISOLDE. She facilitated the Collabo-

ration to think about possible paths to improve the Fa-

cility, initiating the "Exploiting the Potential of ISOLDE

at CERN" (EPIC) Workshops which considered many

potential improvements and expansions. This has high-

lighted a number of medium-term possibilities, such as

systems for parallel beam delivery as well as reestab-

lishing the importance of renovating the proton beam

dumps and securing the benefits of 2-GeV proton de-

livery. But perhaps more importantly, she raised the as-

pirations of the Collaboration by encouraging consider-

ation of more ambitious, longer-terms goals to increase

the capability and capacity of ISOLDE by significant ex-

pansion. These ideas are currently being written up as

a set of EPIC Proceedings to be published in European

Physical Journal.

In common with everyone in a leadership position

over the past two years, Gerda has had to meet the

very many challenges particularly associated with the

pandemic, which have ranged from assisting the tech-

nical and operations teams in addressing the difficul-

ties of restarting the Facility after Long Shutdown 2 in

the face of COVID restrictions, through to supporting

the fellows and students in the local group through a

very difficult period. Unfortunately, the pandemic lim-

ited the opportunities for ISOLDE outreach activities

that had been flourishing previously under her watch.

She has also been very successful in helping to secure

a good stream of highly qualified young scientists taking

up CERN Fellowships at ISOLDE.

Gerda is a very hard act to follow - but on behalf

of the whole collaboration, I wanted to thank Gerda for

all her energetic and influential contributions to ISOLDE

over the previous four years.

Although my first visit to ISOLDE was many years

ago - CERN IT Systems never forget and they tell me

that is was on 5th November 1993 - it is only recently

that I’ve become a more regular ISOLDE User as part

of the collaboration that built the ISOLDE Solenoidal

Spectrometer (ISS). Whilst I’m not a newcomer to man-

agement positions having been Head of Physics and

Astronomy in Manchester, the jump to a new organisa-

tion is always difficult, perhaps more so when coming

afresh to a unique organisation like CERN. I am very

grateful to Gerda, with whom I overlapped for a month,

for helping to orientate me in this new environment.

And Karl and Jenny have been invaluable in helping

and supporting me this far. The organisational struc-

tures at CERN seem to require a management degree

to comprehend, but whoever it was who told me "don’t

attempt to try to understand it, because by the time you

do, they will have reorganised it" seems to have given

me sound advice as a more pragmatic approach does

seem to work.

Thinking about my first impressions of ISOLDE from

the context of the role are overwhelmingly positive. The

collaboration between the technical staff from opera-

tions, target and ion-source, and RILIS teams is im-

pressive. However, because it works so well, this is

often invisible to users who come to the Facility to do

science with the delivered radioactive beams. The roles

looking after User Support, Technical and Physics Co-

ordination are critical links and are performed adeptly

by Jenny, Joachim and Karl, but we need to be a lit-

tle careful of the risks of single-point failures. The lo-

cal physics group is very youthful, energetic and im-

pressively talented. It is a privilege to be working with

them all. And, finally, the scientific programme driven

https://isolde.web.cern.ch
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by the Collaboration is inspiring - the range of science

and the number of highlights that are produced make

the various internal reporting tasks difficult because of

the wealth of riches.

The Facility came back online in June 2021 for a

productive running period. This is notable as the Long

Shutdown was .... well .... long! A period of just over

2.5 years and restarting is always a tricky business. But

we can now benefit from several hardware upgrades

that were installed during the shutdown including new

GPS and HRS front ends, new REX-EBIS electron gun,

repaired Cryomodule-4 on HIE-ISOLDE and consolida-

tion of beam instrumentation for high and low energy

beam lines. This time the restart was complicated by

the strict guidelines imposed by the pandemic, which

also made life all the more difficult for those users com-

ing to CERN to perform experiments. Many shifts were

backed up by remote users from around the planet who

performed key tasks in monitoring online running. More

than 30 experiments were performed up to November

proceeded by an active winter physics campaign, al-

beit disturbed by some December power shutdowns.

New records were set for the RILIS laser ionisation,

which was used for 21 weeks out of 23. The first

experiment was run at CRIS, where hyperfine struc-

tures of over 20 isotopes were measured. Laser spec-

troscopy measurements with COLLAPS unravelled the

structure of a long chain of lead nuclei. Promising new

results were obtained from a search for uv emission

from the 229Th isomer. ISS used HIE-ISOLDE beams

to probe single-particle states in the Island of Inversion

and along N = 126. And there were many more inter-

esting experiments.

The 2022 running period has recently started and

I hope that we can look forward to another productive

year at ISOLDE. One piece of recent good news was

the approval of the EUROLABS Project, which is the

successor to ENSAR2. We hope that the grant agree-

ment will be signed on time in spring, ready to start

the project later in the year that will help support sub-

sistence for some ISOLDE Users. In the meantime,

the ISOLDE Collaboration Committee (ISCC) has de-

cided to maintain the scheme to support users from the

ISOLDE member states that operated last year.

For those who are visiting ISOLDE in this running

period, I would encourage you to think well ahead of

time about any necessary training you or your team

members need as the administrative arrangements

have several weeks lead time. The hostel is busy dur-

ing the summer, but a small number of rooms that

have been reserved for ISOLDE users and informa-

tion on how to book the reserved rooms has been

sent to institutional team leaders. In order to min-

imise risks to ISOLDE operations, we are asking ev-

eryone to please wear masks in Building 508 and in

the User Support Office. Due to EU data protection

rules, the ISOLDE email list is now a self-subscription

list. If new users would like to be added to the ISOLDE

mailing list they can subscribe by going to https://e-

groups.cern.ch/e-groups/EgroupsSearchForm.do and

searching for isolde.

Across Europe, Open Access publishing policies

are becoming very important. CERN is no exception

and the CERN General Conditions require all peer-

reviewed primary research articles to be Open Access.

But there is plenty of help and support available with

many journals having arrangements to do this auto-

matically for CERN authors and collaborations. Even

if you are not covered by an automatic arrangement,

the CERN Scientific Information Service can provide

helpful information and support in ensuring your pub-

lications are OA, so please contact them directly before

manuscript submission (scientific-info.cern/submit-and-

publish). I would also encourage everyone to make use

of EP preprints (https://ep-dep.web.cern.ch/content/ep-

publishing-policy). For ISOLDE papers there is no ad-

ditional review, but having an EP preprint will give your

publication an additional web presence, increasing its

web hit rate and helping with publicity. Importantly, it

will also help raise the profile of ISOLDE scientific out-

put within the CERN organisation.

You will be able to find more detailed information on

user arrangements and publishing in later sections of

the Newsletter and on the ISOLDE or CERN webpages.
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At a recent meeting, the ISCC agreed to sign

the Diversity Charter that has been drafted jointly by

NuPECC, APPEC and ECFA who represent the nu-

clear, astroparticle and particle-physics communities

(ecfa.web.cern.ch/content/diversity-charter). Thanks

to those who completed the short survey to mon-

itor diversity in activities related to APPEC, ECFA

and NuPECC areas. At the time of writing, the

survey is still open, if you would like to contribute:

www.survio.com/survey/d/X2C1N9U6B4T6X0H1M

Password 2019JENAS.

The ISOLDE Workshop and Collaboration meeting

was a great show case to hear about many interest-

ing new results delivered in a range of very high quality

presentations. Participation in the online meeting was

again very high with more than 300 registrations from

more than 30 countries, illustrating a lot of interest in

the Facility and its science. I think everyone is look-

ing forward to the possibility of an in-person meeting,

to catch up with colleagues, to profit from the benefits

that often arise from an unplanned or incidental conver-

sation over coffee, and perhaps to enjoy a good fondue

with old and new friends. But a good challenge is to

run an effective hybrid where we can enjoy the bene-

fits of coming together on the CERN site, but allowing

virtual participation for participants who may not able to

travel for whatever reasons. The two online events have

attracted more than twice the registrations of the previ-

ous onsite meetings so it would be good to continue to

satisfy the same level of interest in the future.

Thanks to everyone in the Collaboration who have

helped me settle into my new role. It is a pleasure to be

embedded in such a vibrant and diverse scientific and

technical endeavour and I look forward to working with

you all over the next few years.
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News for users 2022

Follow us on Twitter: @ISOLDEatCERN

ISOLDE schedule 2022

The physics period in 2022 will run from March 28th

until November 28th. Unlike previous years it is unlikely

that a winter physics programme will be possible this

year due to the lack of services once the proton cam-

paign finishes. Low energy physics started on March

28th and has now been runing for several weeks. HIE

ISOLDE is due to start with physics in week 29, around

July 20th. Until then, the commissioning of the accel-

erator will be carried out. This year will see the return

of Miniball and will be the first year since 2018 that all

three HIE ISOLDE beamlines will be available for ex-

periments.

The first part of the schedule for 2022 can be found

online here, and the weekly schedules here. The re-

maining part of the schedule will be published in the

early Summer. A limited amount of financial support

from the ISOLDE collaboration will be available for

users who need this to attend experiments. The pro-

cedure will be simliar to that adopted for ENSAR2 TNA

funds. Jenny will contact the spokespeople of sched-

uled experiments in advance of their experiments run-

ning. From September onwards the EUROLABS TNA

funding should be available for supporting users, details

about how this will be allocated will be communicated

in due course.

User Access to CERN in 2022

The majority of restrictions due to Covid-19 have

now been lifted at CERN and the site is now in a so-

called "level-1" or "green" state. This essentially means

that access to the site has now returned to how it was

pre-pandemic. However, respecting social distancing

where possible and maintaining good habits regarding

hand hygiene are encouraged. At ISOLDE, in building

508, the wearing of masks is still mandatory, and also

when coming to Jenny’s office. The use of a proximeter

is no longer mandatory.

In case of a positive test, this must be reported to

the medical service and access to the CERN site will

be lost for at least 5 days. Close contacts will also be

tested, although their access may not be lost. More

information for Users about the CERN Covid-19 mea-

sures as well as all related rules and regulations is

available here.

INTC meetings in 2022

The INTC meetings in 2022 are as follows:

• 70th meeting of the INTC

– June 22nd and 23rd. The deadline for sub-

mission of proposals is May 11th 2022.

• 71st Meeting of the INTC

– November 8th and 9th. The deadline for sub-

mission of proposals is September 27th.

Although the lifting of the majority of Covid restric-

tions means that meetings can once more take place in

person, it has been found that remote presentations to

the INTC have worked well, and this policy will remain:

this ensures a level playing ground for those who would

be unable to travel and will reduce the carbon footprint

of such meetings. The open session will still take place

on site — either in the Council chamber or the George

Charpak room — but presentations will be all via zoom.

User registration for 2022

A full description of the procedure for registering at

CERN is given at the end of this newsletter. Visiting

teams should use the pre-registration tool (PRT) to reg-

ister new users. As in 2021: the teamleader and deputy

teamleader who sends the information via PRT must

have a valid CERN registration. This also applies to

paper forms which have been signed at the visiting in-

stitute. Please register under "ISOLDE" rather than a

specific experiment. If the teamleader or deputy do not

https://isolde.cern
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have a valid registration, the users of�ce will refuse to

accept the documents.

Access to ISOLDE

Access to ISOLDE is entirely managed through

ADaMS (Access Distribution and Management Sys-

tem). The access permission required for ISOLDE is

ISOHALL . If the appropriate training ranks have been

gained, the access will be granted, it is no longer ap-

proved by the physics coordinator.

Required training courses for access to ISOLDE

hall and chemical labs

All training is managed via the CERN training hub.

There are a variety of training courses required before

access to the ISOLDE hall can be granted. These are

divided into hands-on courses, which take place at the

CERN training centre in Prevessin, and online courses

which can be taken via the CERN online training.

• Pre-requisite online training courses (can be fol-

lowed prior to arrival at CERN)

– Mandatory courses for everybody at CERN:

* Emergency evacuation

* Radiation Protection - Awareness

* Safety at CERN

* Computer Security

* Covid-19 training

– Additional courses for ISOLDE users:

* Electrical Safety Awareness - Facilities

* Electrical Safety Awareness - Funda-

mentals

• Required hands-on courses

– EP Electrical safety in EP Experimental ar-

eas

* Course code: STELS03I

– ISOLDE - Experimental Hall - Radiation Pro-

tection - Handling

* Course code: STIRP06I

– B. 508 chemical labs: The laboratories on

the ground �oor of 508 where solid state

physics perform chemistry also have their

own access. It is required to follow the online

LMS course "Chemical Safety Awareness"

before requesting the permission ISOCHEM

for 508 R-002 and ISOEXP for 508 R-008 for

the measurement area.

– ISOLDE Traka Box: the ISOLDE TRAKA box

is now integrated into Adams. To request

access to the box it is necessary for users

to ask for the "0508K1-002" permission in

Adams.

Please note that the EP electrical course requires

the home institute to sign a form prior to registration.

This form can be found here. These courses take place

on a Tuesday from 0830 until about 1700: electrical

safety in the morning and RP training in the afternoon.

The registration deadline for the hands-on courses is

15 days prior to their taking place.

Enrollment for courses should take place in advance

of coming to CERN; in the event that a user is not

yet registered an email can be sent to safety train-

ing: safety-training@cern.ch. However, once registered

it will be still necessary to register for the hands-on

courses in LMS in order to validate the training once

the User has arrived at CERN and has completed their

User registration.

Visits to ISOLDE

Visits to ISOLDE have resumed. Visits can be ar-

ranged by contacting isolde-visits@cern.ch.

A typical visit consists of an overview presentation

in the visitors' area in building 508 and – when possi-

ble – a tour of the ISOLDE facility itself along the pre-

arranged visit path. In the event of a machine inter-

vention or a con�ict with physics which happens to be

running, the tour of ISOLDE may be cancelled, and vis-

itors remain in the 508 gallery area. Please note that

weekend visits of groups are no longer possible and

are not advised for individuals except in exceptional cir-

cumstances. The possibility of a fully virtual visit also
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now exisits, which can be particularly attractive for large

groups e.g. university students.

More details can be found on the area of the

ISOLDE website dedicated to visits.

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

bene�ted from ENSAR2 funding at ISOLDE should

also mention this in the acknowledgements of any ar-

ticles which emerge and which should echo the fol-

lowing: This project has received funding from the Eu-

ropean Union's Horizon 2020 research and innovation

programme under grant agreement No 654002. A sim-

liar wording for EUROLABS support will be communi-

cated in due time.

Please note that under CERN's general conditions,

all publications originating from a CERN experiment or

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 Scienti�c 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-af�liated au-

thor in the author list. In the cases of the IOP and the

APS publication costs can be covered even without a

CERN author as long as the ISOLDE collaboration and

IS number are mentioned e.g. "CERN, ISOLDE Collab-

oration, ISXXX" in the collaboration �eld of the submis-

sion 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 speci�c 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.

Safety in the ISOLDE hall

The wearing of safety helmets and shoes is manda-

tory inside the ISOLDE hall. It is also mandatory to

check yourself on the hand-foot monitor before leaving

the ISOHALL zone.

Once within the ISOLDE hall you have at your

disposal additional RP protective equipment such as

gloves and contamination monitors to ensure your

safety. These are located in the cupboard close to the

old control room. A new suite of PPE for electrical in-

vestigations can now be found close to the IDS setup in

the ISOLDE hall.

A variety of “expert” courses are available for those

required to perform more demanding operations such

as those involving cryogenics, using the crane and

lasers. Please ensure that you have followed these

courses before performing these tasks.

All experimental setups need to pass safety clear-

ance before they can perform experiments. The �rst

step in obtaining this clearance is to �ll out the ISIEC

form which can be found here. For any additional

questions regarding safety of setups please contact the

ISOLDE coordinator for further information.

The mechanical workshop in building 508 is fully

operational. If you wish to use it a document will

need to be provided which is signed by your team-

leader, yourself, and our workshop supervisor, authoris-

ing you to use the selected machines in the workshop.

For more information, please contact your experiment

spokesperson, local contact or the coordinator.

The list of contacts for safety both for local

experiments and visiting setups can be found via

https://isolde.cern/safety.
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ISOLDE facility

News from the technical teams

Simon Stegemann, Sebastian Rothe, Edgar Reis,
Reinhard Heinke, Mia Au, Cyril Bernerd, Yago Nel Vila

Gracia, Alexandros Koliatos, Stefano Marzari, R �azvan Lic �a
for the SY-STI RBS and LP sections

1 A new target container design

All target developments include the necessity to guar-

antee durable and ef�cient behaviour under extreme

operating conditions (container temperatures higher

than 2000 °C, high vacuum level of 10� 7 mbar, high

voltage and radiation). To generate these tempera-

tures, various elements are resistively heated (Joule

heating). The ef�ciency of the targets depends on the

temperature homogeneity across the target container,

ion source and transfer line, and constitutes a key fac-

tor for the isotope extraction process. Temperature ho-

mogeneity is highly dominated by the container design,

while durability depends on engineering design solu-

tions to ensure a robust structure, extending the life

span of targets and minimizing heat losses from the

container.

Currently, heat screens (consisting of Ta, W and Mo

thin foils) are attached to the container surface to re-

duce heat losses of the container and to protect sur-

rounding materials of the target assembly. Each foil is

separated by Ta wires, which provide spacing distance,

at the same time reducing contact points. However,

they imply additional manual work and varying wrap-

ping techniques induce instabilities which can simulta-

neously affect the ef�ciency during heating cycles. At

ultra-high temperatures (> 2000 °C), foils are highly

deformed, their spacing distance cannot be guaran-

teed, resulting in increasing electrical and thermal con-

tact points. During multiple heating tests, it has been

demonstrated that the insulation ef�ciency decreases

over time along with a rapid degradation of the con-

tainer surfaces. Overall, these issues highlighted the

need for a system analysis of the target structure and

the separation of the thermal insulation from the target

container into a new independent sub-system.

Thus, a novel design has been developed to opti-

mize ef�ciency, at the same time ensuring temperature

homogeneity and durability, avoiding current bypass

and signi�cant heat losses from the container. A new

prototype container with improved features has been

tested, demonstrating very promising results. Thinner

container extremities and new design of the transfer line

connection contributed to a signi�cant reduction of cold

spots. Moreover, it has been observed that this solution

improved temperature homogeneity, since mass reduc-

tion was fundamental to a signi�cant temperature in-

crease on the extremities. Optimization studies are cur-

rently being conducted to further decrease cold spots,

improving even further the temperature homogeneity of

the container.

Figure 1: Evolution of the heat shielding: the current thermal
screens (left) and the new design with independently sup-
ported thermal insulation system (right).

Regarding the new heat shielding, it consists of a

https://isolde.web.cern.ch
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layer of graphite soft felt, sandwiched between two lay-

ers of Ta foils, designed to provide superior heat insula-

tion, as well as to protect the Ta container from chem-

ical reactions with C. The heat radiates out from the

outer layer, enhancing temperature distribution across

the target container. It has been demonstrated that with

the new design, the target life span has been signi�-

cantly increased. Figure 1 illustrates the evolution of

the heat shielding design.

Initially, the thermal insulation system was massive,

complicated and not precise enough to ensure mini-

mum contact points with the container. It was made

from two large blocks, held independently in place by

two graphite supports, providing mechanical stability.

However, using 3D printing, the design was signi�cantly

optimized through various design iterations. The mas-

sive blocks were broken up into to different simpli�ed

components, which were rapidly manufactured and it-

eratively designed to ensure a faster and more reliable

assembly process. The modularity of the current con-

cept is demonstrated in Fig. 2. In order to reduce heat

absorption, high re�ectivity coatings using advanced

UHTCs (Utra-High-Temperature Ceramics) are under

investigation to control further radiative heat transfer, by

tailoring surface emissivity and re�ecting heat back to

the container more ef�ciently.

Figure 2: Thermal shielding modularity.

It is envisaged that the new thermal insulation sub-

system will be considered as an indispensable part of

the target development. Using special assembly jigs,

the production of the modular heat shield blocks will

be facilitated. The prefabricated modular heat shield

blocks will provide a cost-effective solution with new en-

hanced features including, but not limited to, easy and

quick installation, reproducibility, extended life span,

lower power consumption and potential reusability.

2 Novel target materials via Electro-

spinning

At ISOLDE, among the main technical challenges for

the production of RIBs is the design of target materials

so as to foster in-target production of isotopes via nu-

clear reactions, while simultaneously allowing for fast

diffusion and effusion times to be able to study short-

lived radioisotopes. This requires a careful compromise

between density and pore structure, while also main-

taining the required levels of thermal stability to limit sin-

tering and maintain these properties at higher tempera-

tures of operation. Of particular interest in this area are,

on the one hand, nanomaterials with increased surface

areas and �ne internal microstructure, such as nano

uranium carbide (produced from multi-walled carbon

nanotubes and in-house produced nano-UO2) and on

the other hand, ceramic �ber-based materials for which

yield improvements have been reported by ISOLDE ex-

periments [1]. Aiming to combine the advantages of

both, a new development program was launched to pro-

duce nano�ber-target materials via electrospinning. In

this method, nano�bers are produced by creating a so-

lution of the bulk material precursor with a dispersed

polymer and then pushing it through a syringe needle

to which a large voltage is applied, leading to the cre-

ation of a Taylor cone where the solvent is broken down

and the electrically charged nano�bers are projected

onto a grounded (or inversely biased) collector surface

(see Fig. 3) [2].

Figure 3: General scheme for an electrospinning setup.
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This technique is already used in industry and has

proven to be highly versatile, allowing the creation of

highly uniform �bers (see Fig. 4), which would other-

wise require highly tailored and expensive deposition

methods. Moreover, electrospinning is considered to be

signi�cantly safer as the nano�bers are created inside

a polymer matrix (preventing airborne contamination).

Some materials produced by this technique present

improved thermal shock resistance, resistance to me-

chanical stress derived from irradiation and increased

stability even in the presence of localized structural de-

fects, allowing for longer runs without signi�cant degra-

dation of the isotope release [3]. Using this method may

also increase the number of elements covered and dif-

ferently structured target materials, helping to improve

the viability of experiments that would suffer from low

release ef�ciencies with existing materials, and even

potentially open up new radioisotopes for study, which

were too short-lived to ef�ciently extract from similar,

but micrometric target materials (ISOLDE has reported

online production of around 1000 isotopes from 74 dif-

ferent elements [4]).

Figure 4: SEM image of Ni acetate + PVA nano�bers after
heat treatment [5].

A modular commercial setup has been acquired.

Initial plans are focused on the production of ZrO2

nano�bers, as a micrometric equivalent is occasion-

ally requested by users of ISOLDE. The goal is to op-

timize the structure and to study, �rstly, microstructural

changes with increasing operational temperatures and

secondly, the structural impact of the polymer pyroly-

sis on the target material. Analytical techniques such

as mass spectroscopy, X-ray diffraction (XRD), He-gas

pycnometry, gas adsorption-desorption measurements

(BET) and scanning electron microscopy (SEM) will be

utilized.

Should viability be established for ZrO2, there are

plans to try HfO2 and Y2O3 (this is currently already a

nanomaterial-based target) and investigate the forma-

tion of carbides as an alternative to current conventional

carburization methods (such as UCx), or even other ap-

plications outside of target materials.

3 News from RILIS

In the 2021 physics campaign, the resonance ionization

laser ion source (RILIS) was used in 21 out 23 weeks

of operation. A recent upgrade of the observation and

stabilization system during LS2 now allows for delivery

of RILIS lasers to both HRS and GPS at the same time

- a feature that was already used at the end of the year

to avoid changing times while running a Dy collection

at GLM over night and providing Ac beams to users

throughout the day without switching delays. This new

mode will e.g. allow RILIS-ionized beams to be used

at GLM/GHM and at the central beam line via HRS in

parallel.

Investigations on the long-term stability of beam de-

livery in the deep UV range, being compromised by de-

posit build-up on transport optics, identi�ed certain dye

solvents as the main cause. Replacing these chemi-

cals with respective alternatives during operation led to

a substantial increase in operation time without need for

manual intervention; previously a RILIS operator had to

clean the optics every few hours. In the same project, a

new ionization scheme for Pb was developed that pro-

jected a 10-fold increase in ef�ciency compated to the

previously used one. The new scheme was employed

for a successful COLLAPS beam time a few months

later.

A new laser beam shutter system, made from old
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hard disk drives and Arduino control boards in a cost-

ef�cient and easily reproducible way, was introduced to

the users for easy software control via the ISOLDE con-

trol PCs. Besides being useful during dual-separator

operation, now multiple beams can be blocked individ-

ually to monitor their in�uence on the created ion beam.

3.1 A laser ion source at Of�ine 2

Comissioning of a dedicated laser lab for the Of�ine

2 separator was �nished this year, with the �rst laser-

ionized beam being samarium. The laser lab itself (see

Fig. 5) features the same laser systems as employed

at ISOLDE, thus also serving as an emergency back-

up system in case of critical failure of RILIS equip-

ment. Closely resembling the ISOLDE frontends, Of-

�ine 2 is the main development platform for ISOLDE

and MEDICIS laser ion source technology. Additionally,

coupling of lasers into the local copy of ISCOOL can be

performed. Ongoing projects include the investigation

of ion load limitations due to possible excessive con-

tamination, ef�ciency-preserving ways of improving ion

beam purity by exploiting the bunched time structure

imprinted by the pulsed laser system and fast ion beam

gating (Time-of-�ight ion source ToF-LIS).

Figure 5: Laser setup at the Of�ine 2 separator.

The recently developed Raman converters [6, 7], al-

lowing easier access to certain wavelength regimes by

shifting a standard laser output, were tested under re-

alistic ion source conditions and are con�rmed to be

applicable for ISOLDE on-line operation this year.

3.2 The (PI-)LIST for ISOLDE

The Laser Ion Source and Trap (LIST) provides a way of

producing clean ion beams at the cost of ef�ciency de-

crease [8]. Various proposals request this tool for inves-

tigations of isotopes with the same mass as heavily pro-

duced and surface-ionized contaminants such as fran-

cium or some lanthanides. A new RF voltage supply in-

frastructure for both frontends was installed, and electri-

cal coupling and functioning of the LIST con�rmed with

stable beam at the end of last year. Yield and con-

taminant suppression capability measurements for the

envisaged experiments are planned for just before start

of the 2022 physics campaign.

An important milestone towards the high resolution

operation mode of the LIST using perpendicular illumi-

nation (PI-LIST) [9, 10] was reached at the end of last

year, when the off-axis beam path through the extrac-

tion electrode was tested. Instead of being limited by

the Doppler broadening in the hot vapor of the hot cav-

ity, laser linewidth-limited resolution was demonstrated

(see Fig. 6). By using a dedicated narrow-bandwidth

laser, spectral resolution down to the 100 MHz regime

can be achieved, suitable for nuclear structure investi-

gations or isomer-selective ion beam production.

Figure 6: Linewidth comparison of standard RILIS in-source
operation and PI-LIST. The spectroscopic linewidth is limited
by the available laser instead of the Doppler broadening in
the hot cavity. A regime around 100 MHz is possible with a
suitable laser system.
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The combination of the PI-LIST with a recently de-

veloped Raman single mode laser is being tested at

Of�ine 2 in February 2022 to optimize operation param-

eters and explore limitations of the technique. An appli-

cation at ISOLDE is foreseen in the LIST yield measure-

ment period before the start of physics and for different

experiments throughout the year, where both frontends

have been equipped with PI-LIST-compatible extraction

electrodes.

4 LISA at ISOLDE

The Laser Ionization and Spectroscopy of the Actinides

(LISA) project [11] represents one of many endeavors

to develop knowledge in the heavy regions of the nu-

clear chart. The large community's growing scienti�c

interest in actinide species strongly motivated new de-

velopments to facilitate availability of actinide beams at

ISOLDE. During the re-commissioning of ISOLDE in

June 2021, a previously irradiated target was used to

study extraction behaviour of the actinides. ISOLDE

RILIS Ti:sapphire lasers were used to provide a se-

ries of two-step resonant ionization laser schemes for

long-lived species of the light actinides Ac, Pa, U, Np,

and Pu from a uranium carbide (UCx) target with a

hot cavity surface source. In combination with reso-

nant laser ionization, the beam composition was stud-

ied with the ISOLTRAP Multi-Re�ection Time-of-Flight

Mass Spectrometer (MR-ToF MS) [12], providing iden-

ti�cation by Time-of-Flight (ToF) mass measurements.

Atomic beams of Ac, U, Np and Pu were identi�ed by

laser resonance or ToF. Atomic laser-ionized Pa was

not observed, and Th was not attempted. This work

has identi�ed the target temperatures at which some of

these species start to be released as atoms from UCx .

Out of these, Pu was observed to be the easiest to ex-

tract in atomic form. The other actinide species were

only visible at high (2000 °C) target temperatures and

were only extracted with low intensities, con�rming the

challenge of ef�ciently extracting these refractory ele-

ments. The successful production of two new elements

at ISOLDE has motivated plans for further laser spec-

troscopy studies on these elements.

Extracting an isotope of interest as a molecule can

give some degree of chemical separation and change

the chemical properties of the actinide species, includ-

ing volatility, vapor pressure and adsorption enthalpy.

Molecular beams have been studied for decades at

ISOLDE [13, 14, 15, 16] as a way to enhance extraction

ef�ciencies of isotopes of interest, allowing the ISOL

target and ion source to provide high-purity beams for

otherwise refractory or contaminated beams such as

carbon [17] and boron [4]. Fluorine reacts with several

of the actinides to form molecules that are stable in the

high temperature environments presented by target-ion

source systems. This makes �uoride beams a promis-

ing potential avenue to get access to light actinides

and to study actinide molecules. The in-target volatility

of the actinide �uorides is unknown, along with many

chemical properties that make the actinide molecules

themselves interesting for topics in nuclear chemistry.

In July 2021, a target development campaign

was carried out using CF4 gas as a candidate for

molecular sideband extraction of the actinide elements

via formation of volatile �uoride molecules. Several

surface-ionizable actinide �uoride molecules were sta-

ble enough to survive the high-temperature environ-

ment of the target-surface ion source system and

were identi�ed with ToF mass measurements at the

ISOLTRAP MR-ToF MS. These studies give information

on some actinide molecules with low ionization poten-

tials and identi�ed some of the surface-ionized back-

ground and challenges involved for experiments inter-

ested in these beams. The results serve to facilitate

delivery of actinide and actinide molecular beams at

ISOLDE. The development campaign motivated a sim-

ilar experimental plan for 2022 in which the actinide

�uorides will be revisited with improved mass resolv-

ing power at the ISOLTRAP MR-ToF MS and a different

ion source to give access to molecular sidebands with

higher ionization potential. The aim of the campaign is

to study extraction properties and production of the ac-

tinide molecules. Some of the actinides may form even

heavier �uoride molecules which are of interest for ex-
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traction and molecular breakdown studies.

This project has received funding from the Euro-

pean's Union Horizon 2020 Research and Innovation

Programme under grant agreement number 861198

project `LISA' (Laser Ionization and Spectroscopy of

Actinides) Marie Sklodowska-Curie Innovative Training

Network (ITN).

5 Of�ine developments for molecular

beams

Recent interest in radioactive molecules [18] has

pushed developments for speci�c molecular beams for

fundamental physics research [19]. The ISOLDE Of-

�ine 1 and 2 mass separator facilities are crucial for

these molecular beam developments. Many fragile

molecules dissociate in the high temperature environ-

ment of the various ISOLDE targets and ion sources,

making them dif�cult to deliver as ion beams. An alter-

native route to make and deliver speci�c molecules is to

use ion trap environments for low-temperature molec-

ular formation in the ISOLDE beam line, far from the

target and ion source. Molecular formation from the

primary mass-separated beam has already been ob-

served in both the ISCOOL RFQcb and the ISOLTRAP

RFQcb at ISOLDE, likely due to collisions with contam-

inants in the buffer gas. The use of buffer gas gives

a mechanism to deliberately inject species for molecu-

lar formation with the radioactive ion beam. Formation

of long-lived RaOH+ has already been observed in an

ion trap environment [20]. Development of a gas mixing

and injection system is ongoing at the ISOLDE Of�ine

2 facility, along with the design of a mass separation

device after the of�ine RFQcb to identify and systemat-

ically study the in-trap formation of the molecules.

6 News from the ISOLDE fast tape-

station

The employment of an adequate radioactive decay de-

tector setup is essential for the operation and quality

control of radioactive ion beams (RIBs) produced at

ISOLDE. Not only is it required as primary asset for the

determination of production yields during each physics

experiment, it is also used as a diagnostic tool (proton

beam alignment, beam composition) during beam com-

missioning. The new Fast TapeStation (FTS) is an up-

grade of the previously installed setup, utilized for more

than 40 years until 2018, and represents an optimiza-

tion in terms of noise and timing. In detail, it consists

of a vacuum chamber with four detector positions (P0-

P3), where P0 hosts an in-beam � -detector, P1 a 4�

� -detector, P2 a HPGe detector for the measurement

of 
 -radiation and P3 is not yet used (see Fig. 7).

Figure 7: ISOLDE Fast TapeStation installed at CA0. The la-
bels indicate detector positions: P0 in-beam � -detector, P1
4� � -detector, P2 
 -detector, P3 empty (� -detector in the fu-
ture).

The new FTS reduces transport times to � 150 ms

compared to � 1000 ms in the old design. Further-

more, the in-beam detector enables detection of very

short-lived radioisotopes. Noise issues have been im-

proved by employing � -detectors based on silicon pho-

tomultiplier (SiPM) 3x3 arrays with integrated Front End
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