
 
 
 
 
 

 

 

Minutes of ENSAR2 MIDAS-NA Hands-On Training 
at Laboratoire de Physique Subatomique et de Cosmologie 

23-25 January 2018 
 

"ECR Charge breeding, calcium oven and Allison type 
emittance-meter" 

 

Participants 
Daniel Cortazar (UCLM), Ana Megia (UCLM), Fabio Maimone (GSI), Hannu Koivisto (JYFL) 

Local Organizers 
Julien Angot (LPSC), Thomas Thuillier (LPSC) 

 

Introduction 
The LPSC Hands-on training was held at LPSC from Monday January 23rd to Wednesday 25th. Initially 
dedicated to the 1+N+ charge breeding technique, the training scope was enlarged to a training on a 
low temperature oven (applied to calcium) and an Allison type emittance-scanner. In the following, 
the minutes of the hands on training are reported chronologically.  

Tuesday January 23rd 2018 
Morning session 
After a general introduction of the hands on training agenda, a lecture is given to the participants to 
present the low temperature oven built at LPSC dedicated to the temperature controlled calcium 
evaporation in the PHOENIX V3 ion source. The lecture continues with a presentation of the Allison 
type emittance scanners of LPSC. Mechanics is reviewed, the process to measure the emittance is 
given, along with noise treatment and usual data analysis. Basics of beam emittance are recalled for 
convenience. After the coffee break, a visit of the low energy beam line hosting the PHOENIX source is 
proposed. 

Afternoon session 
The training continues with a general lecture on the ECR charge breeding technique. The history of the 
method, its applications to radioactive ion beams facilities and the 1+N+ tests bench of LPSC are 



 
 
 
 
 
presented. Then the work continues with a visit of the 1+N+ test bench. The different equipment and 
functionalities necessary to operate the low energy beam line are reviewed. In a first step, the Charge 
breeder is used as a classical source to produce an oxygen plasma. The participants tune the ECR source 
to optimize the production of O6+ charge state. Ion spectra are measured and analyzed to check the 
plasma content. 

Wednesday January 24th 2018 
Morning session 
The Hands on training continues with the PHOENIX Charge breeder (CB). This time, the goal is to 
produce 1+ argon beam with the COMIC source and inject it into the booster operated with oxygen 
buffer gas. The 1+ ion source and the ECR CB are started. After tuning the 1+ LEBT optics, the 1+ beam 
is injected into the CB. Several N+ ion spectra (measured downstream the ECR CB) are registered: first 
before 1+ injection and second, during 1+ ion injection. The spectra are subtracted to identify the argon 
N+ ions (m/q). The voltage difference ΔV between the 1+ and the ECR CB ion source is varied and the 
effect on the Ar8+ beam response recorded. The intensity of Ar8+ ions as a function of ΔV is plotted 
and its shape discussed. Then the 1+ injection was pulsated to measure the charge breeding time of 
Ar8+ (ie time between ion A+ injection and Ar8+ extraction from the booster). A 15% efficiency was 
obtained for conversion from Ar1+ to Ar9+. Finally, the COMIC 1+ ion source was removed and 
replaced by a surface ionization ion gun equipped with a rubidium pellet. The trainees participate to 
the process of vacuum venting, dismounting the COMIC source, mounting the ion gun and pumping, 
then cabling and testing the appropriate command control of the ion gun. The experiment was then 
stopped to let the LEBT pressure drop down to normal operating conditions.  

 

 

 

Figure 1: (left) photo of the COMIC 1+ ion source and the ion gun (right) based on surface ionization used on 
the 1+N+ test bench. 

Afternoon session 
The hands on training continues on the LEBT equipped with PHOENIX V3. The LEBT is simple and 
features: the ion source, a magnetic focusing lens, a dipole and a set of diagnostics (Faraday cup, 
emmitance-meters). The ion source was recently vented to install a second waveguide and strong 
outgassing was observed. The vertical emittance-meter was recently upgraded and installed under 



 
 
 
 
 
vacuum, but a test of operation during the training showed that one of the signal necessary to measure 
the emittance was missing and thus the vertical emittance meter was not operational, while the 
horizontal one was ok. The source was set to an easy operating point to produce beam (O2+) requiring 
low microwave power (~100 W). Several emittances were measured with the horizontal Allison 
scanner as a function of the magnetic focusing lens current intensity. Such a modification changes the 
beam size in the bending magnet and changes the beam emittance, due to the sextupolar component 
of the dipole magnetic field. This phenomenon is illustrated on the figure 2 where one can see how 
the whole emittance bends when the beam size increases in the dipole (effect linked to a reduction of 
the focusing lens current intensity). Some raw emittances included noise for given values of the 
horizontal position. The process to suppress such a specific background was discussed. 

 

Figure 2: O2+ horizontal Emittance measured during the Allison scanner hands on training for different beam 
size passing through the analyzing dipole. The red ellipses are 1 sigma root mean square emittances. 

Thursday January 25th 2018  
Morning session 
The hands on training continued on the 1+N+ bench. This time, condensable Rb+ ions were injected 
into the ECR booster. The charge breeder was running in a degraded mode, with a reduced field at 
injection due to a power supply failure (maximum current of 750 A, while 1200 A is usually used). The 
capacity to capture and charge breed 1+ ions to high charge states was thus significantly reduced. A 
direct test was performed to try to detect the Rb15+ in the N+ Faraday cup located downstream the 
analyzing dipole. No Rb15+ signal was visible. So a study was done to check that the 1+ beam was well 
transported through the ECR CB. The ΔV potential was increased to -15V to make the 1+ ions travel 
quickly through the booster, preventing them from being captured. Then the 1+ beam was measured 
in the N+ Faraday cup located after the analysis bending magnet. The ΔV potential was reduced to 
grant the 1+ beam capture. The N+ dipole was set to Rb15+ tuning, but the signal was still not available. 
The N+ dipole was tuned to measure Rb11+ current: this time, a small charge bred ion signal was 
detected. The 1+N+ beam line was then tuned (1+ dipole, 1+ steerers, 1+ focusing elements) to 
optimize the N+ signal. The hands on training continues with N+ spectra measurements, evolution of 



 
 
 
 
 
the intensity of Rb11+ ions vs ΔV potential, and charge breeding time measurement of Rb11+ when 
pulsating the 1+ beam. Horizontal emittance of the 1+ beam showed the natural presence of the 2 
isotopes 85Rb+ and 87Rb+ in the 1+ beam. Finally, the N+ spectra were analyzed, emphasizing the 
technique to isolate the N+ charge bred signals.  

 

Figure 3: I(Rb11+) vs ΔV curve measured during the training. 

Afternoon session 
The hands on training continued with a test of the calcium oven prototype presently developed for the 
PHOENIX V3 ion source (SPIRAL2 project). The oven is designed for a theoretical operation up to 600°C. 
The oven was slowly ramped up at low power (~50 W vs 200 W max) to reach 300°C in one hour. Then 
the oven temperature was increased by successive steps from 300 to 450°C and ion spectrum were 
recorded. The spectra were analyzed to sum up the intensities of calcium produced. The evolution of 
calcium evaporation in the oven as a function of temperature is presented in figure 4. An intensity of 
19 µA of Ca16+ was recorded in the spectrum taken at 16h31. 

 

Figure 4: evolution of the total calcium ion flux analyzed as a function of the oven temperature 

  



 
 
 
 
 
 

Annex: detailed Agenda 
 

 
Tuesday 23rd  Wednesday 24th Thursday 25th 

9h-10h30 Introduction & 
Calcium oven lecture 

Charge breeding hands 
on training 2 

Charge breeding hands on 
training #3 

10h30-10h45 Coffee break Coffee break Coffee break 

10h45-12h30 Visit of the ion source 
hall 

Charge breeding hands 
on training 2 

Charge breeding hands on 
training #3 

12h30-13h45 lunch lunch lunch 

13h45-15h45 Charge Breeding lecture 
and Hands on training 
#1 

Lecture on Allison type 
emittance scanner 

Calcium oven hands on 
training 

15h45-16h00 Coffee break Coffee break Coffee break 

16h00-17h30 Charge Breeeding 
Hands on training #1 

Hands on Training 
emittance scanner 

Discussion & conclusion 

19h30 
 

Social Dinner at 
L’Epicurien* 
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