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WP16: Objectives 

 

Å JRA activity among four beneficiaries (CERN, GSI, IAP, RTU) 

 

Å Manufacturing of an RF modulated electron gun for application in electron lenses 

Å High electron currents ~10A 

Å RF modulated at ~5MHz 

Å Variable transverse beam profiles 

Å Different cathode shapes 

 

Å Operation of a test stand for the RF modulated electron gun 

Å Normal conducting solenoids for beam transport 

Å Capabilities for testing different vacuum chamber geometries 

Å Instrumentation for probing transverse and longitudinal electron beam profiles 
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WP16: Beneficiaries 
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Principle and Applications of Electron Lenses 

 

ÅCollinear low-energy electron beam 

ÅCo- or counter-moving with hadron beam 

ÅMagnetically confined in solenoids 

ÅCirculating hadron beam affected 

by electromagnetic fields of electron beam 

ÅDC or pulsed operation possible 

 

ÅApplications so far at colliders only 

ÅTevatron 

ÅLong range beam-beam tune shift comp. 

ÅAbort-gap cleaning 

ÅHalo cleaning with hollow electron beams 

ÅRHIC 

ÅHead-on beam-beam comp. 

 

ÅActive research field 

ÅLHC LRBB compensation 

ÅNon-linear integrable lattices (IOTA) 

ÅSC compensation in low-energy hadron rings 
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Layout of TEL-2 at Fermilab 

TEL transverse profiles 

Tevatron: p- halo cleaning 
with hollow e-lens 

Diagrams from G. Stancari, 

ñElectron Lenses in Beam Physicsò, 2016 



LHC Use Cases 
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Principle of collimation with hollow e-lens 

S. Redaelli et. al., IPACô15, WEBB1 

 

ÅHalo collimation using hollow e-beam 

ÅIncreased diffusion in non-linear field outside core 

ÅFast rise time for pulsed operation (200ns) 

ÅRepetition rate 10kHz for turn-by-turn switching 

ÅElectron current of about 5A required 

ÅAdaptation of TEL-Design feasible 

ÅWill become baseline for HL-LHC 

 

 

 

ÅLong range beam-beam compensation (LRBB) 

ÅCompensation of EM interaction with second beam 

ÅHigh current densities of 5A/mm2 in interaction region 

ÅVery challenging for e-lens design 

ÅModulation with ~10MHz for Pacman bunches 

ÅR & D project 

S. Redaelli et. al., IPACô15, WEBB1 

LHC hollow e-lens: preliminary design 

G. Stancari, ñElectron wires for LRBB in LHCò, 2015 

Electron beam for LRBB compensation 



Space Charge Compensation in SIS18 

ÅMotivation 

ÅFAIR experiments require ultimate heavy ion intensities 

ÅLight ions are space charge limited in SIS18 today 

ÅIon source and injector upgrades will push the limits 

ÅElectron lenses may help to increase intensities by 

(partial) compensation of space charge 

 

ÅR & D program on e-lens for SC compensation 

ÅLong development times expected 

ÅGun and modulator development in ARIES WP16 

ÅParallel development of complete prototype lens 

 

ÅRequirements similar to CERN PS 
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S.C. limit  for  high  
charge  state  ions  

S.C. limit  for  low  
charge  state  ions  

Present intensities of heavy ions in SIS18 

Super-FRS at FAIR requesting e.g. 1012 Ar/s 



SC Compensation in Bunched Beams 

ÅSC tune shift major intensity limitation 

in low energy hadron accelerators (PS, SIS18) 

ÅCompensation of positive ion beam space 

charge by matching electron distribution 

ÅSC effect depends on transverse density 

ÅMatching transverse e-beam required 

ÅAdiabatic damping must be considered 

ÅFlat beam due to phase space painting 

ÅSC in bunched beams depends on z 

ÅFast modulation of e-current required 

ÅChange of bunch structure must be considered 

ÅMajor challenges for lens design 

Åe-currents of ~10A at ~20kV 

ÅModulation at ~5MHz 

ÅDynamic transverse shaping 

ÅFlat transverse beam profile 

ÅAdvantage of larger beams than colliders 

ÅLarge ion beam radii (ůx,y ~ 10mm) 

ÅLong ion bunches (ůt ~ 300ns) 
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Injection 

Bunching 

Accele-
ration 

bunch structure 

t 

Bunch length in cycle (SIS18) Dual-H bunch profiles (SIS18) 

Flat beam (SIS18) Transverse profile matching 

Shiltsev, 2016 



WP16: Gun Design Challenges 

 

ÅHigh gun currents 

ÅNew cathode materials 

ÅExtraction dynamics 

 

ÅModulation 

ÅHigh power requirements asking for grid 

ÅLongitudinal profile matching at several MHz 

 

ÅTransverse shaping 

ÅAdjustable transverse shaping 

ÅStability of transverse profiles under grid modulation 

 

ÅBeam Transport 

ÅLongitudinal transport under very high space charge 

ÅTransport of flat transverse distributions 
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E-Gun Design Challenges 

Peak current up to 20 A 

Current density at cathode up to 20 A/cm2 

Modulation frequency up to 10 MHz 

Peak power up to 500 kW 



Electron Beam Modulation 

ÅChallenging power requirements 

ÅBeam modulation by grid proposed 

ÅMajor issue: Preservation of transverse profile 

ÅStudies on transverse shaping with grid at IAP 

ÅPreliminary results look promising 

ÅWork in progress 
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E-Gun Parameters 

Current I 10 A 

Transverse beam profile s 2sx=35 mm, 2sy=20 mm 

Cathode radius rgun 35 mm 

Magnetic field Bgun >0.030 T 

Min. Extraction Voltage Ua 22.3 kV (P=3·10-6 A/V3/2) 

Peak power Ppeak 223 kW 

Modulation frequency f 2-5 MHz 

Grid voltage Ucg 500 V 

Dissipated Power Pdiss=C.Ug
2.f >=100 W 

Particle Trajectories 

Profile at z = 197 mm 

cathode 

focus electrode 

anode 

K. Schulte, IAP 



Preparation of Scale-Down Experiment 
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Specifications of electron gun 

EGA-1012B, Kimball Physics 

test 
modulator 

Circuit of electron gun with test modulator 

max. beam energy: 
1000 eV 
max. beam current: 
2 mA 
cathode type: 
Yttria cathode 

Design of test stand for scale-down experiment 

Χunder preparation at IAP 

EGA-1012B, Kimball Physics K. Schulte, IAP 


