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Today’s trivia question 
• Back in January 2013, the mass 

spectrometer ISOLTRAP at ISOLDE made 
ions travel how many kilometres during a 
test? 
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Preparatory beam cooling 

Introduce a Penning trap in ISOL-line to: 
 accumulate 
 phase space cool 
 bunch the beam 
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Energy loss due to buffer  
gas collisions: F=-δmv 
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• Produces highly charged ions 

• e- beam compressed by solenoid B-field 

• Ions are trapped in a magneto-electrostatic trap 

• Ionisation by e- bombardment from a fast,  
dense mono-energetic e- beam 

injected  
     1+ 

extracted 
       n+ 



REXTRAP REXEBIS 



Constant worry - clean beams? 

Extracted beams from REXEBIS as function of A/q showing residual gas peaks and  
charge bred 129Cs. The blue trace is with and the red trace without 129Cs being injected. 



Miniball – the experimental workhorse 

• High efficiency, low multiplicity spectrometer 
 

• Coulomb excitation and transfer experiments 
 

• 300 keV/u – 3 MeV/u beam energy 
 

• 24 HPGe detectors, 6-fold segmented  
with Si barrel for Doppler correction 
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284 isotopes with T1/2 > 109 year 
 

Slide: M. Huyse 



<1940   1940    1950   1960   1970   1980 
495     822    1244   1515   2010   2270 

Thousands of isotopes  
with T1/2 > 1 microsecond  
have been produced artificially 

~6000 isotopes (unique combinations of protons  
and neutrons) are thought to be possible! 
 



Production  

Mass  
separation 

Ionization 

Single charge: 
•Surface 
•Plasma 
•RILIS 
•ECR 

Post acceleration 

1-1.4 GeV 
p 
2 µA 

Delivers yearly 3200 h of radioactive 
ion-beams to 30 experiments by 

means of  two target stations 

ISOLDE isotope factory 

Jonson, B., & Richter, A. (2000). More than three decades of ISOLDE physics. 
Hyperfine Interactions, 129, 1–22. doi:10.1023/A:1012689128103 http://isolde.web.cern.ch/ISOLDE/ 

http://isolde.web.cern.ch/ISOLDE/
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ground State 

excited states 
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Ionization and extraction 
Resonance laser ionization  
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~10 cm 

Proton beam      
  from PSB 



Laser access to 
the targets 

RILIS 
CABIN 



RILIS 
Schematic 



RILIS in 
action 



RILIS in 
action 



Atomic structure of 
astatine • Most abundant isotope 218At, (t1/2 = 1.5 s) 

• I.Asimov: 1st mile of earth’s crust : 70mg (~3.5 atoms/ kg) 
• Artificial production:209Bi(α,2n)210At, Corson et al. (1940)  
• First optical spectroscopy of 210At, 70 ng sample, (2x1014 atoms), McLaughlin 

(1964) 
• Ionization potential (IP) unknown – last in the list of naturally occurring 

elements 

Energy Levels of neutral Astatine (from NIST) 

[M64a] R. McLaughlin, J. Opt. Soc. Am. 54, 965 
(1964) 

Theoretial predictions of IP(At) 
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Prior to this work: 
This is all that was known about  
the atomic structure of astatine! 



Astatine beams 
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Step 1: 
Ionization scheme development 
 study of the atomic structure 
Step 2:  
Measure the ionization potential 

Step 3:  
Use the best scheme for nuclear 
structure studies by atomic 
spectroscopy 

Step 4:  
The use of RILIS ionized At beams 
for other experiments at ISOLDE 
Decay studies/Mass 
measurements 



Astatine beams 

S. Rothe, PhD Thesis (CERN, Univ. Mainz 2012) 
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• Many new atomic 
levels were found 

• An efficient three-
step ionization 
scheme was 
determined 

• RILIS ionized At 
beams are now 
available and have 
already been studied 
at ISOLDE 
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Astatine ionization potential 

205At  

Rydberg-Ritz  
formula 

IPRydberg(At) = 75151(1) cm-1 

Spectroscopy of Rydberg levels by performing a high resolution laser scan across the 
IP.  >30 Rydberg levels found:  Precise I.P obtained from Rydberg-Ritz fit to the data. 
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Sebastian Rothe  
watching the astatine 

 data appear! 



Today’s trivia answer 
Q. Back in January 2013, the mass spectrometer 
ISOLTRAP at ISOLDE made ions travel how many 
kilometres during a test? 

 
 

A. 34 kilometres 
http://home.web.cern.ch/cern-
people/updates/2013/01/new-ion-trap-extends-reach-
nuclide-mass-experiment  
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cern.ch/LHCathome 



http://www.quantumdiaries.org/author/cern/ 



Next week’s Hangout with CERN 
• Thursday 30 May, same time 17:00 CEST 

• All eyes on ISOLDE 

 



Participants 
Mark Huyse, KU Leuven  

Liam Gaffney, KU Leuven  

Thomas Cocolios, University of Manchester 

Fredrik Wenander, CERN 

Valentine Fedosseev, CERN 

Bruce Marsh, CERN 



Credits 
Steven Goldfarb –– Host 

Achintya Rao –– Q&A from Social Media 

Kate Kahle and Achintya Rao –– Production 

 

 

 

Thank you for watching! 
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