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CANREB overview 
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main components of CANREB 
 

o high resolution mass separator 
M/ΔM = 20,000 for beams from 
ISAC and ARIEL 

o charge state breeder A/q 5 - 7 
 RFQ cooler/buncher 
 EBIS charge state breeder 
 Nier spectrometer for highly 

charged ions 
 pulsed operation at 100 Hz 

ground floor 

B2 level 



HRS requirements 
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• mass range   up to A = 238 
• beam energy   60 keV 
• resolving power  20000 (no energy spread 3 µm emittance) 
      10000 ( 6 µm emittance) 
 
• stable operation over extended time (weeks) 
• fast set-up 
• low intensity beam diagnostics 

 
 



HRS - design 
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Schematic of HRS Layout 

multipole corrector 

example sextupole field 



HRS - status 
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o ion optical design completed 
(TRI-DN14-06, TRI-DN-16-09) 

o Concept design of high voltage 
platform completed 

o Mechanical design of beamline 
components ongoing  

o Conceptual design of Multipole 
completed (D-Pace); ECO 
released by the end of the 
January   

o Final diagnostic requirements 
for selection slits, emittance rig 
and profile harps being 
included in document-121991 

2 publications from EMIS 
2015 and more to come!!! 



HRS – dipole status 
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o Design aspects of the ARIEL-II HRS Dipole Magnet included in TRI-DN14-06  and 
TRI-DN-15-28 

o Final external design review February 27, 2015 

o procurement document for manufacturing signed, delivery 2017 

o First dipole steel manufacturing completed, second dipole to be completed by the 
end of January 

o Steel manufacturing inspection by TRIUMF to occur in the second half of January 

o procurement for vacuum chamber signed, manufacturing started 

OPERA model of 
HRS Dipole Magnet 



HRS – dipole status 
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pole on top of yoke 

field clamps 

coil winding and wrapping 



charge breeding system 
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pulsed drift tube 

60 kV 

10 -15 kV 



RFQ buncher 
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• gas filled radio frequency quadrupole (1-3 MHz) 
• capturing of singly charged ions at 60 keV 
• accumulating section 
• release as ion bunches 
• pulsed drift tube for energy matching to accelerator 

external design review June 14, 2016 
• detailed design nearly finished 
• manufacturing of parts started 
• prototype testing for pulsed drift tube done 



11/1/2017 F. Ames,  CANREB status 10 

RFQ buncher 
detailed design for RFQ structure 



RFQ electrodes parts 
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• Design 
drawings for 
RFQ structure, 
surrounding 
optics released 
to shop 

• Differential 
pumping and 
RFQ electrode 
parts are being 
manufactured 



pulsed drift tube 
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prototype test set up 



pulsed drift tube (PDT) test results 
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• Desired voltages, 
rise time reached – 
PDT design 
concept validated 

• Results will inform 
improved enclosure 
design to reduce 
discharge 



EBIS requirements 
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• beam acceptance 
o singly charged ions  
o 106 ions per bunch 
o E 10 -14 keV 
o transversal emittance 5 μm 
o bunch length 1 μs 

• charge state breeding 
o A/Q 5 -7,  
o 10-20% in the desired charge state 
o 100 Hz repetition rate 

• highly charged ion beam properties 
o E 10 - 14 keV x Q 
o δE <= 100 eV x Q 
o transversal emittance <= 20 μm 
o bunch length up to 1 ms 

• background ions 
o minimize contaminations 
o ultra high vacuum 5 x 10-12 mbar in trapping region 

 



EBIS design 

11/1/2017 F. Ames,  CANREB status 15 

Electron 
gun 

Collector 

Trap 
region 

Magnet 



EBIS design specifications 
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• magnet 
o superconducting 6 T  
o dB/B < 10-4   

• electron beam 
o Imax = 550 mA 
o electron beam density in trap 

region 20 000 A/cm2 

o effective density (seen by 
ions) 1300 A/cm2 

o beam diameter in trap region 
60 μm 

charge state breeding for various elements 
simulation with DITHER  

A/Q =7 



EBIS setup 
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Electron 
gun 

Collector Trap 
region 



EBIS superconducting magnet 
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The magnet arrived back in Heidelberg in October. It 
was thoroughly tested (several induced quenches) 
and is working fine. 

To prevent future damages the steel rods supporting 
the magnet were made with a larger diameter, among 
other repairs. 

The superconducting magnet arrived in 
Heidelberg in May.  

It was damaged during a quench in June 
and send back to the manufacturer. 



EBIS trap electrodes assembly 
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EBIS electron gun 
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Electron gun is in assembly, some small parts 
need to be altered by the workshop 



EBIS electron collector 
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The magnetic coils for electron gun 
and collector needed to be wound 
and glued manually  

collector assembly ready for installation 



EBIS status 
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- Superconducting magnet repaired, redelivered, installed and thoroughly tested- 
works  

- Last components are produced and altered in the MPIK workshop  

- Trap electrodes are installed inside magnet 

- Collector and e-gun are nearly finished, will be installed in the next days/week  

- Lab infrastructure ( cooling water supply, pressurized air, …) have been 
installed 

- Ongoing simulations on injection/extraction/charge breeding 



Nier spectrometer and beam lines 
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Nier spectrometer optics simulation 
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beam envelop for 133Cs19+ @266 keV  
(A/Q =7@ 2 keV/A) 

phase space at mass slit 
δE = ±0.25%, δM = ±0.5%  



Nier spectrometer magnet 
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magnet assembly and testing at manufacturer 
delivery to TRIUMF in February 2017 



Nier spectrometer and beam lines 
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• optics lay out for Nier spectrometer done 
 

• will use standard ARIEL RIB  
  beam transport elements 
• electrostatic elements in front of EBIS  
  to be switched 
 
• matching of RFQ beam to pulsed drift tube  
  and EBIS to be finalized  
 
 

Nier spectrometer optics 



CANREB schedule 
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• magnet delivery to TRIUMF     April 2017 
• magnet tested (field mapping)    January 2018 
• Installation finished      June 2018 

 
• parts ready for installation     May 2017 
• installation finished      April 2018 

 
• shipment to TRIUMF       September 2017 
• installation finished      May 2017 

 
• magnet delivery to TRIUMF     February 2017 
• installation finished       June 2018 

 
• with stable beam (CFI deliverable)  July to October 2018 
• with beam from ISAC      2019 

HRS 
 
 
RFQ 
 
 
EBIS 
 
 
Nier spectr 
beam lines 
 
Commissioning 
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Thank you! 
Merci 

TRIUMF: Alberta | British Columbia | 
Calgary | Carleton | Guelph | Manitoba |  
McGill | McMaster | Montréal | Northern 
British Columbia | Queen’s | Regina | 
Saint Mary’s | Simon Fraser | Toronto | 
Victoria | Western | Winnipeg | York  

F.A., Rick Baartman, Carla Barquest, Brad Barquest, Michael Blessenohl,  
George Clark, Jose Crespo, Jens Dilling, Stepan Dobrodoy,  
Leigh Graham, Renate Hubele, Rituparna Kanungo, Reiner Kruecken,  
Jim Maloney, Marco Marchetto, Norman Muller, Matt Pearson,  
Mike Rowe, Suresh Saminathan, Brad Schultz, David Wager 
 
+ TRIUMF service groups 
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