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Open Questions
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• How a nucleus is formed from their constituents
 Strong force in nuclear medium

• How to explain the collective properties from the individual 
behaviour

 Collective versus individual Properties
• Why do  we have regular patterns in the behaviour of 
nuclei? 

 Identification of Symmetries

Observables:
• Basic ground state properties: 

mass, radius, moments J, μ, Q 
• Half-life y decay process
• Transition probabilities

Theoretical Models:
Shell Model (magic numbers)
Mean field Calculations (collective properties)
Ab Initio Calculations (light nuclei)



New Class C type area



Studying nuclear structure
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Ex
 The atomic hyperfine structure gives you information on:

 Nuclear spin

 Magnetic moment

 Quadrupole moment

 Relative charge radii

 Method: COLLAPS, CRIS (laser spectroscopy)

 The mass of the nucleus gives you information on:

 Binding energy

 Proton and neutron separation energy

 Method: ISOLTRAP (mass spectrometry)

 Spectroscopy of the nucleus gives you information on:

 Life time

 Decay mechanism

 Branching ratio

 Nuclear reactions, …

 Method: IDS, MINIBALL, ISS, SEC, TAS 





Penning-trap mass spectrometry
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determination of 
cyclotron frequency

removal of 
contaminant ions

Bunching of the
continuous beam 

Beta- and gamma decay 
studies

10 ms, 1-10%

10-100 ms, >50%

50 ms - 1 s,
100%

50 ms - 10 s, 
100%

ISOLTRAP setup
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From cyclotron 
frequency to mass

Relative mass 
uncertainty 
around 10-8



Versatile ISOLDE Decay Station (IDS)

• Implantation on  Tape 

• 4 Ge Clovers at Backward 
angles

• 2 LaBr3

• 1 plastic scintillator

• Data on 129In, 34Mg, 34Al..
7

Life Time Measurements High efficiency Gamma Spectroscopy 

• Implantation on  Tape 
• 4 Ge Clovers at Backward 
angles
• 1Miniball Detector (triple 
cluster)
• 3 plastic scintillators
• 207,208Hg, Mn

Charged Particle Spectroscopy

• Implantation on C foil
• 4 Ge Clovers at Forward angles
• Si box





Neutron deficient Hg





Neutron deficient Sn





Ground state properties of
neutron deficient Sn towards
100Sn.

Excited state properties of
neutron deficient Sn towards
100Sn



XT03

Medical 
Biophysics

Cu FT
In FT
Bi FT/in-source
Tl/Hg SPEDE

Sc/In
70Br

n-def In
n-rich K
n-def Sn

Ge + S
Sc
n-rich Sb

119Sb for biopac
149Tb/152Tb 
199Hg 
Ac beam development

b-NMR on liquids Good Mn run 

Mg,Be
Mn, Ac

Parallel Hg/Cd Travelling 

8B @ LA1
22Mg @ LA1
Ac development
(2 setups)
GANDALPH (-ve)

Later….

TISD/MD

-ve beams
LIST 
New n-conv
RFQ MD
HIE MD
FTS commissioning
(no LIEBE)



ISOLTRAP : experimental campaigns in 2018

Precision
Penning trap

April 2018 – LaCx + RILIS: high-quality Indium beams. 

PI-ICR technique allows first 
mass measurement of  
101Ing,m.

• 52-55Sc run (RILIS+Ta-foil target)
• Confirms that neutron rich Sc up to A=52 are produced 
• Stable Ti-V-Cr isobaric contamination too strong 
• Impossible to measure the Sc isotopes of interest 
• Run redirected to In 

• 70Br Qec value : Mai 2018 
• lower production rate and higher than expected contamination 

Penning trap measurements 
improve the mass uncertainty 
of 100In by a factor 100.

MR-TOF MS allows first mass 
measurement of 99In







Sensitivity, yield and impurities

All the aforementioned techniques have their own specific
limitations/requirements: 

• CRIS sensitive to ~100 ions / s 
• Requires bunched beam (i.e. HRS)
• ISOLTRAP sensitive to ~0.5 ions/s (if clean)
• Coulex requires at least 100 ions/s at setup i.e. at least 1000/s yield (ideally

x10 more both ends)
• Impurities can always be a problem either isobaric, double-charged etc etc

from target or products of ion source 
• Release information can be crucial for experiments: detailed yield analysis

required. 


