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Why?

For commissioning at 100 keV with the 

proton source, optimisation of the 

electron cooler can be performed by 

measuring the recombination of 

electrons with the circulating protons. 

Å The proton source has never been used on ELENA

Å H- ions are injected for machine studies and commissioning experimental hardware

Å Stripping of H- ions with the residual gas and cooling electrons gives some insight into machine performance 2



Hardware
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Beam Profiler

Chevron mounted MCP detector

MgO coating

Fibreoptic phosphor screen with P43

Direct image of cooled beam on CMOS

camera
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Camera System

Raspberry Pi HQ camera module

Sony IMX477 12 megapixels CCD

CS mount lenses: Fujion 25 mm

Rpi 6 mm wide angle
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Controls & Data 
Acqusition

Raspberry Pi4 8GB micro computer

Direct control of HQ camera

Pi Pico & 10-DOF IMU Sensor Module 

(B field monitoring) 

Control of high voltage power supplies 

via USB/ethernet
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Software
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Camera & PS 
Control S/W

Python script for the camera settings 

and still/video capture

Script for the control of the iSEG high 

voltage power supply (mcp and P43 

settings)
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Offline 
Analysis S/W

Data analysis s/w in Python:

Å video playback

Å frame by frame analysis

Å position, size & stripping rate 

evolution

More detailed analysis with FlexPro 8
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Measurements
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H- beam scanned in position and angle on the two cooling plateaus

Some scans in electron beam position, intensity and electron beam expansion



ELENA Magnetic Cycle

AD cycle length 110 s

ELENA cycle length 15 s
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Å Can insert up to 7 ELENA H- cycles 

per AD cycle

Å Stripping due to cooling electrons 

clearly seen



A Typical 
ELENA Cycle
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Inj: 100 keV 5.3 MeV 368 keV 100 keV



Selective analysis is needed to obtain the beam evolution on 

individual plateaus
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Initial Machine Parameters
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H- momentum 

(MeV/c)

Vcath (V) Vgrid (V) Ie (mA) BUMPH ANGLEH BUMPV ANGLEV

35 -368.86 -300 4.45 3.4 1.4 4.0 0.5

13.75 -57.62 -50 0.35 -0.4 -3.8 4.2 -3.8



16

Horizontal Position 
Scan at 35 MeV/c

Horizontal position of the H- beam bumped in 

(programmed) 1 mm steps (-5.6 mm to +7.4 mm)



Revolution frequency vs beam position measured 

with the longitudinal Schottky monitor
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Measured position change vs programmed position bump

Revolution frequency vs measured H0 horizontal position
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Stripping rate as a function of horizontal offset (BUMPH)

Beam size evolution f horizontal offset (BUMPH)



Measured angle change vs programmed angle bump
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Horizontal Angle 
Scan at 35 MeV/c
Horizontal angle of the H- beam bumped in (programmed) 

0.5 mrad steps (3.4 mrad to -0.6 mrad, initial angle = 1.4)

Beam size evolution f horizontal angle (HANGLE)


