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Åbiomolecular PAC studies

Åhigh-entropy alloys

Åsemiconductors

Åperovskites and ferroics

Åquantum defects in diamond

Ånuclear-moment measurements

Åmagnetic materials

Ådiffusion in advanced alloys

Åand instrumentation developments

Programme Scope

11/02/2026Dr. Juliana H.-Schell

Unique use of radioactive probes as local atomic-

scale sensors, a capability that remains unmatched 

globally and continues to attract new collaborations.
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IS602

ÅCu(I), Ag(I), Cd(II), Hg(II), and Pb(II) 
binding to biomolecules studied by 
Perturbed Angular Correlation of 
gamma-rays (PAC) spectroscopy

Spokesperson(s): L. Hemmingsen 

In collaboration with Prof. A. Jancso

11/02/2026Dr. Juliana H.-Schell
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Tóth et al. JACS, 2024, 146, 17009

199mHg PAC

Prabaharanaet al. J. Struct. 
Biol., 2019, 207, 209

HgII binding to a peptide encompassing the AsIII binding site of 

ArsR from A. ferrooxidans
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ÅRadiotracer diffusion in refractory high-

entropy alloys

Spokesperson(s): Divinski, S. 

In collaboration with Schell, J.

IS627

11/02/2026Dr. Juliana H.-Schell
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IS627: Diffusion of Cu in single crystalline CoCrFeNi

Using on-line 

diffusion chamber, 

Cu diffusion was 

measured applying 

short living (12.7 h) 

Cu64 isotope

Cu diffusion is fast 

in CoCrFeNi, 

exceeding the self-

diffusion rates by 

orders of 

magnitude at lower 

temperatures
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ÅLattice sites, charge and spin states of Fe in 

InxGa1īxN studied with emission 

Mössbauer spectroscopy

Spokesperson(s): H. Masenda / H.P. 

Gunnlaugsson

In collaboration with Prof. R. Adhikari

IS630

11/02/2026Dr. Juliana H.-Schell
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IS630: Effect of co-doping in AlGaN

ü Substitutional Fe3+ state

ü Fe2+ stateassociatedwith VN

ü In Mn dopedAlGaN: Unusualchargestateof Fe



10

Result: co-doping promotes unusualchargestatesFe4+-Mn2+ which is pronouncedin low

AlGaN:Mnwith low Al (<50%) 
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IS668, IS715, LOI281

Å Quantum colour centers in diamond studied 
by emission channeling with short-lived 
isotopes (EC-SLI) and radiotracer 
photoluminescence

Spokesperson(s): Wahl, U. / Pereira, L.M.C.

Å Study of the radiative decay of the low-
energy isomer in 229Th

Spokesperson(s): Chhetri, P. / Van Duppen, P.

Å Quantum emitters in diamond containing 
octupole-deformed nuclei for electric dipole 
moment experiments

Spokesperson(s): Wahl, U. / Pereira, L.M.C.

11/02/2026Dr. Juliana H.-Schell
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EC-SLI collaboration: recent publications
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ÅIdentification of the split-vacancy configuration of 

SnV- in diamond

[Phys. Rev. Lett. 125, 045301 (2020)]

ÅMgV- as a new single-photon emitter in diamond

[ACS Photonics 10, 101 (2023)]

ÅLow thermal-stability of the GeV defect in diamond

[Mater. Quantum. Technol. 4 025101 (2024)]

ÅSSP contribution to the 229Th breakthrough

[Nature 617, 706ï710 (2023)]

Quantum Photonics Lab in Building 508
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ÅAnalysis of EC data for various isotopes in diamond collected before LS3: 
ĮįNe, Į Na, ĭAr, Ca, Mn, Fe, Ga, Kr, ĭĭĭIn, ĭĮ In, ĭį Xe, ĭPr

Å 229Th EC data on CaF2, thin films and on MgF2 crystals collected before LS3 

ÅHigh-resolution low-temperature PL measurements (in collaboration with 
FRIB/MSU) on diamond samples implanted with Pa and Th at ISOLDE before 
LS3

ÅOptical characterization and isomer excitation experiments using photonic 
devices implanted with 229Th at ISOLDE before LS3

EC-SLI collaboration: data to be analyzed during LS3
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Å Development of new rare-earth-free hard magnetic 

materials

Spokesperson(s): Zyabkin, D. / Schaaf, P.

eMIL and eMMA development

11/02/2026Dr. Juliana H.-Schell

IS670 and eMIL: emission Mössbauer Spectrometer from Ilmenau
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eMMA: Emission Magnetic Mössbauer Analyzer

Versatile: user-friendly software and a multi-purpose hardware and implantation chamber

Temperature range: 100 K to 700 K

High-vacuum: fast pumping

Magnetic Field: up to 2.5 T

CERN-INTC-2020-008 / INTC-I-211 08/01/2020



16

beam

Advantages:

Å Finite thermal budget control;

Å Rapid melting and solidification. Selective elemental mixing in 

heterogeneous layered compounds;

Å Possibilities to oxidize, blend, create and measure various compounds;

Å Increased safety due to automation and second-fast sample change

(great for chemical and medical studies) without vacuum breakage.

Å During cyclical automatic change of targets the optimal implantation time 

does not depend on the intensity.

Forevacuum

Future: Instrumentation: eMS for Rapid Processes
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ÅNuclear moments of excited states in 
neutron rich Sn isotopes studied by on-line 
PAC

Spokesperson(s): Haas, H. / Georgiev, G.

ÅPAC studies of isolated small molecules: 
The Pb nuclear quadrupole moments and 
further cases

Spokesperson(s): Haas, H. / Schell, J.

IS673 and IS703

11/02/2026Dr. Juliana H.-Schell
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Nuclear moment studies using the TDPAC technique @ ISOLDE

Å Commissioning of an on-line TDPAC setup @ ISOLDE ïApril 2025

ï 132In Ą132Sn ïthe 6+ (t1/2 = 20 ns) implantation in Fe (Bhf(SnFe) ~ -8T)

ï Implantation rate ~107 pps

ï a total of ~105g-gdetected

Nuclear moments studies

Å requires higher beam 

intensities

(104ï108 pps) ïcloser to 

stability compared to b-decay 

studies 

e.g. @ IDS

Å could be done in parallel with 

more exotic investigations

either at GLM/GHM or other 

beamlines (LA1) provided fast 

beam switch available after LS3
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IS640(completed) > 111Cd(5/2+) Quadrupole moment   PRL126(21)103001: Q=.664(7)b, before: Q=.766(3)b 
IS673(analysis finished) > 119Sn (3/2+) Quadrupole moment: Q=.094(3)b, presently accepted: Q=.132(1)b 
IS703(initial tests) > 204Pb (4+)Quadrupole moment, presently used: Q=.44(2)b

119Sn (3/2+) history
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Analysis completed:  CdCd, ZnZn PRB109(24)064104, before: T3/2 "myth"
Confirming experiment:  111Cd(5/2+)Zn Cry12(22)1264
New analysis found discrepancy:  113Sn(11/2-) Sn Int245(24)68
Additional data needed:  116Sn(5-) Cd,  116Sn(5-) Sn,  111Cd(5/2+)Zn(low T) 

EFG temperature dependence
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IS673: Nuclear moments of Sn 5- isomeric states (On-line data)

Found very suitable PAC case for 124In > 124Sn(5-)
Source half-life: 3.7s (shortest yet used for PAC !) 

State half-life: 520 ns (not 270 !)
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IS683

ÅCharge and spin states of Fe in binary 
compounds 

Spokesperson(s): L. Hemmingsen, 
Gunnlaugsson, H.P. 

11/02/2026Dr. Juliana H.-Schell
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Fenholtet al. Manuscriptin preparation
Kobayashi et al . J. Radioanalyt . Nucl . Chem. 255, 403 ï406, 2003 

MD simulation:

Fe(VIII)O4 stable on 

short time scale (ps) 

in KMnO4 crystal

IS683: 57Mn implanted in KMnO4(s) - emission Mössbauer 

spectroscopy
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ÅTracer diffusion and PAC measurements 

of 111mCd tracer atoms in A3B 

compounds

Spokesperson(s): Divinski, S. / Schell J.

In collaboration with Prof. Gary S. Collins

IS713

11/02/2026Dr. Juliana H.-Schell
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IS713: PAC Tracer diffusion measurements

Correlation effects in solids

The correlation factor for tracer diffusion in L12 compounds is being determined by

combining the radiotracer measurements of the long-range diffusion and PAC spectroscopy

for determination of the diffusion correlation factor.

Experiments with Cd diffusion in L12 lattices of Ni3Al and Pd3Gd are proposed to perform.

The ordered L12 structure A3B. The sublattice of A-atoms (lines 

connecting filled circles) is the relevant diffusion sublattice for 

which the correlation factor will be determined. The ratio w2/w1

largely determines the value of the correlation factor within five-

frequency model updated to an A3B compound.

w

D
f

2

6

?
=

non-homogeneity of the alloys
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Å Microscopic insight by nuclear hyperfine methods on 
ferroic Perovskites

Spokesperson(s): Lopes, A.M.L / Schell, J.

Å Oxide and Metal Halide Perovskites: Temperature-
Dependent Dynamic Nature of Crystal Structure and 
Symmetry Relations

Spokesperson(s): Gomez, C./ Rocha-Rodrigues, P./Alves Dos 
Santos, R.

Å Probing Energy Efficient Perovskites

Spokesperson(s): Lopes, A.M.L / Schell, J.

IS738, IS730, IS679

11/02/2026Dr. Juliana H.-Schell
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Tc >1057 K

Probing the prototypical hybrid 

improper ferroelectric: Ca3Ti2O7

Two

Inequivalent

Ca sites

Ca
RS Ti

O

Ca
PV

Cd
RS

Cd
PV

R(t) and EFG parameters probed from 10 to 1200 K

Remaining questions:
Å Polarization anomaly:

Anomalous decrease of FE polarization in the A2ϛam

phase well below Ὕ .

ὠ vs polarization ð role of A-site displacements?

Å Paraelectric symmetry:

High-T structure: tetragonal ὍτȾάάάor distorted 

orthorhombic ὃὧὥὥ?

Ca3Ti2O7: Probing the structural path from polar to the aristotype

symmetry and the anomalous FE Polarization decrease
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ÅProbing structural transitions in M(II) 

vanadates (M = Zn, Mn, Cd, Ca) with 

TDPAC spectroscopy

Spokesperson(s): Carbonari, A. W. / Burimova, 

A. / Schell, J.

IS732

11/02/2026Dr. Juliana H.-Schell
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IS732

11/02/2026Dr. Juliana H.-Schell

CaV2O6
V2O5, Cd-doped V2O5

CdV2O6, Cd2V2O7

Ca2V2O7

MnV2O6

Mn2V2O7

ZnV2O6

Zn2V2O7

Vanadates

TDPAC in V2O5: Solved or Cold?, HFI 2023, Nara, Japan Vzz andhx Temperature

Initial TDPAC Investigations on Calcium Metavanadate, HFI 2025, Gdansk

One MSc. finished 12/2025 and one Ph.D. finished 02/2026

Now, Waiting for DFT calculations
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ÅEmission Mössbauer spectroscopy of topological 

kagome magnets

Spokesperson(s): Mantovan, R./ Lesne, E. 75th INTC, 7th

February 2024

IS749

11/02/2026Dr. Juliana H.-Schell
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IS749: 75th INTC, 7th February 2024

11/02/2026Dr. Juliana H.-Schell
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Å Magnetic origins of epitaxial MAX phase Mn2GaC-based thin 

films probed by Emission Mössbauer Spectroscopy

Spokesperson(s): Qi, B. / Tao, Q.

IS754

11/02/2026Dr. Juliana H.-Schell
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IS754

11/02/2026Dr. Juliana H.-Schell
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ÅLocal study of Lithium Niobate 

domain walls

Spokesperson(s): Schell, J. / Eng, L.

IS760

11/02/2026Dr. Juliana H.-Schell
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IS760: Local Study of Lithium Niobate

Domain Walls

A prominent scientific challenge to obtain renewable

energy-harvesting solutions requires the investigation

of materials functionalities down to the atomic scale.

The experiment in June this year made a significant improvement in terms of understanding the local scale

phenomena in lithium niobate using the perturbed angular correlation technique. It was possible to detect the local

conductivity effect on the domain walls and get insight into the mechanisms of electron transport and charge trapping in

charged LNO domain walls.

Lithium niobate is a ferroelectric material with applications in

optical wave guides and modulators, mobile phones, piezoelectric

sensors etc. and important for a sustainable future.

Single domain poled (SD) and periodically poled lithium niobate

(PPLN) samples were investigated using the 111mCd probe

implanted at 30 keV. The directions of emitted ɔ-rays are measured

as a function of decay time.

111mCd probe in the

domain walls

PPLN                                 SD

Time (ns)                          Time (ns)

111mCd probe in

regular Li-sites
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Å Emission Mössbauer spectroscopy of superconducting NbN thin films implanted 

with magnetic species

Spokesperson(s): Bonanni, A. / Adhikari, R. / Masenda, H.

Å Charge states of transition metal ions and local magnetic structure of dilute 

magnetic semiconductor (Ga,Fe)N:Mn ïan emission Mössbauer spectroscopy 

study

Spokesperson(s): Adhikari, R./ Masenda, H. / Bonanni, A.

Å Probing the local environments and optical properties in halide perovskites with 

short-lived radioactive isotopes

Spokesperson(s): Masenda, H.

No (conclusive) data obtained.

IS681, IS751, IS755

11/02/2026Dr. Juliana H.-Schell
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Instrumentation

ÅUpgrades on the 
software and hardware

ÅNew instrumentation

ÅKeep the scientific 
program on the frontiers 
of materials science

02/11/2026
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LOI248 Apparatus for Surface physics

CERNõsIon Implantation (ASCII) 

Å Beam energy: adjust the ion implantation 

energy from 60 KeV to 20 eV

Å Implantation temperature: RT to at least 

500 K

Å Ultra-high vacuum: 10-9 mbar for 

surface/interface studies

2/11/2026

Hans Hofsäss Doru LupascuNicole Lima

Juliana H.-Schell

Hannes Gürlich Felix JeschekCarl Jarschke

Koen Van Stiphout
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LOI249 Multifunctional Perturbed Angular Correlations (MULTIPAC) 

Magnetic field: up to 8.5 T

Measurement temperature: 3 K to 373 K

High vacuum: 10
-6

mbar

Mr. Thanh Dang

PhD candidate

Mr. Ian Yap

PhD Candidate

Dr. Nicole Lima Mr. Björn Dörschel

PhD candidate

Prof. Doru Lupascu Dr. Juliana H.-Schell
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CAEN DeskTop 5730S digitizer 
connected to 6-detector TDPAC setup 
at ISOLDE CERN

Å8 input channels

ÅADC - 14-bit & 500 MHz

ÅFPGA (Field-programmable gate arrays) 
algorithms for Digital Pulse Processing: Energy 
and time stamping analysis (Leading edge, 
CFD with linear interpolation on the Zero-
Crossing)

ÅCoMPASS Software: Communicates with digitizer 
and allows to read and store the data LIST mode

2025

Upgraded the 40 years old 
analog acquisition systems,  

LINE and PERM PAC 
machines installed at  ISOLDE 

CERN

LOI 276 - Data acquisition and Python processing using CAEN Digitizer 

DT5730S for Perturbed Angular Correlation Spectroscopy: the PACIFIC2

route.
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Ideas: implantation setup from Göttingen + rPL Setup

ǒPermanent implanter at ISOLDE, increase rPL capabilities.
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Science cases:

Å Color centers in diamond (continuation of IS668), also with actinides (Pa, Thé) as a platform for EDM 

experiments (follow up of LOI-281); 229Th nuclear clock materials and photonic devices (follow up of IS715)

Setups:

Å Expansion of rPL capabilities in QPL lab (b. 508)

ï 1-2 additional rPL setups at room temperature (50 kú per setup) to run parallel experiments (one implantation is 

much faster than one rPL experiment ïone setup is a bottleneck)

ï low-temperature rPL: 1-2 orders of magnitude better signal-to-noise ratio (ZPL narrows; less loss to PSB). Would 

allow to handle samples with 1-2 orders lower radioactivity activity: access to low-yield isotopes/elements, RP 

safety,é

Å Expansion of annealing capabilities: electron beam heating setup developed at KU Leuven (50 kú), for annealing 

in high vacuum up to 1600 ° C ïcrucial for many color centers in diamond. To be moved to ISOLDE (b. 508) 

before the end of LS3

short-term plans: during and immediately after LS3
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After LS3: Tracer diffusion measurements

43

Grain boundary diffusion in modern magnets

High-performance permanent magnets play an indispensable role in

manufacturing highly efficient motors and generators, contributing to

the sustainability of our planet.

Grain boundary diffusion of (Sm,Dy,Cu..) in sintered Nd-Fe-B magnets

is used to improve their magnetic properties. Though, reliable

radiotracer diffusion measurements are simply absent; however, they

are critical for ultimate understanding of grain boundary diffusion

kinetics.

Many isotopes in question can be received only

using ISOLDE facilities (Cu, Sm, Dy) and this is a

focus of this study. These measurements will be

combined with radiotracer measurements of Fe, Zr,

Co grain boundary diffusion in these materials at the

radiotracer laboratory, Institute of Materials Physics,

University of Münster.

The application of permanent magnets in different sectors 

mentioned in consumption % [Prajna Paramita Mohapatra et al 

2024 Mater. Futures 3 042101; DOI 10.1088/2752-

5724/ad70ce].

Prof. Sergiy Divinski
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Layered perovskites (NLP) combining negative thermal expansion, ferroelectric, 

photoferroic, and photocatalytic functionalities provide an exceptional platform to 

understand how local distortions control multifunctional behavior, with PAC 

accessing structural details beyond conventional limits.

Kitaev materials, including pyroxenes, represent a frontier for emergent quantum 

phenomena, where e.g. subtle local structural variations critically control magnetic 

ground states

Defect-engineered nanodiamonds open new directions for quantum and sensing 

technologies, where, complementary to other nuclear methods, PAC local 

hyperfine probes can deliver unprecedented insight into the atomic-scale structure 

and electronic nature of colour centers.

After LS3: PAC Perspectives
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After LS3: Atomic-scale characterization by TDPAC of

N-type silicon doped by neutron transmutation

45

3,1 % 

Process: doping by transforming Si to P atoms

Advantage: homogeneous doping with small resistivity variation

and high efficiency

Issues: 1) The process needs to be extended

to amorphous Si, with a minimum annealing

temperature that can eliminate defects

without causing crystallization. 2) There is a need for

atomic-scale investigation of defects.

Annealing effects of dark (sd ) and 
photo (sp) conductivities for non-NTD 
(circle), and NTDlight  (triangle), and 
heavy neutron dose(square).  
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Solution: TDPAC investigation with 111mCd Initial test of non-NTD Si measuredat
ISOLDE in June-2024.  

Application: solar 

cells and Si-PMT
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Å Scintillating ceramics (e.g. LuAG:Ce, GYAG:Ce), nano scintillating crystals (e.g.

LaBrϝ(Ce), CaBrϜ(Ce)), and heavy scintillating glasses (e.g. DSB:BaOï2SiOϜ,
GSO:GdϜSiOϟ) are pivotal in high-energy physics, medical diagnostic and

astronomy due to their fast response, high density, and radiation hardness.

Å Understanding their microscopic structure and

defect chemistry is essential for optimizing

performance in calorimetric and imaging detectors.

Innovative nanocrystal-based

scintillators for next-generation sampling calorimeters,

M. Soldani et al. EPJ Web of Conferences 320, 00020 (2025)

After LS3: Prof. Petko Krastev on the study of scintillating materials

11/02/2026Dr. Juliana H.-Schell
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42 Publications from 2021 to 2025

3 EC/PL

23 PAC

7 eMS

5 Bio PAC

4 Diffusion

+ publications 

in the pipeline

Pipeline affected 

by beam time 

cancelation. 
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Conclusions

From 2021 to 2025, solid-state physics at ISOLDE demonstrated the continued

strength of radioactive ion beam techniques as local probes of condensed

matter. The combined use of emission channeling, PL, PAC, emission

Mössbauer spectroscopy, and radiotracer diffusion enabled comprehensive

investigations of crystalline structure, magnetism, and dynamics in a wide

variety of materials.

These experiments underline the unique role of ISOLDE in bridging nuclear 

physics methods with condensed matter and materials science, and they 

provide a strong foundation for future studies of functional and quantum 

materials using radioactive probes.
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Additional slides (support for questions)

11/02/2026Dr. Juliana H.-Schell
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ÅRadiotracer diffusion in refractory high-

entropy alloys

Spokesperson(s): Divinski, S. 

IS627

11/02/2026Dr. Juliana H.-Schell
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IS627: Diffusion of Sc in HCP HfScTiZr high-entropy alloy

Using ISOLDE, 
46Sc isotope 

was produced 

and its diffusion 

was measured

MSDs is an important factor in determining the 

diffusion behavior of elements in high-entropy alloys



52

IS627: Diffusion of Sc in HCP HfAlScTiZr high-entropy alloys

Using 

ISOLDE, 46Sc 

isotope was 

produced and 

its diffusion 

was 

measured

MSDs is an 

important factor 

in determining 

the diffusion 

behavior of 

elements in 

high-entropy 

alloys
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Future: Tracer diffusion measurements

53

Diffusion in modern Ni- and Co- super-alloys

The modern superalloys contain Re, W, or Mo in significant amounts. ISOLDE facility can 

provide the required isotopes, e.g. Re-183, W-181, or Mo-99 for reliable tracer diffusion 

measurements and elaboration the required mobility databases.
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IS668, IS715, LOI281

Å Quantum colour centers in diamond 
studied by emission channeling with 
short-lived isotopes (EC-SLI) and 
radiotracer photoluminescence

Spokesperson(s): Wahl, U. / Pereira, L.M.C.

Å Study of the radiative decay of the 
low-energy isomer in 229Th

Spokesperson(s): Chhetri, P. / Van Duppen, 
P.

Å Quantum emitters in diamond 
containing octupole-deformed nuclei 
for electric dipole moment 
experiments

Spokesperson(s): Wahl, U. / Pereira, L.M.C.

11/02/2026Dr. Juliana H.-Schell
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ÅKU Leuven, U. Lisbon, and other 

collaborators

ÅResearch based on emission 

channeling (EC) and radiotracer 

photoluminescence (rPL) @ISOLDE, 

complemented by in-house 

techniques 

EC-SLI collaboration
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1) Radiotracer photoluminescence (rPL) method

ï establishing a unique new experimental method at ISOLDE ïelement specific photoluminescence spectroscopy

2) PbV color center: neutral versus negatively charged

ï first unambiguous identification of one of the most promising color centers in diamond (neutral PbV), thanks to the unique 

combination of EC and rPL at ISOLDE

3) Structural formation versus optical activation of split-vacancy color centers in diamond (GeV as model case)

ï solving a long-standing misunderstanding in the field: the formation efficiency of the split-vacancy defects is generally high and 

largely independent of processing parameters; it is the optical activation that strongly depends on processing. Only possible thanks 

to the combination of EC and PL

4) Detailed study of the lattice location of Th in CaF2

ï important input for the development of a solid-state nuclear clock based on the implantation of 229Th into photonic devices. Only 

possible at ISOLDE.

EC-SLI collaboration: publications in the pipeline

(4 PhD theses: JM, AL, BB, KD)
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5) High-temperature optical activation of SnV- defects in diamond

ï follow up of our first ISOLDE-based publication on color centers in diamond [Phys. Rev. Lett. 125, 045301 (2020)] that 

kickstarted this research line

6) Lattice location of implanted Er in diamond

ï growing interest for RE-based single-photon sources in diamond

7) Two-vacancy defects in Pa/Th/Ac-implanted diamond

ï the first feasibility step towards a new platform for EDM experiments based on actinide-implanted diamond

8) Interstitial He in diamond

ï low diffusion barrier for interstitial He ïimportant for 4He-based diamond dating

EC-SLI collaboration: publications in the pipeline

(4 PhD theses: JM, AL, BB, KD)



58

known ZPL of PbV-

209Pb Ÿ 209Bi 

(3.23 h) 

newly identified ZPL of PbV0

radiotracer photoluminescence @ISOLDE

Å after a proof-of-principle earlier this year with a known ZPL of 
GeV- , this is the first unambiguous identification of a previously non-
identified ZPL of major interest for quantum technology

Å using radiotracer photoluminescence (rPL) - unique technique 
implemented in the new Quantum Photonics Lab at ISOLDE

Å establishing rPL@ISOLDEas a new technique of great importance in 
the field of quantum materials (more after LS3)


