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Introduction

Sean J Freeman

Welcome to the 2023 ISOLDE Newsletter!

The past year was a very good one for ISOLDE,

getting back to a normal as COVID restrictions grad-

ually disappeared - although perhaps it is a new kind

of normal in some respects! The ISOLDE Facility con-

tinues to be very productive, as you will see from the

articles in this newsletter. During the 2022 running pe-

riod, there were 52 experiments, including a very suc-

cessful CRIS experiment on radioactive AcF molecules

performed as Winter Physics with a pre-irradiated tar-

get. In total, more than 520 users visited the Facility

from all around the Globe for experiments and around

20% were women. One of the pleasures of being based

at CERN is meeting many of these diverse visitors.

The running period began with low-energy experi-

ments in March with some exciting highlights. Spins,

moments and radii of Te isotopes near to 132Sn were

measured with COLLAPS. VITO saw resonances of

K ions in DNA complexes for the first time. The re-

furbished Total Absorption Spectrometer was used to

study neutron-rich Zn. CRIS performed laser spec-

troscopy experiments of Al isotopes into the island of in-

version. The Decay Station had several interesting runs

this year, particularly for Ac and Po decays and enjoyed

some unusual publicity, shown in Figure Fig. 1. The

solid-state programme was productive including exper-

iments on multiferroics, perovskite materials and colour

centres in diamond. Miniball was welcomed back and,

newly refurbished, it started its campaign with Coulex

studies of 130Sn and ended with a measurement of
182Hg, where electron-
 measurements with a radioac-

tive beam where performed for the first time without the

use of magnets for electron transport using SPEDE.

Six different HIE-ISOLDE beams from 11Be to 110Sn

were used to initiate (d ,p) reactions in the Solenoidal

Spectrometer, which is now well into data production

mode. And some novel targets composed of helium

gas trapped in a silicon nanomatrix were used to mea-

sure � elastic scattering using Sn beams with relevance

to the astrophysical p process. Tin was "flavour of the

month" being delivered an entire four-week period by

HIE-ISOLDE in the autumn. There’s always a danger in

selection of highlights, so it is probably wise to say that

there were too many excellent experiments to mention

them all here!

Figure 1: Festival des Images in Vevy, 2022. IDS poster by
Thomas Struth. Photo credit: Chris Page.

Important steps have been taken in the develop-

ment of an improvements programme for ISOLDE. The

ideas that were developed during the collaboration

workshops in 2019 and 2020 were classified into two

different groups: those that could be implemented on

the timescale up to and including Long Shut Down 3

and longer term aspirations. The major elements of the

mid-term improvement programme are the replacement

of the proton beam dumps and upgrade of the BTY line

to deliver 2-GeV protons, but a series of other improve-

ments and consolidation items are included.

During the summer, tests were run using a 1.7-GeV

proton beam at reduced intensity to compare yields with

those at 1.4 GeV. Overall these tests verified the results

of simulations, giving faith in their predictions for yields

at 2 GeV. After replacement of the dumps, the com-

bination of increased proton energy and the possibility

for increases in intensity will significantly improve many

https://isolde.web.cern.ch
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radioisotope yields. This should enhance the capac-

ity of the facility as some experiments will take shorter

times to execute. In other experiments, increased yield

will give greater statistics with more detailed and higher

precision results. And it will allow experiments on new

radioisotopes, improving the capability of ISOLDE. The

other improvements will address the cryo-system for

HIE-ISOLDE and a 5th cryo-module, consolidation of

REX amplifiers, RILIS infrastructure developments, im-

provements to fire safety and smaller items.

The technical aspects were discussed amongst col-

leagues from across many groups in the Accelera-

tor and Technology Sector (ATS) at a special mini-

workshop in October, and were presented to the CERN

Joint Accelerator Performance Workshop in December.

In parallel, discussions at the ISCC were followed by a

Letter of Intent (LoI) summarising the scientific justifi-

cations to the INTC in February 2023. A previous LoI

on 2-GeV delivery, authored by Maria Borge, Magda

Kowalska and Thierry Stora, was a very helpful starting

point. Scientific and technical threads were brought to-

gether in a discussion at the Research Board in March.

This process has been a lot of work, particularly from

our colleagues in the ATS and I am very grateful for

their efforts. For several different reasons, there were

elements of the programme that required more urgent

funding so these, along with fire safety initiatives, have

been put into the CERN Medium Term Plan (MTP) 2023

that was considered by Council in June. As you might

imagine, there is some uncertainty over costs of ex-

cavation works for the beam dumps; over the coming

months estimates will be refined and the improvements

programme undergo cost review in the autumn. Follow-

ing that, a decision can be made about inclusion in the

MTP 2024 so that work can be planned ahead of LS3.

The financial climate is not easy, but feedback has been

very positive, so keep your fingers crossed!

The longer term improvements are larger in scale

and cost. The timescales for project development and

approval place them into the period where the post-

LHC future for CERN becomes relevant. We will have

to remain agile and try to develop and align our longer

term goals for ISOLDE with CERN’s emerging strat-

egy, but we have started conversations with the various

post-LHC projects to identify opportunities.

Open Science is an increasingly important aspect of

research and many funders are now making it a require-

ment. The desires of member states is also reflected in

a new CERN Open Science Policy. The ISCC has de-

veloped a policy suitable for ISOLDE, along with advice

for ISOLDE Spokespersons, that has been circulated

and can be found on our web page. For EURO-LABS

funding, we are required to keep a record of the neces-

sary Open Data arrangements, which we tried to cap-

ture as a very short questionnaire when beam requests

are made, trying to reduce administrative burdens as

much as possible. A quick reminder to make publica-

tions open access and to ensure that EURO-LABS sup-

port is credited in publications, theses and talks: “This

project has received funding from the European Union’s

Horizon Europe Research and Innovation programme

under Grant Agreement No 101057511.”

The order of individuals on a publication is a very

crude tool for signalling different levels of contribution

amongst authors. So, it can be a source of worry, es-

pecially for early career researchers who are keen for

their contributions to be recognised. It might not be so

well known that conventions on the author list varies

between different fields and even within them. Some

areas of physics flag individuals who made big contri-

butions at the start of the list, others are strictly alpha-

betical and, indeed, in some areas the last author on

the list is the important one! One way to make your

contributions clear is to add a short sentence for each

item in the publication list in your CV, concisely describ-

ing what you brought to the research. At least then your

contribution is clear when you are applying for jobs, and

that is often when such things matter most.

A quick reminder to everyone to use necessary per-

sonal protective equipment in the ISOLDE Hall and fol-

low the approved procedures concerning your activities.

EP Safety is available to help you with any ISOLDE re-

lated work; if you have any concerns or if a procedure

does not seem appropriate for your activities, they are
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on hand to discuss and advise. I have been working

with them in a number of areas where I have found them

to be very supportive.

It was great to host the 2022 ISOLDE Workshop in

person, the first opportunity since before the pandemic.

After having larger numbers of registrations for the pan-

demic online events, we decided to try a hybrid meet-

ing. There were a couple of minor IT issues, but on the

whole worked well with 121 people on site at CERN and

100 joining online, representing together more than 25

different countries. It was an great event with lots of in-

teresting science and excellent presentations. Congrat-

ulations to the prize winners (Peter Plattner, Silvia Bara,

Tobias Treczoks and Ralita Mancheva) and thank you

to our sponsors, CAEN. Those of us who were there in

person were able to enjoy a traditional fondue with ac-

companying alpine horns; the yodelling was a surprise,

even for the organisers!
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News for users 2023

Follow us on Twitter: @ISOLDEatCERN

ISOLDE schedule 2023
The physics period in 2023 started on April 20th and

will run with protons until October 30th. This relatively

short running period is due to a CERN-wide reduction

of 20% for all accelerators in 2023 due to energy con-

siderations. The most affected scientific programme

due to these restrictions are for the post-accelerated

experiments, and priority will be given to them in the

latter part of the year. The relatively early stop with pro-

tons will allow for up to three weeks of winter physics

including it is hoped at least one for a HIE ISOLDE ex-

periment.

The schedule up to week 39 for 2023 can be found

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

maining part of the schedule will be published in the

coming weeks.

As in 2022, EUROLABS TNA support will be avail-

able and spokespeople of scheduled experiments will

be contacted in advance of their experiments running

by Jenny.

Preliminary dates for start-up in 2024 are as follows:

• Start of low energy Physics

– 8th April 2024, or week thereof.

• Start of High Energy Physics

– Tentatively, towards 3rd week of July.

The end of protons in 2024 is likely to be around the end

of October, again due to energy considerations, but this

may change depending on the situation.

The above dates are preliminary, and have yet to be

approved at various CERN committees until the end of

2023. The final dates will be approved at the Research

Board in December 2023.

Proximeters
A recall campaign is currently in place for the return

of all proximeters issued during the Covid-19 pandemic.

Local users at ISOLDE have already mostly returned

theirs, but if there are users who have a proximeter ei-

ther at their home institute or which may be in a drawer

in an office or lab at CERN, please let Jenny know so

that they can be accounted for.

User registration for 2023

A full description of the procedure for registering at

CERN is given at the end of this newsletter. Please note

that PRT no longer exists, and has now been replaced

by a new form: PREG (Pre-REGistration). This form

will be the basis for registering all users for ISOLDE ex-

periments.

As in 2022: the teamleader and deputy teamleader

who sends the information must have a valid CERN

registration. This also applies to paper forms which

have been signed at the visiting institute. Please regis-

ter under "ISOLDE" as your experiment and "USER"
as status.

INTC meetings in 2023

The last remaining INTC meeting in 2023 is the fol-

lowing:

• 74th meeting of the INTC

– November 7th and 8th. The dead-

line for submission of proposals is

September 26th 2023.

The preliminary date for the first INTC in February

has been set for 7th and 8th of February, with a dead-

line for submission likely to be 10th January. This will

be confirmed later in the year.

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

https://isolde.cern
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of such meetings. The open session will take place in

the presence of the committee, but all presentations will

be given using zoom.

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). The links to these

courses can be found here

– Mandatory courses for everybody at CERN:

* Emergency evacuation

* Radiation Protection - Awareness

* Safety at CERN

* Computer Security

* Data Privacy Basics - elearning

– Additional courses for ISOLDE users:

* Electrical Safety Awareness - Facilities

* Electrical Safety Awareness - Funda-

mentals

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.

• 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 floor of 508 where solid state

physics perform chemistry also have their

own access. Please 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.

Visits to ISOLDE
Visits to ISOLDE can be arranged by contacting

isolde-visits@cern.ch.

A typical visit consists of an overview presentation

in the visitors’ area in building 508 and –– when pos-

sible –– a tour of the ISOLDE facility itself along the

pre-arranged visit path. In the event of a machine in-

tervention or a conflict with physics which happens to

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

visitors remain in the 508 gallery area. Please note that

weekend visits of groups are no longer possible and

5

https://www.cern.ch/adams
lms.cern.ch
https://lms.cern.ch/ekp/servlet/ekp?TX=STRUCTUREDCATALOG&CAT=EKP014046909
https://edms.cern.ch/ui/file/2539300/1.0.0/2021-06-02.memorandum-annex1.safety-training_electrical-safety_working-in-EP-experiments.v-1-0-0.pdf
mailto: safety-training@cern.ch
mailto: isolde-visits@cern.ch


are not advised for individuals except in exceptional cir-

cumstances. The possibility of a fully virtual visit also

now exists, which can be 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 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: "The research leading to

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

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 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 �eld 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 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.

Open data

Please note that having an open data management

programme is now a requirement for the receipt of EU-

ROLABS support. All experiments are now requested

to provide information about their Open data policy at

the time of beam requests. ISOLDE has also recently

published an open data policy, following approval by the

ISCC, and this can be found here.

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
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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

Emittance Measurements at ISOLDE

Niels Bidault for the ISOLDE Emittance Meter team

Emittance measurements play an important role in

beam quality optimization, and a low beam emittance

is often critical in high-precision experiments. We mea-

sured the emittance of beams produced at ISOLDE to

verify that they meet the desired quality requirements in

the scope of the PUMA project.

To probe the phase space of low-energy ion beams,

two Allison scanners were provided by colleagues from

TRIUMF. The main elements of this diagnostic tool are

a front slit, two de�ecting plates, a rear slit and a Fara-

day cup. The position density pro�le of the beam is

sliced through the front slit, and the transverse velocity

components of the beam are scanned by the rear slit

while applying potentials to the de�ecting electrodes.

The main �gures of merit of the Allison scanner are de-

scribed in [1]. The minimum achievable resolution due

to the slits' opening and the general geometry of the

detector is 0.03 mm�mrad. The Allison scanners were

�rst installed and commissioned at the Of�ine 2 facil-

ity (page 10), which included the development of re-

quired control systems, determination of beam intensity

limitations and �rst test measurements. Subsequently,

they were installed at the end of the RC6 beam-line in

ISOLDE to measure the typical beam properties, rele-

vant in the context of the PUMA project.

Surface ionized 39K ions with 30 keV beam energy

were produced at GPS and delivered to RC6. Excel-

lent beam transmission of about 95% was achieved us-

ing the reference setups provided by the ISOLDE ma-

chine operators. The total beam intensity in RC6 was

limited to 80 nA to maximize the signal-to-noise ratio

while avoiding space charge effects. Figure 1 shows

the phase space measured for each transverse plane,

which are rotated by 45° compared to the horizontal

and vertical axes. Emittance values and Twiss parame-

ters were determined for an ellipse of size 1� , including

39% of the beam particles. RMS errors are estimated

Figure 1: Transverse phase space measured from both emit-
tance meters installed at the end of the RC6 beam-line.

to be � 0.2 mm.mrad. The apparent asymmetry in

the transverse beam emittance is to be expected from

the multiple de�ections to RC6 or points of reduced

acceptance during transport. The emittance meters

https://isolde.web.cern.ch
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are now re-installed at OFFLINE2 to characterise the

beams produced from different ion sources.

References

[1] A. Laxdal, et al., Linac14 pp. 829–833 (2014).
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The Of�ine 2 Facility

Maximilian Schuett, Sebastian Rothe
for the STI RBS section

The Of�ine 2 mass separator laboratory is part of

the CERN-ISOLDE Of�ine facilities - a suite of instal-

lations required to perform essential quality control on

target and ion source units before irradiation at CERN-

ISOLDE. The facility is also used for extended prepara-

tory of�ine studies as a prerequisite before conducting

any beam development on-line. The Of�ine 2 separa-

tor resembles the on-line CERN-ISOLDE Frontend with

respect to beam instrumentation, gas delivery system,

laser ionization and the equipment control system. The

facility is able to generate DC as well as bunched non-

radioactive beams up to an energy of 60 keV. The ion

beams can be cooled and bunched in an unmodulated

RFQcb.

1 Simulations & RFQ preparations

Figure 1: Beamline envelopes in the horizontal and vertical
plane of the Of�ine 2 facility from the ion extraction electrode
to the entrance of the RFQ.

In order to �nd a suitable beam dynamics solution

the following constraints have to be considered: To in-

crease mass separation, a slit has been integrated be-

hind the dipole and the RFQ has an entrance aperture

of 4 mm. Therefore, the quadrupoles have to be ad-

justed in both horizontal and vertical planes, to focus

the beam into the RFQ. The beamline simulations are

calculated with the PIC code Tracewin including space

charge (see Fig. 1). The input Twiss parameters have

been calculated according to the worst assumption of a

beam �tting through the extraction electrode of the ion

source being defocused.

For overall beam-simulations including the RFQcb,

the 3D �elds of the RFQ have been simulated - both

DC and RF �elds. To transversally con�ne the ions, the

longitudinal DC potential is overlayed with a quadrupol

RF �eld and the ions are gathered at the end of the

quadrupole channel. The simulated longitudinal DC

�eld along the beam axis is shown in Fig. 2.

Figure 2: Longitudinal DC potential along the full RFQcb
beam axis in transmission mode (solid) and bunching mode
(dashed). The graph below shows a zoom on the inner
ramped DC �eld where the RF �eld is present.

2 Outlook

The next important step for studying molecule forma-

tion is the commissioning of the RFQcb and to increase

transmission. Downstream from the RFQcb a Wien �l-

ter, Einzel lens and detectors have to be installed.

https://isolde.web.cern.ch
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RIB Applications

Applying � -NMR in biochemistry: 47K and DNA G-quadruplex interaction studies

Results of experiment IS666 Tobias Patrick Treczoks for the BetaDrop NMR Team

The � -NMR beamline at ISOLDE has proven its

capabilities in the �eld of nuclear spectroscopy, en-

abling measurements with hundredfold increased pre-

cision compared to conventional NMR [1]. In 2021 the

setup received a number of major upgrades, including

a new superconducting 4.7 T magnet and a new data

acquisition system. These improvements and achieve-

ments paved the way towards novel applications of � -

NMR in the �eld of biochemistry. Hence, studying the

interaction of DNA G-quadruplexes with beams of K iso-

topes, as planned in experiment IS666 [2, 3], was the

main objective of the measurements in the past year.

Alkali metals, such as potassium, are considered to

be among the most dif�cult NMR-active nuclei, but their

observation can provide new details on the structure

and dynamics of these DNA structures [2]. First, dif-

ferent K isotopes were polarised, proving 47K to be the

most sensitive isotope for these measurements.

Figure 1: Rendering of the new liquid sample holding system
including the sample holder and the sample liquid reservoir,
openable from the outside.

To host the biological samples, ionic liquids and

deep eutectic solvents, such as EMIM-DCA and Gly-

choline [4], were used. Despite their low vapor pres-

sure, introducing liquids into a high vacuum setup

poses some technical challenges. The molecular tum-

bling inside the liquid should provide a narrowing of

the NMR resonances with respect to solid state sam-

ples. However, the �rst measurements showed a spec-

tral broadening of the resonance peaks over time, due

to outgassing of the liquid.

In order to tackle this issue, a new sample holding

system was developed. The new system introduced an

in-vacuum liquid reservoir, that could be opened from

outside the beamline. This design (see Fig. 1) allowed

the sample to be refreshed without venting the beam-

line.

Figure 2: � -NMR resonances of 47K in Glycholine samples
over time.

During the beamtime in November 2022 this sys-

tem was successfully used. With the option to renew

the sample when required, measurements were con-

ducted without interruptions even over several shifts.

The width of the measured � -NMR resonances stayed

https://isolde.web.cern.ch
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consistently small over that time, in the range of 5 ppm

as shown in Fig. 2.

In the upcoming year, the team will turn towards

new challenges and further applications of our tech-

nique. Precise magnetic moment measurements of the
11Be halo nucleus [5] are part of this plan along with � -

decay spectroscopy studies of neutron-rich potassium

isotopes [6].

References

[1] R. D. Harding, et al., Physical Review X 10 (2020).

[2] B. Karg, M. Kowalska, and others, INTC proposal,

CERN-INTC-2020-034 / INTC-P-560 (2020).

[3] B. Karg, M. Kowalska, INTC proposal, CERN–

INTC-2022-001, INTC-P-560-ADD-1 (2022).

[4] K. M. Dziubinska-Kühn, et al., ChemPhysChem

23(10) (2022).

[5] M. Bissell, et al., INTC proposal, CERN-INTC-2023-

014; INTC-P-655 (2023).

[6] M. Piersa-Si�kowska, et al., INTC proposal, CERN-

INTC-2023-026 ; INTC-P-662 (2023).

12



ISOLDE Newsletter 2023

Production of metastable xenon nuclei for gamma-MRI

Results of IS691 Mateusz Chojnacki and Karolina Kulesz
for CERN gamma-MRI team

Gamma-MRI is a project devoted to developing a

new imaging modality based on the detection of asym-

metric gamma emission from aligned unstable nuclei,

and change of this asymmetry upon RF excitation in

a gradient magnetic �eld. It should pave the way to

a new medical imaging modality, capable of overcom-

ing the limitations of existing imaging techniques: MRI,

SPECT and PET [1].

The study will use 11/2� isomers of three xenon

isotopes: 129mXe (T1=2=8.88 d), 131mXe (T1=2=11.84 d)

and 133mXe (T1=2=2.19 d). In 2021, three methods of

their production were tested [2].

The �rst method allows to produce 129mXe and
131mXe via neutron irradiation of stable xenon isotopes
128Xe and 130Xe enclosed in quartz ampoules inside

a reactor core. In 2021, the irradiation took place at the

ILL reactor in Grenoble (the strongest thermal neutron

�ux in the world: 1 � 1015 n/s�cm2). The quartz am-

poules prepared at ISOLDE were irradiated for 7 days.

After returning to CERN, they were opened and trans-

ferred to transport vials in a specially prepared setup

(Fig. 1) by using an LN2 trap. Gamma spectroscopy

before and after the procedure showed that the transfer

ef�ciency was 84% (the �nal activities: 170-240 MBq).

As the ILL reactor will shut in 2022, the irradiation are

now planned at the Maria reactor in Poland, which has

the second strongest thermal neutron �ux in the world

(2 � 1014n/s�cm2).

The second method is based on production from

UCx target and plasma ionization at ISOLDE. This

method access to be produced all three mXe isotopes.

In 2021, we tested online production at GPS (with pro-

ton on the target) and of�ine production (the target was

irradiated behind the regular HRS target a few days

prior to being placed at the GPS position). The mXe iso-

topes were implanted in gold foils at the GLM collection

chamber, extracted after heating the foils to 300-400oC,

and collected in transport vials. Gamma spectroscopy

of implanted gold foils showed that all three Xe isomers

are produced in both modes. However, the extraction

in of�ine mode provides less intensity. The ratios of ac-

tivities produced for online and of�ine mode are: 30 for
129mXe, 40 for 131mXe and 2 for 133mXe.

Figure 1: The setup for opening quartz tubes with 129mXe,
131mXe .

The last method of production uses 131I (T1=2=8 d)

which decays to 131mXe (branching ratio: 0.39%). In

2021, a sodium iodine powder (NaI) was used as a

source of 131I, commonly used in nuclear medicine. 131I

was decaying to 131mXe for several days inside a spe-

cially prepared setup, then 131mXe was extracted from

the powder by heating it to 100-200oC. Up to 100 kBq

were obtained from 50 MBq of 131I. For the GBq sample

of 131I, several MBq of 131mXe should be reached. The

main disadvantage of this method of production that

during the heating process gaseous chemical contami-

nants are produced from NaI powder excipitiens (useful

in therapeutic applications).

https://gamma-mri.eu/
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Structural formation yield of Ge V centers from implanted Ge in diamond

Results of experiment IS668 Ulrich Wahl for the EC-SLI collaboration

Group-IV vacancy centers in diamond are, thanks

to their symmetry properties (split-vacancy con�gura-

tion), of high interest as spin-photon interfaces for a

number of quantum applications [1]. In the case of

GeV, the larger orbital ground state splitting would al-

low for operation at maximum temperatures 0.4-8 K,

compared to 0.1-2 K for SiV. However, the reliable and

reproducible fabrication of GeV defects has remained a

key challenge for practical development of GeV-based

devices. In that respect, the formation yield of optically

active GeV following ion implantation was reported to

be as low as 0.4-0.7% [2], considerably lower than for

Si or Sn (� 2.5%).

We investigated the lattice sites of 75Ge (t1/2=83

min) as a function of implantation (Ti ) and annealing

temperature (Ta) in single-crystalline CVD diamond.
75Ge was introduced as a decay product of 30 keV-

ion implanted short-lived 75Ga (126 s). Two samples

were studied: a) higher �uence ( � 2x1013 cm – 2 per im-

plantation step), studied with 3 different beam spots for

Ti= RT, 300°C, 600°C and Ta= 300°C, 600°C, 900°C,

and b) lower �uence ( � 2x1012 cm – 2 per step), with a

single beam spot as function of Ti= RT, 300°C, 600°C,

and 900°C. The results (Figure 1 ) show the majority

of Ge on substitutional sites following RT implantation,

with only a fraction of � 23% on BC sites, evidencing a

lower structural formation ef�ciency of the Ge V com-

plex in comparison to other foreign atoms, e.g. Sn, Mg

or Xe. Moreover, following annealing or implantation at

high temperatures, the BC fraction decreased further

to 6-9%. No major difference was found between the

higher- and lower-�uence samples.

The major conclusions of the study are that GeV

forms directly during RT implantation, hence no anneal-

ing is required for its creation. On the contrary, increas-

ing temperature seems to transform GeV into substi-

tutional Ge, indicating that GeV is thermally unstable.

While the structural formation yield of GeV was found

to be low, it appears a factor of � 10 higher than its op-

tically active formation yield. Further investigations will

center on low-temperature implantation and exploring

whether post-implantation creation of vacancies (e.g.

by irradiating the sample with other ions) has a ben-

e�cial effect on Ge V formation.

Figure 1: Fitted fractions of 75Ge on S and BC sites and
sum of both as functions of annealing temperature (higher-
�uence sample, top) and implantation temperature (lower-
�uence sample, bottom).
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MULTIPAC - Setup for Perturbed Angular Correlation Experiments in Multiferroic
(and Magnetic) Materials

Results of experiment LOI249 Nicole Pereira de Lima, Alexandre Pinho dos Santos
Souza for the SSP collaboration

The ISOLDE MULTIPAC setup is a state-of-the-art

instrument system installed at CERN in building 275

that consists of a complete spectrometer device de-

signed to measure Time Differential Gamma-gamma

Perturbed Angular Correlation (TDPAC). Its design en-

ables scientists to impose variable conditions on the

sample environment during measurements, such as

temperature and magnetic �eld. In its initial con�gura-

tions, the system allows magnetic �elds up to 8.5 T and

a temperature range between 4 K and 325 K; however,

new devices can be purchased to enhance the temper-

ature limit up to 1000 K or even to add new sample

measurements characteristics like resistivity or thermal

capacity. This unique cryogenic magnetic system also

possesses digital TDPAC and software, including dig-

itizers, LaBr3 scintillation crystals, and multi-pixel pho-

ton counters. All these characteristics make the MULTI-

PAC setup a complete system for performing the whole

process of creating different environments for studying

samples, detecting correlated gamma rays, and analyz-

ing correspondent data [1].

Figure 1: MULTIPAC setup being installed at ISOLDE in
November 2022. Photo by Nicole Lima.

At ISOLDE, the TDPAC technique has been used to

study hyper�ne interactions for more than four decades,

resulting in a great number of achievements and cor-

related publications. Data derived from this technique

can give scientists a lot of information about the hyper-

�ne magnetic �eld and the electric �eld gradient [2]. In

addition, the very local nature of the TDPAC technique

allows it to provide important information about the en-

vironment around the probe nuclei. Within this informa-

tion, one can infer different macroscopic characteristics

of the sample, such as local magnetism and local sym-

metry changes, as well as dynamic processes in a cer-

tain frequency window due to charge movement or spin

�uctuations.

MULTIPAC's contribution to the solid-state physics

community is unprecedented. As a result, new re-

search projects and partnerships with ISOLDE-CERN,

involving postgraduate students and other researchers

from internationally renowned universities and institu-

tions, are expected. For instance, the MULTIPAC team

has been able to establish material projects that should

present new results of measurements in the near future,

e.g., RMnO3 and RMn2O5, where R is a rare-earth ele-

ment such as Ho or Tb.

This project has received funding from the Fed-

eral Ministry of Education and Research (BMBF) under

grants 05K16PGA, 05K22PGA and 05K22PGB.
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ASPIC News

Results of experiment LOI248 Levy Scalise, Juliana Schell for the SSP collaboration

ASPIC, the Apparatus for Surface and Interface

Physics, is a unique tool developed for ISOLDE-CERN.

Its objective is to exploit hyper�ne techniques in sur-

faces, thin �lms, and multilayered systems. This is

achieved through the use of Time-Differential Perturbed

Angular Correlation Spectroscopy (TDPAC) in an ultra

high-vacuum environment (UHV). ASPIC also enables

surface preparation and thin �lm growth to be carried

out in situ [1].

ASPIC uses Ultra-Low Energy (ULE) Ion Implanta-

tion for precise surface modi�cation. Ions are slowed

down to 20 eV before impact, coming to rest in the

�rst few monolayers and eliminating the need for post-

implantation annealing. This minimizes the energy de-

posited and defect creation, leaving structures pris-

tine. The ability to freely select the implantation energy

opens new avenues for surface and 2D material stud-

ies.

When the results obtained by the TDPAC technique

are complemented with ab initio simulations and con-

ventional characterization methods, local phenomena

at the surface and interface of materials can be ex-

plored and unique information can be obtained [2].

ASPIC has recently undergone an upgrade of its

experimental capabilities with the introduction of the

ASCII chamber. Like the original ASPIC chamber, it is

maintained at ultra-high vacuum (� 10� 9 mbar). It has

three main components: the de�ector plates near the

ion beam inlet, the deceleration stage, and the sample

manipulator [3].

The upgrade provided by the German Federal

Ministry of Education and Research has expanded

the experimental capabilites of ASPIC, enabling re-

search into hyper�ne techniques across various sys-

tems. ISOLDE's pioneering work in surface and inter-

face physics shows great potential for the future [4].

The authors would like to acknowledge the Fed-

eral Ministry of Education and Research (BMBF),

which supported this project with grants 05K19MG1,

05K16PGA, and 05K22PGA.

Figure 1: The ASPIC setup, being upgraded at the Georg-
August-University Göttingen. The main body of the chamber
has a diameter of around 330 mm (i.e., DN275), and depth
of 600 mm. Source: [3].

Figure 2: The ASCII chamber, now at ISOLDE-CERN, be-
ing prepared for installation. Photo taken in February 2023.
Source: the authors.
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First spectroscopy of AcF during winter physics at CRIS

Results of experiment IS706 Michail Athanasakis-Kaklamanakis
for the CRIS collaboration

The spectroscopy of radioactive molecules has re-

ceived a lot of attention as an avenue for precision tests

of the Standard Model (SM) [1]. High-precision spectro-

scopic experiments search for tiny signatures in molec-

ular spectra that stem from electronic and nuclear mo-

ments that violate CPT symmetries at levels beyond the

predictions of the SM [2]. The sensitivity to these mo-

ments is maximized in molecules containing heavy and

deformed nuclei, which tend to be radioactive.

Because of the complications that radioactivity intro-

duces, most radioactive molecules proposed for such

precision tests have never been studied experimentally.

The CRIS collaboration at ISOLDE performed the �rst

experimental study of RaF in the past years [3], which

has received a lot of theoretical attention for its sensi-

tivity to the electric dipole moment of the electron and

nuclear-spin-dependent parity violation [4].

In 2022, as part of nuclear- and atomic-structure ex-

periments on Al, Ag, and U� , the CRIS collaboration

continued its activities on radioactive molecules with the

�rst laser spectroscopy of 227AcF, following the of�cial

end of protons at CERN. Actinium mono�uoride has

been identi�ed for its sensitivity to the nuclear Schiff

moment of the Ac nucleus [5], which emerges as a

result of strong CP violation and whose measurement

would thus probe the limits of the SM [2]. As all actinium

nuclei are radioactive, with 227Ac having the longest

half-life of just 21.8 years, experiments at radioactive

facilities like ISOLDE are needed even for the �rst spec-

troscopy to identify its electronic levels.

Ab initio calculations of AcF predicted a rich elec-

tronic structure. Guided by the predictions, the CRIS

team deployed a total of 14 continuous-wave and

pulsed lasers, covering a range of 350-950 nm, to

search for all states.

Despite an unexpected source of spectroscopic

background that complicated the search for electronic

states, CRIS successfully recorded the �rst known laser

resonance in AcF, within just 350 cm� 1 from the corre-

sponding prediction. A spectrum of the vibrational sub-

structure of this electronic transition is shown in Fig. 1.

As this transition preserves the sensitivity to the nuclear

Schiff moment that theory suggests, the CRIS experi-

ment is a �rst step towards future precision tests of the

SM using AcF. The help of the ISOLDE technical teams

is gratefully acknowledged in this project.

Figure 1: First optical spectrum of vibrational-electronic tran-
sitions in AcF, measured with CRIS in 2022. Results are
preliminary.
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Mass measurements in 2022 and a new Mini-RFQ buncher for beam puri�cation

Daniel Lange, Lukas Nies and Christoph Schweiger
for the ISOLTRAP collaboration

The ISOLTRAP [1] mass spectrometer performs

high-precision mass measurements on radioactive ions

at ISOLDE/CERN, which are used to determine the

atomic mass of radioactive nuclei. This mass is unique

to each isotope and re�ects the masses of the con-

stituents as well as the forces binding them together.

These measurements contribute to our understand-

ing of nuclear structure, nuclear astrophysics, neutrino

physics, and weak interaction studies.

ISOLTRAP uses various ion traps, including a

tandem Penning-trap system and a Multi-Re�ection

Time-of-Flight mass spectrometer (MR-ToF MS). The

latter is suitable for both mass separation and fast pre-

cise mass measurement. With the implementation of

mass-selective ion ejection from the MR-ToF via the

pulsed in-trap lift [2] and active voltage stabilization

for the mirror electrodes [3], isobaric mass separation

with a resolving power of up to 5 � 105 was recently

achieved [4].

In July 2022, neutron-rich zinc beams were de-

livered by a target with a quartz transfer line for the

suppression of isobaric contamination [5]. Using the

MR-ToF MS, yields were measured out to 82Zn. Follow-

ing up past ISOLDE results from a transfer-reaction [6]

and laser-spectroscopy [7] on 79Zn, the 9=2+ ground

state and 1=2+ isomeric state were well separated in

the device, enabling a direct excitation-energy mea-

surement. A time-of-�ight spectrum of the clean A = 79

beam is shown in Fig. 1. This precision result now en-

ables the investigation of possible shape coexistence in
79Zn using large-scale shell model calculations.

However, for most rare isotopes, precision mea-

surements are impeded due to low production cross-

sections and, especially, isobaric and molecular con-

tamination (see Fig. 2(b) and Fig. 2(c)).

Figure 1: Time-of-�ight spectrum for the A = 79 ISOLDE
beam from a UCx target with quartz transfer line and laser
ionization tuned for zinc. The ground (left) and isomeric
(right) states are well separated.

This was observed, for example, during the mea-

surements of neutron-de�cient tin isotopes in Septem-

ber 2022. There, the tin yields were dropping quickly

toward the proton drip line while the production of the

contaminating strontium-�uoride (SrF) molecules re-

mained nearly constant. While the measurement of
103Sn was performed in a short amount of time, the ob-

servation of 102Sn and 101Sn was impossible due to the

strong tailing of the SrF contamination (see Fig. 2(c)).

Unfortunately, puri�cation by quartz transfer line

is limited to only a few cases. To handle strong

contamination more generally, a new radio-frequency

quadrupole (RFQ) cooler and buncher will be imple-

mented for beam puri�cation following the MR-ToF

device. The new Mini-RFQ buncher, designed by

MIRACLS [8], will be used to perform mass-selective

re-trapping [9] and re-bunching of the ions of interest

from the isobarically separated bunch ejected from the

MR-ToF MS. By re-trapping in the Mini-RFQ, a contam-

ination suppression up to 10� 4 is expected [10]. Addi-

tionally, tuning the injection energy of the beam into

the Mini-RFQ will allow the study of collision-induced

dissociation (CID) of isobaric molecular contamination.

https://isoltrap.web.cern.ch/
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Figure 2: A schematic of the current setup of ISOLTRAP is displayed in (a) together with the upcoming extension by the
Mini-RFQ. Inset (b) presents the ToF spectrum of the isobaric mass separation at A = 104, where the tails of each mass
peak are clearly visible. Inset (c) displays the ToF spectrum of more exotic neutron-de�cient 102Sn, where tails of contami-
nation such as SrF impede the mass measurements.

With this, the transmission of molecular contamina-

tion can be reduced by a factor up to 102 [11]. After

re-trapping in the Mini-RFQ, the ions will be re-injected

in the MR-ToF device, providing mass measurements

free of space-charge effects.

In addition to these developments, temperature and

pressure sensors as well as �ux-gate magnetometers

will be installed to monitor slow drifts of environmental

in�uences and systematic studies for the MR-ToF MS

and Penning traps will be performed with carbon clus-

ters produced by the laser-ablation ion-source (LIAS),

successfully implemented in 2022 [12].
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Laser spectroscopy of neutron-rich tellurium isotopes

Results of experiment IS667 Tim E. Lellinger for the COLLAPS collaboration

Following the successful measurements of magic

lead isotopes in 2021, the COLLAPS experiment con-

tinued on from previous investigations in the tin re-

gion by measuring neutron rich tellurium isotopes in

May 2022. In total, 25 tellurium isotopes (112Te -
136Te) and eight isomers were probed by high reso-

lution laser spectroscopy. The isomers are of partic-

ular interest due to the unique parity character of the

h11=2 orbital expected to give rise to their nuclear struc-

ture. In the shell-model framework, the con�guration

of these states comprises a proton core (Z = 50) with

two additional protons on top and the neutrons �lling

this unique-parity orbital. A direct comparison of the

extracted moments with those previously measured at

COLLAPS along the isotopic chains of tin and cad-

mium [1, 2] allows a direct test of the robustness of the

Z = 50 core while quantifying the polarizing effect on

the quadruple moments of the two additional protons in

tellurium.

On the neutron rich side, the tellurium isotopes were

produced by bombarding a neutron converter with pro-

tons from the CERN PSB. Through spallation pro-

cesses the converter then produced fast neutrons that

impinged a uranium carbide target. The neutron con-

verter is usually a tungsten rod below the target con-

tainer, but during our experiment it was found that the

copper current connectors of the target also work as

a spallation source, although with some loss in ef�-

ciency [3]. For the neutron de�cient isotopes, the ura-

nium carbide was directly bombarded with protons. In

both cases the produced tellurium atoms were ion-

ized using the resonance ionization laser ion source

(RILIS), and subsequently bunched and cooled with the

ISOLDE cooler-buncher (ISCOOL). At the COLLAPS

experiment the ion beam was neutralized in a potas-

sium vapor cell, and the spectroscopy was performed

on the 5p4 3P2 ! 5p3 6s 3S1 atomic transition, which

offered the best sensitivity to the nuclear moments, but

was technically challenging due to its short wavelength

of 214 nm. To keep the experimental conditions stable

for the entire measurement period, an active beam sta-

bilization system was deployed for the �rst time.

From the recorded spectra (see e.g. the spectrum of
119Te in Fig. 1) isotope shifts, isomer shifts and the hy-

per�ne parameters A and B were extracted, which then

allowed the determination of differential mean-square

charge radii, magnetic dipole, and electric quadrupole

moments. While common patterns are perceived, the

trends of the isomeric nuclear moments in particular

defy the expected simple model picture and pose a

challenge for microscopic nuclear theory.

Figure 1: Spectrum of 119Te. The �t for the 1 =2+ ground state
is depicted in green, the 11=2� isomer is shown in red. The
nuclear properties of the isomer were measured for the �rst
time.
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ISOLDE Decay Station++

James Cubiss, for the ISOLDE Decay Station collaboration

The university of York (U.K) has led a collaborative

effort between the University of Liverpool (U.K.), Uni-

versity of Warsaw (Poland), IFIN-HH (Romania), Uni-

versidad Complutense de Madrid (Spain), Instituto de

Fisica Corpuscular (Spain), the University of the West-

ern Cape (South Africa), and the University of Ten-

nessee, Knoxville (U.S.) to design and construct a new

support structure for the detector system of the ISOLDE

Decay Station (IDS). The parts from the different work-

shops were collected in York, assembled, and then

shipped to ISOLDE where initial tests of the new sys-

tem with germanium clover detectors have been suc-

cessfully conducted (see Fig. 1).

With phase one of the upgrade �nished, the new

structure is now ready to be positioned and aligned in

time for the 2023 campaign, following repairs to the

�oor in the IDS area of the ISOLDE Hall 1. The current

system allows the use of up to six germanium detec-

tors in combination with the existing IDS auxiliary de-

tection systems and tape station. Work has already

commenced on phase 2 of the upgrade, which will al-

low up to �fteen clover detectors to be used at once,

with the aim of completing the project by the end of the

year.

The �nal support structure will consist of �ve

“gantries”, upon which up to three clover detectors (�f-

teen clovers in total) can be mounted in vertical align-

ment. The gantries are mounted on circular rails cen-

tred on the IDS tape station, allowing for easy position-

ing of the clover detectors around the implantation po-

sition.

Figure 1: Top-Left: The new support structure with two de-
tector “gantries” being loaded onto a truck at York; Top-Right:
The structure gives HIE-ISOLDE a �yby; Bottom: The new
structure with six clover detectors mounted, and a happy
York IDS team looking forward to the 2023 campaign.

https://isolde-ids.web.cern.ch/
1The collaboration would like to take this opportunity to apologise for the bad smell in the hall caused by these repair works.
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