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MOTIVATION 

 Post-accelerated radioactive beams at ISOLDE are currently delivered with a bunch 
spacing of 9.87 ns, defined by the RFQ frequency of 101.28 MHz. 
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MOTIVATION 

 Post-accelerated radioactive beams at ISOLDE are currently delivered with a bunch 
spacing of 9.87 ns, defined by the RFQ frequency of 101.28 MHz. 
 

 Some experiments have requested a bunch spacing of ~100 ns so that they can 
implement particle identification with time-of-flight techniques, e.g. a helical 
spectrometer experiment will ID the mass-to-charge state (A/q) of reaction products 
from time-of-flight measurements. 
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MOTIVATION 

 Post-accelerated radioactive beams at ISOLDE are currently delivered with a bunch 
spacing of 9.87 ns, defined by the RFQ frequency of 101.28 MHz. 
 

 Some experiments have requested a bunch spacing of ~100 ns so that they can 
implement particle identification with time-of-flight techniques, e.g. a helical 
spectrometer experiment will ID the mass-to-charge state (A/q) of reaction products 
from time-of-flight measurements.  
 

 Opportunity for other experiments to use beam time structure to reduce backgrounds. 
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CONCEPT: EXTERNAL BUNCHING INTO AN RFQ 

 External bunching into RFQ first proposed in ~1994 by John Staples (LBL, Berkeley) as 
a way of reducing the output longitudinal emittance of low intensity ion beams. 
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 External bunching into RFQ first proposed in ~1994 by John Staples (LBL, Berkeley) as 
a way of reducing the output longitudinal emittance of low intensity ion beams. 
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CONCEPT: EXTERNAL BUNCHING INTO AN RFQ 

 External bunching into RFQ first proposed in ~1994 by John Staples (LBL, Berkeley) as 
a way of reducing the output longitudinal emittance of low intensity ion beams. 

pre-
buncher V 

(f0/h) 
RFQ, f0 

100 ns (10 MHz) 

A view of longitudinal phase space at the RFQ entrance: 
 

f = 10 MHz f0 = 100 MHz 

Variation of voltage on pre-buncher 
from 0.1 to 2.0 kV 

 
Mixing 3 harmonics: 

10.128, 20.256, 30.384 MHz 
 

Drift distance fixed, L = 1.4 m 

10 ns (100 MHz) 
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CONCEPT: EXTERNAL BUNCHING INTO AN RFQ 

 Output of RFQ: Bunching efficiency is not perfect and a chopper is needed to remove 
“unbunched” background (specified today as <10-2). 
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 Output of RFQ: Bunching efficiency is not perfect and a chopper is needed to remove 
“unbunched” background (specified today as <10-2). 
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CONCEPT: EXTERNAL BUNCHING INTO AN RFQ 

 External bunching into RFQ first proposed in ~1994 by John Staples (LBL, Berkeley) as 
a way of reducing the output longitudinal emittance of low intensity ion beams. 
 
 Employed at many nuclear beam facilities around the world, for example: 
 

a. ATLAS (ANL, USA) 
b. ISAC (TRIUMF, CA) 
c. PIAVE (LNL-INFN, IT) 
d. ReA3 (MSU, USA) 
e. TRIAC (RIKEN, JP) (now shipped to an institute in Korea, I believe!) 
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This RFQ was retrofitted with external buncher, 
by request of experiments, like in our case. 
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FEASIBILITY STUDY OF PRE-BUNCHING 

 Feasibility of pre-bunching proven with simplified pre-buncher and LEBT model. 
 

Beam Dynamics Feasibility Study for an RFQ Sub-harmonic Pre-buncher at REX-ISOLDE 
I.B. Magdau and M.A. Fraser 
CERN-HIE-ISOLDE-PROJECT-Note-0015 

Single harmonic: 
10.128 MHz 

Voltage of 
pre-buncher, V 

Drift distance, L 

Transmission in Main 10 MHz bunch 
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Beam Dynamics Feasibility Study for an RFQ Sub-harmonic Pre-buncher at REX-ISOLDE 
I.B. Magdau and M.A. Fraser 
CERN-HIE-ISOLDE-PROJECT-Note-0015 

3 harmonics mixed : 
10.128, 20.256 and 30.384 MHz 
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FEASIBILITY STUDY OF PRE-BUNCHING 

 Feasibility of pre-bunching proven with simplified pre-buncher and LEBT model. 
 

Beam Dynamics Feasibility Study for an RFQ Sub-harmonic Pre-buncher at REX-ISOLDE 
I.B. Magdau and M.A. Fraser 
CERN-HIE-ISOLDE-PROJECT-Note-0015 

Infinite harmonics 
(“saw-tooth” linear bunching) 

Voltage of 
pre-buncher, V 

Drift distance, L 

Transmission in Main 10 MHz bunch 
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FEASIBILITY STUDY OF CHOPPING 

 Feasibility of travelling-wave chopper to remove closely spaced satellite bunches. 
 

Investigating the Feasibility of a Travelling-wave Chopper for the Clean Separation of 10 MHz 
Bunches at HIE-ISOLDE  
A. Mukhopadhyay, M.A. Fraser, R. Calaga, F. Caspers and  M. Paoluzzi 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0026 
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Transverse aperture ≈ 30 mm 
 

Main bunch to satellite bunch separation = βλ = 75 mm 
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RFQ EM SIMULATIONS 

 Simulated RFQ electrodes in EM field solver code to compute a field map. 
 

REX-ISOLDE RFQ Beam Dynamics Studies using CST EM Studio® 

M.A. Fraser and R. Calaga 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0025 
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 Attained original CNC milling files from Oliver Kester (GSI) used to cut electrode 
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RFQ EM SIMULATIONS 

 Simulated RFQ electrodes in EM field solver code to compute a field map. 
 

REX-ISOLDE RFQ Beam Dynamics Studies using CST EM Studio® 

M.A. Fraser and R. Calaga 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0025 

 
 Finished with a 3D field map, compared to first model used in feasibility study: 
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RFQ EM SIMULATIONS 

 Simulated RFQ electrodes in EM field solver code to compute a field map. 
 

REX-ISOLDE RFQ Beam Dynamics Studies using CST EM Studio® 

M.A. Fraser and R. Calaga 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0025 

 
 And particle tracking showing we understand the beam dynamics in the RFQ: 
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BASELINE LAYOUT: STAGE 1 (2015) 
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BASELINE LAYOUT: STAGE 3 (2017+) 
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PRE-BUNCHER GEOMETRY 
 
 
 
 
 
 

 Studied a single gap, gridless buncher mixing 4 harmonics of 10.128 MHz: based on 
experience of ANL and TRIUMF. 

 
Design Study for 10 MHz Beam Frequency of Post-accelerated RIBs at HIE-ISOLDE 

M.A. Fraser, R. Calaga and IB. Magdau 
Published in the proceedings of IPAC’13 

 
 Field map computed using CST EM Studio®: 
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Design Study for 10 MHz Beam Frequency of Post-accelerated RIBs at HIE-ISOLDE 

M.A. Fraser, R. Calaga and IB. Magdau 
Published in the proceedings of IPAC’13 

 
 Tune each frequency component to achieve a linear energy gain transfer to beam: 
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BASELINE PERFORMANCE: 
BEAM PHASE SPACE ENTERING RFQ 

 Chromatic aberrations are strong with electrostatic 
quadrupoles. 
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BASELINE PERFORMANCE: 
BEAM PHASE SPACE ENTERING RFQ 

 Energy spread from EBIS. 
 Isochronous effects cause phase lagging (path length 
differences) 

 Chromatic aberrations are strong with electrostatic 
quadrupoles. 

Matthew Fraser – ISOLDE Workshop 2013, 25 - 27th November 2013 

Transverse phase space 
x – x’ 

Longitudinal phase space 
Δϕ – ΔW 



BASELINE PERFORMANCE: 
BEAM PHASE SPACE EXITING RFQ 
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 Small transverse emittance growth with solenoids. 
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BASELINE PERFORMANCE: 
BEAM PHASE SPACE EXITING RFQ 

 Longitudinal emittance is reduced with multi-harmonic buncher 
(MHB). 
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 Small transverse emittance growth with solenoids. 

Transverse phase space 
x – x’ 

Longitudinal phase space 
Δϕ – ΔW 



BEAM DYNAMICS RESULTS 
BASELINE SCENARIO 
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BASELINE SCENARIO 
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Quite a conservative estimate of the emittance: 
others have quoted these numbers as total emittance. 
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FURTHER WORK… 
 
 
 
 
 
 

 Simulated the A/q-separator with COSY-∞ and TRACK: now have a useful tool for more 
complicated design studies: 

 
Beam Dynamics Simulations of the REX-ISOLDE A/q-separator 
M.A. Fraser, D. Voulot and F. Wenander 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0027 

EBIS 

RFQ, f0  
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a. place for prototyping 
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 More discussion with users as to requirements: better understanding of the effects of unbunched 

background, can < 1% specification be revised? 
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AUTOMATIC CAVITY PHASING ROUTINE 

 Developed a software routine to calculate and send the rf phase and voltage to each 
cavity of the HIE-ISOLDE linac. 

 
An Automatic Cavity Phasing Routine for HIE-ISOLDE  
S. Haastrup and M.A. Fraser 
To be published. 
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To be published. 

 
  Tests with two cavities at REX carried out: 

 
Preliminary Beam Tests at REX for an Automatic Cavity Phasing Routine at HIE-ISOLDE 
M.A. Fraser, D. Voulot, J. Broere, D. Lanaia and D. Valuch 
CERN-ACC-NOTE-2013-0028/CERN-HIE-ISOLDE-PROJECT-Note-0021 
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      *normal error distribution truncated at ±3σ 
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Error  Tolerance*  (σ) 

RF phase [deg] 1 

RF voltage [%] 1.5 

Cavity position [mm] 1.5 
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HEBT STUDIES AND STRAY B-FIELD LIMITS 
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 HEBT design frozen for first stages and report to be published: 
 

HIE-ISOLDE HEBT beam optics studies with MADX 
A. Parfenova, J. Bauche,  M.A. Fraser, B. Goddard,  M. Martino and D. Voulot 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0028 

http://mfraser.web.cern.ch/mfraser/HIE-PROJECT-Notes/HIE-ISOLDE-PROJECT-Note-0028.pdf


HEBT STUDIES AND STRAY B-FIELD LIMITS 

Matthew Fraser – ISOLDE Workshop 2013, 25 - 27th November 2013 

 HEBT design frozen for first stages and report to be published: 
 

HIE-ISOLDE HEBT beam optics studies with MADX 
A. Parfenova, J. Bauche,  M.A. Fraser, B. Goddard,  M. Martino and D. Voulot 
To be published: CERN-HIE-ISOLDE-PROJECT-Note-0028 
 

 Concerns of stray magnetic fields being brought into the experimental hall motivated a 
study of effects of stray field on beam delivery: 
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 We can correct for over 20 Gauss along beam line with the pilot beam. 
 

 BUT we lose control over steering/correction when scaling for radioactive beam (if 
experiment field doesn’t scale). 
 

 For low energy beams (0.3 MeV/u): we consider a worst case scenario, stray field 
uniform and perpendicular to the trajectory, scaling from A/q = 4.5 to 2: e.g. 5 Gauss: 
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 We can correct for over 20 Gauss along beam line with the pilot beam. 
 

 BUT we lose control over steering/correction when scaling for radioactive beam (if 
experiment field doesn’t scale). 
 

 For low energy beams (0.3 MeV/u): we consider a worst case scenario, stray field 
uniform and perpendicular to the trajectory, scaling from A/q = 4.5 to 2, e.g. 5 Gauss: 
 
 
 
 
 
 
 
 
 
 

 Admittedly, a conservative limit is given at 5 Gauss (10 times Earth’s field). 
 Report to be published… 
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SUMMARY 

 Status of Conceptual Design for 10 MHz bunch frequency for post-accelerated beams 
was presented and is nearing completion. 

 
 Technical choices need to be made for the 10 MHz system. 

 
 Constraints have been given by existing A/q-separator for EBIS upgrade. 

 
 Tools for the operation of the superconducting linac are being developed: for more 
information see Davide Lanaia’s presentation at HIE-ISOLDE Technical Workshop. 

 
 HEBT design is frozen and is in advanced stages of procurement. 

 
 The effects of stray fields on the beam in the HEBT has been investigated and limits 
specified. 
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