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E-lens test stand at FNAL

HEL @ HL-LHC

Simulations:

• Benchmarking

• Image analysis

E-lens test stand at CERN
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Existing electron lenses and HEL@HL-LHC

Current 5A at 15kV 

Beam shape Hollow beam

Effective length 2.9 m

HEL@HL-LHC has 

higher current, 

higher current density

longer effective length 

comparing to implemented electron lenses

HEL components (gun, diagnostics, modulator, 

etc.) are unique.

V. Kamerdzhiev, Progress with Tevatron electron 

lenses, Proceedings of COOL 2007, Bad Kreuznach, 

Germany

X. Gu, Electron lenses for head-on beam-beam 

compensation in RHIC, Physical review accelerators and 

beams 20, 023501 (2017)

Tevatron, FERMILAB RHIC, BNL
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HL-LHC, CERN
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Beam dynamics in electron lens (short overview)

Main solenoid – interaction of 

electron and proton/ion beam

Gun and gun 

solenoid –

electron beam 

generation

Bending solenoid –

electron beam 

injection 

Bending solenoid –

electron beam 

extraction 

Proton/ion beam

Electron beam
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• In the presence of drift tube – possible formation of virtual cathode

• Intensity modulation – possible change of longitudinal profile

• Reliable simulation tool and test stand is required for development/ studying and 
optimization of the hollow electron lenses for HL-LHC.
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FNAL test stand – model in CST® Particle Studio
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FNAL test stand – electron gun
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Courtesy of Giulio Stancari, FNAL 

𝜇 = 6.52𝜇𝑝𝑒𝑟𝑣
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Image comparison
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Comparison pixel by pixel can not be used 
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Image comparison – Polar Fourier Transform
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Ψ𝑘,𝑚 - basis function

𝑃𝑘,𝑚 - polar Fourier coefficients
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Image comparison – test pulse

Beam profile in 3D Beam profile in 2D Pk,m from PFT
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Profile evolution (results from FNAL test stand)
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Courtesy of Giulio Stancari, FNAL 
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Child-Langmuir law
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Profile evolution - simulation
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Scaling of profiles

≈ ൗ𝑉
𝐵

To be investigated: 

• Misalignments of test stand components

• Non-uniform current yield from the gun

• Improper settings of computational 

model (in particular mesh)
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Profiles of the beam with tilted gun
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2 kV / 0.4T / 2700 mm 4kV / 0.4T / 2700 mm 6kV / 0.4T / 2700 mm

*In simulations gun is tilted by 2o and then aligned by steerers.

𝜑 ≈ 𝑐𝑜𝑛𝑠𝑡 ×
𝑉

𝐵
𝐿
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Scaling of profiles vs Length (simulation)

S.Sadovich - Beam dynamics simulations in electron lens test stand 13

2 kV / 0.4T / 2000 mm 4kV / 0.4T / 1414 mm 6kV / 0.4T / 1155 mm

2 [𝑘𝑉]

0.4 [𝑇]
2000 𝑚𝑚 ≈

4 𝑘𝑉

0.4 𝑇
1414 𝑚𝑚 ≈

6 𝑘𝑉

0.4 𝑇
1155 [𝑚𝑚]𝜑 ≈

𝑉

𝐵
𝐿

*In simulations gun is tilted by 2o and then aligned by steerers.
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E-lens test stand at CERN
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E-lens test stand at FNAL

E-lens test stand at CERN
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Electron lens test stand at CERN: stage 1

A. Rossi, S. Sadovich, 1st ARIES Annual Meeting, 22-25 May 2018, RIGA Technical University 15

Gun solenoid

Beam diagnostics box Collector solenoid

Gun

Purpose of first stage:

 Preparation:

• Commissioning hardware (magnets, vacuum, HV 

system, control, etc.)

• Safety and technical aspects of operation

• Commissioning diagnostic procedures (current, 

profile, position)

 Measurements:

• Electron gun tests: characterization (profile 

measurements)

• Electron gun: anode modular

Covered by HL-LHC
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Conclusions

 Measurements at FNAL electron lens test stand were simulated using CST® 

Particle Studio:

 Perveance of the gun and initial beam profile are in good agreement

 Beam profiles from experimental measurements are more distorted comparing to 

results from simulation

 Possible reasons of such discrepancies should be investigated: 
 Misalignments of test stand components

 Non-uniform current yield from the gun

 Improper settings of computational model (in particular mesh)

 E-lens test bench at CERN will give additional capabilities for gun 

characterization.

 Comparison of profiles based on Fourier decomposition in polar coordinates was 

introduced for data analysis.
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Test stand: stage 2.

17

Purpose and measurements of stage 2:

 Allow drift and see beam deformations/rotations/… 

computer model validation

 Study electron beam dynamics in regime close to 

virtual cathode

 Study electron beam dynamics with compression

 Test Beam Position Monitor ‘shoe-box’ or ‘strip-line’ 

with very HF modulation 

 Test effect of very HF modulation (<10% current) 

on beam dynamics (microbunching?) for HEL

A. Rossi, S. Sadovich, 1st ARIES Annual Meeting, 22-25 May 2018, RIGA Technical University

Drift solenoid Collector
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Image comparison – test pulse

Beam profile in 3D Beam profile in 2D Pk,m from PFT
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Image comparison – distorted beam
Pk,m from PFT
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