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Introduction

Sean J Freeman

Welcome to the 2024 ISOLDE Newsletter!

As the many articles in this newsletter will show,

the 2023 running period was one of the most suc-

cessful and probably one of the busiest. There were

around sixty experiments and isotope collections, de-

spite a shorter than usual proton running period, in-

cluding ten using post-accelerated beams from HIE-

ISOLDE. There were 470 shifts for physics and ma-

chine development and three weeks for winter physics

with pre-irradiated targets after the end of the proton

run. The latter included measurements of transfer re-

actions with a 7Be beam for ISS, studies of radioac-

tive molecules at CRIS and collections of 226Ra and
110mAg. We hosted more researchers than ever, with

more than 740 researcher-visits in 2023, 25% of whom

were women. Operating a facility like ISOLDE is never

without a few problems along the way, but thanks to

the commitment of our talented operations, target and

RILIS teams alongside the wider CERN technical spe-

cialists, these were generally solved very quickly.

It has been a sad time so far in 2024 with the tragic

loss of two dear colleagues who have made very sig-

nificant contributions to ISOLDE, made even sadder as

their deaths were so untimely.

Bruce Marsh was a very talented physicist and a

highly respected colleague. Over the years, he made

many significant contributions to ISOLDE and the sci-

ence done at the facility, particularly in the area of laser

ion sources. As Section Leader in Accelerator Systems

for Lasers and Photocathodes, he had significant im-

pact more widely at CERN. But he will be remembered

as much as for his warmth, friendliness, and strong

sense of right and wrong, as his many scientific and

technical qualities and achievements.

Mats Lindroos spent much of his career at CERN,

as research fellow and staff member working at

ISOLDE and at the PS Booster. He made many sig-

nificant contributions to the ISOLDE Facility as Tech-

nical Coordinator, especially to the development and

initiation of the HIE-ISOLDE Project. He left CERN to

help establish the European Spallation Source in Swe-

den and led the ESS Accelerator Division. He had a

deep knowledge and insight with regards accelerator

systems and how best to use them for science, con-

tributing to the future of many different facilities. At the

same time he was a kind and supportive colleague.

You can read more about Bruce and Matts in the fol-

lowing CERN Courier articles: Bruce Marsh and Matts

Lindroos.

Progress has continued with the improvements pro-

gramme for ISOLDE planned for Long Shutdown 3

(LS3). This is a series of measures to improve the

capability, capacity and reliability of ISOLDE, seeded

by the discussions from the EPIC Workshops in 2019

and 2020. The major elements of the mid-term im-

provement programme are the replacement of the pro-

ton beam dumps and upgrade of the BTY line to deliver

2-GeV protons and to take the full intensity currently

available from the PSB, alongside other improvements

and consolidation items. Several urgent items totalling

3.8 MCHF were already included in CERN’s Medium

Term Plan MTP2024 (developed and approved during

2023), mainly for improvements in fire safety and venti-

lation in the primary areas. During 2023, the LS3 plans

were presented to the INTC and Research Board who

were very supportive. Later in the year, the project defi-

nition, risks and resources were considered by a "Cost,

Schedule and Scope" review. All this work is paying off;

I’ve recently heard that 13 MCHF were included in this

year’s MTP for the beam dump replacement. This is

great news, particularly considering the financial pres-

sures that CERN is under at the moment. We were also

pleased that consolidation funding was secured to up-

date the REX HLRF/LLRF (2.180 MCHF) and for power

https://isolde.web.cern.ch
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converters on the BTY line consistent with 2 GeV deliv-

ery (around 2.0 MCHF).

This is not quite the end of the story - there is a

lot of work underway to develop a request to next year’s

MTP covering: magnets for the BTY line along with vac-

uum and civil engineering for 2 GeV delivery; an up-

grade study for EBIS; beam switching through the cen-

tral beam line; and a number of other smaller items.

There is also a task force of experts from our opera-

tions team and CERN cryo and rf groups looking at the

cryo maintenace of HIE-ISOLDE, with promising ideas

to recover and to maintain the performance of the ac-

celerating cavities. This task force will make proposals

to the Injectors and Experimental Facilities Committee

in the coming weeks and the required resources will be

added to the MTP request.

I hope this will secure the resources needed for all of

the proposed improvements so that work can begin in a

timely fashion in LS3 - the dates of the shutdown will be

confirmed later this year. However, the ISOLDE Collab-

oration Committee has begun to consider how the facil-

ity might be improved at the next available opportunity,

LS4 - if you have any thoughts, please pass them to

your national representative. Indeed, one might already

want to discuss larger investments and projects that re-

quire a longer time frame for LS5 - such as the expan-

sion and remodelling of the facility that arose as an as-

piration from the EPIC Workshops. The timescales for

project development and approval place them into the

period where the post-LHC future for CERN becomes

important. We will have to remain agile and try to de-

velop and align our longer term goals for ISOLDE with

CERN’s emerging strategy.

During the early part of 2024, there has been a sig-

nificant activity to improve the facility’s safety environ-

ment after a number of worrying incidents. This has

largely fallen on the shoulders of those people who

take the lead on the day-to-day maintenance and op-

erations of the beam-line instruments at ISOLDE. They

have been reviewing in detail all the written safety doc-

uments with the support of the EP Safety Office. This

has been a substantial effort and I am very grateful to

everyone involved. However, it should not be forgot-

ten that everyone working at ISOLDE contributes to our

safety culture and so I would ask that all users pay par-

ticular attention to maintain the safest working environ-

ment that we can. Of course, it is the very nature of the

work we undertake that creates hazards, so we need

to be vigilant in identifying and owning these risks and

making efforts to mitigate them. I would therefore like

to take the opportunity to remind you to use the nec-

essary personal protective equipment and safety proto-

cols to enter the ISOLDE Hall and please follow to the

letter any approved procedures concerning your activ-

ities. EP Safety is available to help you; if you have

any concerns or if a procedure needs adapting for your

activities, please talk to them first. They are very knowl-

edgable about CERN as an organisation and can offer

a lot of useful advice and support.

Being a nuclear physics facility within a large parti-

cle physics laboratory can be challenging; I can’t recall

the number of times since I started at CERN when I

have had to carefully explain that our research culture

is not the same as a large LHC experiment. This is

often met with puzzlement and then curiosity, followed

by enlightenment when they realise that, compared to

the rest of science, the way particle physics works is an

outlier! And the differences are never show stoppers,

whatever the subject of the conversation - open access

publications, sharing data, maintenance and operations

costs, memoranda of understanding - a way forward

is always found. Moreover, when you explain the sci-

ence we do, it is clear that we have considerable im-

pact in broadening and diversifying CERN’s scientific

programmes. In early 2024, I was given the seemingly

impossible task of speaking about the 10-20 year future

scientific programmes of non-LHC "nuclear physics" at

CERN at the Charmonix meeting that brings together

the CERN management and all the accelerator, engi-

neering and technical groups. This would have been

a daunting invitation even if it was to only talk about

ISOLDE science, but I was also asked to cover neutron-

induced measurements at n_TOF, anti-proton work at

AD and fixed-target heavy-ion collisions in the North
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Area. The audience were engaged and very support-

ive of the work done at all these facilities - and that is

thanks to the imagination and innovation of the scien-

tific communities that generates such productive pro-

grammes. So a "thank you" to everyone in the ISOLDE

community - you make my job easier with the amazing

science that you do!

3



News for users 2024

ISOLDE schedule 2024

The physics period in 2024 started on April 8th and

will run with protons until November 25th, followed by 2

weeks of Winter Physics. Afterwards, we plan to organ-

ise a "Separator Course", giving new users the opportu-

nity to familiarise themselves with the fundamentals of

operating the ISOLDE machine, covering aspects such

as the control system, beam instrumentation, vacuum

systems, and logbooks.

The published schedule for 2024 can be found on-

line here, and the weekly schedules here. EURO-

LABS TNA support will be available and spokespeople

of scheduled experiments will be contacted in advance

of their experiments running by Jenny.

Preliminarily, in 2025, ISOLDE will run with protons

between 25th March and 17th November 2025.

Upcoming INTC meetings

We inform you that in view of the approaching Long

Shutdown at CERN (LS3) and considering the large

backlog of approved experiments, the upcoming ses-

sions of the INTC will have a reduced scope of ac-

cepted documents.

• The next INTC meeting, on 12-13 November

2024, will be open for nTOF physics and ISOLDE

low-energy experiments only. No HIE-ISOLDE

proposals and LoIs will be discussed. Please

note that, with high probability, this will be the last

meeting where new low-energy documents will be

considered before LS3.

• The 78th INTC meeting, on 5-6 February 2025,

will be open only to HIE-ISOLDE proposals and

all letters of clari�cation. No nTOF and low-

energy ISOLDE proposals and LoIs will be dis-

cussed. Addenda will be accepted in exceptional

cases, please contact the physics coordinator be-

fore submitting. Please note that, with high prob-

ability, this will be the last meeting where new

HIE-ISOLDE documents will be considered be-

fore LS3.

• The plans for the subsequent INTC meetings

(May 2025, November 2025, and later) will be an-

nounced at the end of 2024.

User registration and access to the ISOLDE facility

A full description of the procedure for registering at

CERN is given on the ISOLDE website. Note that the

teamleader and deputy teamleader who sends the in-

formation must have a valid CERN registration. This

also applies to paper forms which have been signed at

the visiting institute. Please register under "ISOLDE"

as your experiment and "USER" as status.

All information for getting access to the ISOLDE fa-

cility is outlined on this page on the ISOLDE website.

There are a variety of training courses, managed via

the CERN training hub, required before access to the

ISOLDE hall can be granted. These are divided into

classroom courses, which take place at the CERN train-

ing centre in Prevessin, and online courses which can

be taken via the CERN online training. Enrollment for

the classroom courses should take place before com-

ing to CERN (at least 2 weeks before the course takes

place, otherwise, they might be cancelled). If a user

is not yet registered, an email can be sent to safety

training: safety-training@cern.ch. However, once reg-

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

on courses in the CERN training hub in order to validate

the training.

Safety in the ISOLDE hall

Access to ISOLDE is only permitted if you are wear-

ing a dosimeter, helmet, and safety shoes. Before leav-

ing, always use the hand-foot monitor to check for any

contamination. Always consult the local person respon-

sible for your experimental setup, to get introduced to

https://isolde.cern
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the safety procedures for activities you want to per-

form. If your experiment or activity introduces addi-

tional hazard, check that the required processes with

the EP Safety Of�ce have been followed. Clearly label

all equipment in the hall with contact information, setup

details, and the date. If items need to stay at CERN

after the run, contact the physics coordinator to �nd

a suitable location. All items must be checked by RP

checks leaving ISOLDE and when opening the beam-

line or chamber. Remember, radioactive items need to

be added to TREC and should be stored in the dedi-

cated cupboard.

In case of doubt, please don't hesitate to con-

tact your local contact, the physics coordinator or

the EP safety of�ce (Letizia Di Giulio and Theo

Vafeiadis). The list of contacts for safety both for lo-

cal experiments and visiting setups can be found via

https://isolde.cern/safety.

ISOLDE Publications, open access and CERN EP

preprints

ISOLDE should be mentioned in the abstract of ar-

ticles related to experiments performed at the facility

and, if possible, the ISOLDE team should be mentioned

in the acknowledgements. Experiments which have

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.
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RIB Applications

Formation mechanism of Pb V centers from implanted Pb in diamond, including
�rst results from the ISOLDE PL setup

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

Among the group-IV vacancy centers in diamond,

PbV � has recently attracted particular interest for pos-

sible applications in large-scale quantum networks [1],

motivating us to study its formation mechanism through

ion implantation by means of the emission channeling

(EC) technique. In our �rst Pb beam time (10/2023)

we investigated the lattice sites of 209Pb (t1=2=3.25 h) in

CVD diamond following low-�uence (1.5 � 1012 cm� 2)

50 keV implantation as a function of implantation (Ti )

and annealing (Ta) temperature. A �rst analysis of the

EC data using 2-site �ts that allow for 209Pb on substi-

tutional (S) and bond-center (BC) sites, the latter be-

ing a characteristic of PbV in split-vacancy con�gura-

tion, shows comparable fractions around 40% of Pb

on S and BC sites directly following room temperature

(RT) implantation, a situation which remains for Ti or

Ta=900°C (Fig. 1 left). This behavior is similar to Sn [2]

but in stark contrast to the case of Ge [3], where anneal-

ing or implanting at elevated temperatures lead to loss

of GeV complexes, considered to be less thermally sta-

ble than simple substitutional Ge. An ongoing analysis

is investigating whether, besides S and BC, a third type

of lattice site, e.g., resulting from Pb in higher-order va-

cancy complexes such as PbV 2, could be compatible

with the experimental results.

Figure 1: Left: EC patterns and best 2-site �ts from 209Pb at
Ti=900°C. Right: RT PL spectrum from 208PbV � , following
excitation with a 450 nm blue laser.

We have recently commissioned a photo-

luminescence (PL) setup at ISOLDE, with the aim of

using it for radiotracer experiments, where the intensity

of PL lines is followed as a function of time in order

to correlate it with the half life of implanted radioac-

tive impurities. Before using the setup with radioactive

impurities, proper sample processing conditions have

to be established using stable isotopes. We therefore

implanted stable 208Pb at ISOLDE (available off-line,

5 � 1012 cm� 2 at RT) into a CVD diamond single crys-

tal (Element 6, “Electronic Grade”, [N]<5 ppb), followed

by furnace annealing at 1100°C (30 min), revealing the

characteristic zero-phonon lines of PbV � (Fig. 1 right).

We are currently acquiring an electron beam heated

furnace that will allow for fast annealing up to 1600°C

and extend our capabilities for thermal processing of

diamond samples.

The major conclusions of our study so far are that

PbV is created in signi�cant amounts (40%) directly

during RT implantation and shows high thermal stabil-

ity. No annealing nor the related vacancy diffusion is re-
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quired to form it. That PbV � has not been reported by

PL without high-temperature annealing � 950°C must

be due to the fact that it is in a “dark state”, e.g., not in

the required negative charge state, or its luminescence

is quenched by implantation defects.

References

[1] P. Wang, et al., Phys. Rev. Lett. 132, 073601 (2024).

[2] U. Wahl, et al., Phys. Rev. Lett. 125, 045301 (2020).

[3] U. Wahl, et al., accepted for publication by Materials

for Quantum Technology (2024).
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RIB Applications

Data acquisition and Python processing using CAEN Digitizer DT5730S for Per-
turbed Angular Correlation Spectroscopy: the PACIFIC 2 route.

P. Rodrigues for the IS730 and IS738 collaboration

The 
 -
 Perturbed Angular Correlation (PAC) spec-

troscopy technique has been a staple of ISOLDE Solid

state Physics for more than four decades [1, 2, 3].

Historically, ISOLDE's PAC spectroscopy setups have

been tethered to analog equipment, some exceeding

30 years in operation, or to digital processing sys-

tems that are both costly and bulky. To modernize and

streamline our PAC data processing capabilities, we

embarked on a series of performance evaluations using

the DT5730S digitizer from CAEN S.p.A. Characterized

by its 8 input channels, a 500 MS/s sampling rate, and a

14-bit ADC, this compact digitizer seamlessly integrates

into both 4 and 6-detector PAC con�gurations. Notably,

it supports space-ef�cient data storage in ROOT format

through its List acquisition mode, where each detected


 -photon is cataloged with time and energy stamps via

the digitizer's online pulse processing algorithms.

Figure 1: a) Coincidence spectra at 90o and 180o obtained
with PACIFIC2 processing software from data collected with
the DT5730 digitizer during the 111mCd beam time. b) Re-
spective Perturbation function (R(t)), alongside its mathe-
matical �t, and the Fourier transform of the �t (F( ! )).

Given the challenge of managing and analyzing vast

data sets, which can reach up to 100 GB per measure-

ment, our team has developed the PACIFIC2 suite—a

collection of Python-based tools designed speci�cally

for PAC spectroscopy data analysis. This innovative

suite enables ef�cient �ltering and analysis of large-

scale data sets to search 
 1-
 2 coincidence pairs,

thereby facilitating the construction of 90o/180o coin-

cidence spectra, which are fundamental to PAC spec-

troscopy. The time resolution of the digitizer was �rst

analyzed by using a 22Na calibration source and a set

of two LaBr3 scintillator-based detectors. The detection

of pairs of simultaneously emitted 
 -photons, with an

energy of 511 keV, following positron-electron annihila-

tion processes, was registered. Under optimal condi-

tions, a time resolution of � 362 ps was achieved. This

performance matches that of the digital systems cur-

rently in use [4]. Data acquisition tests were also run

during the previous 111mCd beam time with the digitizer

connected to a set of 4 BaF2 scintillator-based detec-

tors. The developed PACIFIC2 software was used to

�lter and search the 
 1-
 2 coincidence pairs of 150-245

keV post-acquisition. Fig. 1 a) shows the obtained re-

spective 90o/180o coincidences spectra obtained for a

44 min acquisition with a sample exhibiting an initial ra-

dioactive activity of � 700 counts/s. The data process-

ing, executed on a contemporary laptop powered by

an 11th Gen Intel®Core™i7-1165G7@2.80GHz, was

achieved in less than a quarter of the acquisition time,

showing the feasibility of running the Python processing

software both in post-acquisition or in real-time condi-

tions while using four-detectors PAC arrays.

The experiment shown in Fig. 1 focused on a Ca-

based Rudlesden-Popper polycrystalline sample stud-

ied within the IS738 proposal. As observed in the

Fourier transform, the �tted perturbation function ac-

counts for two distinct local environments, agreeing

with the results obtained in parallel with currently in-

use spectrometers, showcasing the CAEN DT5730 and

PACIFIC2 software's robustness.
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The strategic application of Python, a programming

language commonly taught in Physics and Engineering

courses, for data processing, combined with the use

of more affordable digitizers, fosters a deeper under-

standing of instrumentation within research teams and

facilitates the sharing and adaptation of software across

different digital acquisition systems. This approach de-

mocratizes access to advanced data analysis tools and

encourages collaborative innovation. Future efforts will

focus on performance evaluations of Python-based pro-

cessing in conjunction with the digitizer on setups in-

volving 6-detector cubes and explore its applicability to

isotopes with signi�cantly shorter half-lives. These ini-

tiatives are expected to test the limits of our current

setup, particularly concerning the digitizer's 500 MS/s

sampling rate, and push the boundaries of what can

be achieved with our integrated software and hardware

solutions.

References

[1] J. Schell, P. Schaaf, D. C. Lupascu, AIP Advances

7, 105017 (2017).

[2] P. Rocha-Rodrigues, et al., Physical Review B 102,

104115 (2020).

[3] H. Haas, et al., Physical Review Letters 126,

103001 (2021).

[4] M. Jäger, K. Iwig, T. Butz, Review of Scienti�c In-

struments 82, 065105 (2011).
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RIB Applications

Towards understanding the mechanism of multivalent ion intercalation in vana-
dia and vanadates

Results of experiment IS732 Anastasia Burimova, Arnaldo Alves, Juliana Schell and
Artur Carbonari for the SSP collaboration

A revitalized interest in vanadates and vanadium

bronzes (MxV2O5) is mostly due to their ability to guide

and store M(n� 2)+ ions and thus their potential as elec-

trode materials in multivalent ion batteries [1, 2, 3].

Meta- (MV2O6) and pyro- (M2V2O7) vanadates are of

interest as primary and, consequently, “thrift” ion hosts,

i.e. the products of recycling-targeted processing of

spent bronzes saturated with charge carriers [4].

Though essential for performance improvement, full

understanding of ion (de)intercalation in vanadia-based

compounds is lacking. In this regard, we promote

perturbed angular correlation (PAC) spectroscopy as a

local-scale investigation technique capable of shedding

light on the behavior of guest ions in vanadates. To

take full advantage of PAC sensitivity to the variations

in charge distribution, the �rst (and non-trivial!) step is

tracking the location of PAC probes. Although probe

ions will likely reside within the dominant phase, they

perturb the local environment, and can even serve as

nucleation centers for contaminant structures. Mean-

while, a distinctive feature of nMO–V2O5 (n = 1, 2)

systems is the cross-contamination of stoichiometric

phases, which may be exacerbated by defects and ex-

ternal conditions.

In a series of 
 –
 111In(111Cd)PAC experiments

carried out at IPEN (Brazil), wet impregnation was

employed to deposit the probe isotopes to nominal

MnV2O6. The procedure required a prolonged anneal-

ing at elevated temperatures and resulted in the propa-

gation of pyrovanadate, as the control X-ray diffraction

(XRD) measurements have shown (see �gure Fig. 1a).

Furthermore, the values of hyper�ne parameters ac-

quired for Mn meta- and pyrovanadates with 111In gen-

erators, as well as their variations with temperature,

were remarkably alike, hindering the attribution of the

results to a particular system. 111mCd(111Cd)-PAC data

collected at ISOLDE, in contrast, revealed distinguish-

able interactions in nominal MnV2O6 and Mn2V2O7

(see �gure Fig. 1b). The dominance of monoclinic

MnV2O6 in post-PAC metavanadate samples was es-

tablished with XRD, as demonstrated in �gure Fig. 1a.

Figure 1: (a) XRD patterns recorded after PAC experiments
in nominal MnV2O6 at 973K. (b) Asymmetry of electric �eld
gradient, � (T ), probed with 111mCd(111Cd)-PAC at ISOLDE.

Despite being promising, we caution against con-

sidering this result as conclusive, since parent isotopes

may be responsible for the discrepancy in the relaxation

of probe surroundings. The conventional method is to

investigate this effect with ab initio simulations. Alterna-

tively, the sites may be identi�ed with the help of charac-

teristic phase transitions, and, conveniently, Mn2V2O7

undergoes one at experimentally attainable conditions.

This temperature range will be explored in the upcom-

10
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ing studies.
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Multifunctional Perturbed Angular Correlations Spectrometer (MULTIPAC)

Results of experiment LOI249 Thien Thanh Dang, Ian Chang Jie Yap, Nicole Pereira de
Lima, Juliana Schell for the SSP collaboration

MULTIPAC is an advanced spectrometer that is ca-

pable of simultaneously performing vibrating sample

magnetometer (VSM) experiments and 
 � 
 time-

differential perturbed angular correlation (TDPAC) mea-

surements under controlled conditions: an applied ex-

ternal magnetic �eld of up to 8.5 T and temperatures

ranging from 3 to 375 K [1]. The VSM vibrates the sam-

ple in a uniform magnetic �eld, which induces an elec-

tromagnetic force (emf). Macroscopic magnetic prop-

erties of the sample can be inferred, such as ferro-

magnetism, and magnetic phase transitions. In addi-

tion, TDPAC provides information about hyper�ne in-

teractions occurring in materials. Local properties can

be investigated microscopically, such as magnetic and

electrical charge distribution in the vicinity of the TDPAC

probe nuclei.

The VSM components comprise three distinct parts:

the cryogen-free magnet (CFM) system, the variable

temperature cryostat (VTC) system, and the VSM

probe. The CFM and VTC System is a highly effective

investigative device that utilizes the latest cryogen-free

technology, magnet, and active shield design. It is ca-

pable of achieving high magnetic �elds within a small,

con�ned space while also preserving helium gas as a

scarce natural resource. Furthermore, it is a safer alter-

native to using liquid helium as a coolant. The utiliza-

tion of the VSM allows for the direct measurement of

the magnetic properties of the sample, eliminating the

need to remove it from the sample holder before or after

TDPAC measurements.

The TDPAC has two main components: cylindrical

LaBr3:Ce crystals + MPPCs and high-speed digitizers.

Cylindrical LaBr3:Ce crystals measuring 4.54 cm in di-

ameter and 4.82 cm in height were chosen due to their

high energy resolution (6.8% with 511 keV photons)

and time resolution (ranging from sub-nanoseconds to

single digits of nanoseconds) (refer to Fig. 1, left). The

crystals demonstrated a remarkable energy resolution

of 2.81% @1173.2 keV and 3.19% @1332.5 keV, along

with a time resolution of 1.01 ns. High-speed digitizers

are utilized to capture waveforms that represent single

photon pulses. The 10-bit digitizers that can sample at

10 GS/s are employed to ensure precise timestamps of

the photon pulses (refer to Fig. 1, right).

Figure 1: (Left) Cylindrical LaBr3:Ce crystals + MPPCs,
(Right) Digitizers (U5310A by Acqiris).

MULTIPAC is a system that offers a wide range of

possibilities, allowing for the investigation of samples

of interest at both microscopic and macroscopic levels.

It facilitates innovative research projects and collabora-

tions with ISOLDE-CERN. The MULTIPAC team has ini-

tiated material science projects described in LOI249 [1],

that are expected to yield important results from April

2024.

This project has received funding from the Fed-

eral Ministry of Education and Research (BMBF) under

grants 05K16PGA, 05K22PGA and 05K22PGB.

References

[1] J. H.-Schell, D. C. Lupascu, et al.,

CERN-INTC-2023-012 / INTC-I-249. Let-

ter of Intent to the ISOLDE and Neu-

tron Time-of-Flight Committee (2023).

https://cds.cern.ch/record/2845935/�les/INTC-I-

249.pdf .
https://isolde.web.cern.ch

12



ISOLDE Newsletter 2024

Ground-state properties

News from CRIS

Abigail Charlotte McGlone for the CRIS collaboration

In 2023, CRIS experienced another successful

year, conducting four experiments exploring atoms and

molecules across the nuclear landscape. The year be-

gan with an upgrade of the CRIS beamline, improving

the beam transport ef�ciency and facilitating the instal-

lation of new detection chambers and a Decay Spec-

troscopy Station (DSS) to enhance the experiment's ca-

pabilities. This upgrade continued with the addition of

a new tape station shown in Figure 1 which enables

long-lived contaminants to be removed, allowing for

the study of short-lived radioactive species with decay-

assisted laser spectroscopy and laser-assisted decay

spectroscopy. This follows on from the technical up-

grades of previous years, including the installation of

voltage scanning [1]. The continual upgrades of the

CRIS beamline provide improvements in the sensitivity

of our measurements and enable the study of further

radioactive isotopes.

Figure 1: Image of the new end of the beamline and tape
station installed at CRIS in August 2023

Four experiments were conducted at CRIS between

June and December. In June 2023, the isotope shifts

of 33,34Al were measured at CRIS, to extend measure-

ments past the N = 20 shell closure for investigation

into the island of inversion surrounding this region. The

N = 20 island of inversion describes a region of en-

hanced collectivity and deformation and the weakening

of the N = 20 shell closure, this is shown well in Ne, Na

and Mg. The new measurements of 33,34Al complement

existing data from 2022 and allow for the study of the

evolution of ground-state structure entering the N = 20

island of inversion at the border between spherical and

well-deformed nuclei.

The spotlight then shifted to chromium isotopes in

July, exploring the region between the N = 28 and

N = 40 shell closures. Thirteen isotopes of Cr were

studied during this week long experiment, with the �rst

�rm spin assignments for 57,59,61Cr, and complete mea-

surements of the charge radii and nuclear moments

from 50� 62Cr. The new spin assignments will have con-

sequences on the physical interpretation of beta decay

data within the region.

In the summer, the installation of the new tape sta-

tion was a signi�cant milestone. It facilitated an exten-

sive operation encompassing both decay-assisted laser

spectroscopy and laser-assisted decay spectroscopy

measurements of Zn isotopes, extending beyond the

N = 50 shell closure. This endeavor con�rmed spin

assignments and acquired new charge radii measure-

ments for 81,82Zn.

During the Winter Physics period at ISOLDE, CRIS

performed measurements on the long-lived radioactive

molecule RaF, continuing the work recently published

in Nature Physics in [2] and producing new measure-

ments which are presented in [3]. For further insights

into the investigation of radioactive molecules at CRIS,

please refer to the additional contribution.

https://isolde-cris.web.cern.ch
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CRIS would like to thank the ISOLDE operational

team for the successes in 2023 and plan for another

busy year in 2024.
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Advances in molecular spectroscopy of RaF at CRIS

Results of experiment IS663 Carlos M. Fajardo-Zambrano for the CRIS collaboration

In the past few years, molecules have become a

promising tool for diverse �elds. Among them, the

rich electronic structure and ease of polarizability have

made diatomic molecules the most sensitive system

for studies of charge conjugation and parity (CP) vi-

olation moments, such as the electron electric dipole

moment (eEDM) and nuclear Schiff moment [1]. Both

of these moments scale with the atomic number faster

than Z 2, while the latter is further enhanced in octupole

deformed nuclei [2]. However, since such nuclei tend to

be radioactive, the current studies have been limited to

stable molecules.

As a �rst step towards more sensitive studies of CP-

violation using radioactive probes, in the past years,

the CRIS collaboration has studied the electronic struc-

ture of RaF and its predicted laser-coolable transition

A2� 1=2 in high resolution on different isotopologues,

making RaF the �rst radioactive molecule studied us-

ing laser spectroscopy [3].

In the 2021 RaF campaign, the spectra of 226RaF (I

= 0) and 225RaF (I = 1/2) were measured. Since the for-

mer is non-sensitive to the hyper�ne structure (HFS), its

spectrum has been used to extract with high precision

the molecular parameters of RaF [4]. These parame-

ters can be obtained for different isotopologues, scaling

them with the reduced mass ratio. As such, they could

be set as constant for retrieving the HFS molecular pa-

rameters of 225RaF. This has made RaF the �rst ra-

dioactive molecule where the magnetic dipole moment

has been measured and provided further experimental

data to be compared with theoretical calculations.

In 2023, we were able to measure the missing pre-

dicted electronic states on RaF [5]. Furthermore, the

HFS of 223RaF (I = 3/2) was successfully measured,

allowing the extraction of the electric quadrupole mo-

ment. Moreover, with the measurement of the HFS

in three different isotopologues, the molecular isotope

shift could be obtained and compared to the atomic

isotope shift literature value. Figure 1 shows the HFS

in one of the rotational transitions of the R-branch on
223,225,226RaF.

Figure 1: Measured rotational hyper�ne transition of the
R= 20.5 rotational band in 226RaF (blue), 225RaF (red), and
223RaF (green) using CRIS. The results are preliminary.

Finally, the RaF 2023 campaign also aimed to mea-

sure the lifetime for the A2� 1=2 state, as this would de-

termine the maximum photon scattering rate in a laser-

cooling transition. The accuracy of such measurement

was corroborated through a systematic study using the

known lifetime of the 221Fr (8P3=2) atomic state with an

excellent agreement.
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Towards absolute charge radius measurements of Ag isotopes

Results of experiment IS672 Marie Deseyn for the IS672 collaboration

Charge radii of silver isotopes have been exten-

sively studied using laser spectroscopy [1], but have

large systematic uncertainties originating from the

mass and �eld shift being calculated from large scale

atomic calculations in combination with interpolation of

nearby elements. Discrepancies with nuclear density

functional theory [2] further motivate experimental de-

termination of the mass and �eld shifts. This will be in-

vestigated through muonic x-ray spectroscopy of 107Ag,
109Ag and 108mAg (t1=2 = 483 y). While the two sta-

ble isotopes are available with suf�cient enrichment,
108mAg requires bespoke production: at least 3 � 1016

atoms and � 95% purity are needed for suf�cient inten-

sity and resolution for the muonic x-rays, respectively,

as established from a test experiment in 2023 at PSI.

Neutron irradiation of enriched 107Ag produces
108mAg via the 107Ag(n, 
 )108mAg channel, but with only

� 0.25% purity at most. To investigate the subsequent

separation procedure, a separation test was performed

at GLM. A natural silver target underwent neutron irra-

diation, yielding a target with 42(6) Bq of 108mAg and

65(2) kBq of 110mAg. Since the hyper�ne structure of
108mAg and 110mAg are near-identical, and the speci�c

activity of the latter is substantially higher, the test study

was performed with 110mAg.

Different laser conditions were explored to optimize

ion source performance, ensuring the best combination

of collection ef�ciency and fraction of 110mAg compared

to 109Ag. One of the main outcomes stems from the

resonant frequency of the 5s1=2 ! 4p3=2 transition in
110mAg being within the tails of the corresponding 109Ag

resonance. Detuning the lasers from the 110mAg reso-

nance, further from the 109Ag resonance, enhanced the

relative fraction of 110mAg in the beam, predominantly

by reducing the number of 109Ag ions. Ion load effects,

where excessive space charge perturbs the con�ne-

ment potential in the ion source, signi�cantly impacted

the collection as can be seen in Fig. 1. This �gure

shows the beam current for the lasers con�gured on the
109Ag and 110mAg resonance divided by the rescaled

beam current for the lasers off-resonance of 110mAg.

The rescaling ensures alignment of all three beam cur-

rents at the start of the collection, when no ion load ef-

fects are expected. Hence, deviations of this ratio from

1 are attributed to a decrease in laser ionization ef�-

ciency induced by ion load effects, which is observed

when the beam current increases too much.

Figure 1: Beam current for lasers on the 109Ag (109,onI) and
110mAg (110m,onI) resonance divided by the rescaled beam
current for lasers off-resonance for 110mAg (110m,off Irescaled ) as
a function of 109,onI and 110m,onI, respectively.

Collection on the 110mAg resonance is more con-

strained by ion load effects due to more ions overall

present in the ion source, in particular 109Ag ions. Con-

sequently, collection on the 110mAg resonance neces-

sitates lower currents, resulting in a longer collection

time, despite its higher ionization ef�ciency.
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Pushing the sensitivity limits of Laser Spectroscopy

Edward N. Matthews for the COLLAPS collaboration

In 2023, the COLLAPS collaboration pushed the

boundaries of experimental sensitivity through the exe-

cution of three successful experiments, each of them in

a different region of the nuclear chart and with a unique

contribution to our understanding of nuclear structure.

The year commenced with the investigation of neutron-

de�cient thallium ( Z = 81) isotopes, aiming to ex-

tend our previous knowledge of the heavy region. The

goal was to quantify the effect of a single hole in the

Z = 82 shell closure and to compare the electromag-

netic moments to its magic lead neighbours. The focus

then shifted to thulium (Z = 69), where the collabora-

tion aimed to explore the region of the most neutron-

de�cient cases, edging toward the proton emitter nu-

cleus 147Tm. These measurements were conducted in

collaboration with ISOLTRAP enabling the assessment

of yields and contamination in the region. These tests

also showed an ef�ciency of 1/500 ions for the instru-

mentation thus making the very exotic 147Tm feasible

for a second beamtime, already accepted by the INTC.

The �nal efforts of the year were dedicated to the light

region of semi-magic calcium, with a focus on 53� 54Ca.

These two very exotic isotopes, produced at only 20

and 1 ions per second respectively, were not in reach of

the conventional COLLAPS setup and required a more

sensitive detection method, the ROC technique.

Figure 1: Photo of the new ROC setup.

The Radioactive detection of Optically pumped ions

after state selective Charge exchange (ROC) operates

by resonantly populating different electronic states in

the calcium ion beam with a 393 nm laser. The cal-

cium beam is then passed through a sodium charge

exchange cell with each of these electronic states pro-

ducing differing ratios of calcium atoms and ions. This

difference is turned into a signal by splitting the beam

into atomic and ionic components and detecting their

decays with � detectors. This particle detection method

is in contrast to normal COLLAPS �uorescent spec-

troscopy and enables ROC to signi�cantly lower back-

ground and increase sensitivity.

Figure 2: High resolution spectrum of 53Ca with particle
counts against frequency. This optical pumping technique
can produce both positive and negative peaks[1].

The upgraded instrumentation (see Fig. 1) was de-

signed, built and attached to the COLLAPS beamline

in 2023. This was then used successfully to obtain the

�rst measurement of the hyper�ne structure and iso-

tope shift of 53Ca (see Fig. 2). The magnetic moment

and charge radius extracted from these results will shed

some light on the potential shell gap at N = 32. Further

technical developments are being implemented to ac-

cess 54Ca in a second ROC beamtime in 2024.
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MIRACLS' new high-resolution setup

A. Roitman for the MIRACLS collaboration

Collinear Laser Spectroscopy (CLS) is a power-

ful technique to measure nuclear ground state prop-

erties of short-lived radionuclides, used extensively at

ISOLDE [1].

Following the successful demonstration of its mea-

surement principle with stable ions, the Multi-Ion Re-

�ection Apparatus for CLS (MIRACLS) aims to improve

the sensitivity of conventional �uorescence-based CLS

for short-lived isotopes with low yields. This is achieved

by trapping the ion bunches in a novel high-energy MR-

ToF device, as shown in Fig. 1. Inside the MR-ToF trap,

ions are re�ected back and forth between two electro-

static mirrors for several thousands of revolutions. This

allows the ions to interact with the laser beam for a

much longer time than with conventional CLS, where

ions are lost after travelling once through the optical de-

tection region (ODR). In this way, ion bunches are “recy-

cled" with the MIRACLS technique, and more statistics

can be gathered, allowing for more exotic radioactive

ions to be probed [2].

The �rst physics case planned for MIRACLS is the

measurement of charge radii of exotic magnesium iso-

topes 33,34Mg, which can be used to probe the island

of inversion around 32Mg. Accurate measurements of

the charge radii in this region can serve as a stringent

benchmark for ab-intio nuclear theory [3, 4]. Also of in-

terest is the neutron-de�cient 20Mg, which can be used

to study the shell-closure at N = 8 [3, 5].

In August 2023, MIRACLS conducted commission-

ing tests for the �rst time with ISOLDE beam. A reso-

nance spectrum of stable 24Mg was taken by perform-

ing single-passage CLS, �nalizing the complete inte-

gration of the laser coupling scheme and the photon

data acquisition system into the new MIRACLS setup.

Demonstrating the functionality of the new MR-ToF de-

vice, 26Mg ions were trapped with a beam energy of

6 keV for up to 16 revolutions. High voltage instabil-

ities, increasingly observed during the course of this

commissioning run, prevented us from more systematic

measurements.

As a result of these tests, we have implemented

several improvements to the MIRACLS apparatus. One

of these improvements was electropolishing the MR-

ToF mirror electrodes, which greatly improved the HV

performance of the MR-ToF device. Moreover, commis-

sioning measurements of the MIRACLS Paul trap with

isolde beam resulted in a bunching ef�ciency of around

20 - 30% for a wide range of ion species, the lightest

and heaviest being 20Ne and 238U, respectively.

Next, we plan on conducting systematic measure-

ments in the MR-ToF device utilizing stable Mg ions de-

livered by the MIRACLS of�ine ion source. This will

facilitate the preparations for upcoming measurements

of exotic Mg isotopes.

Figure 1: Photo of the high-energy MR-ToF device at MIR-
ACLS. The inset shows a photo of one of the electrostatic
mirrors.

https://miracls.web.cern.ch
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