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Ten Ionization Profile Monitors (IPM) were designed and delivered to ESS to characterize the beam at 100-600 MeV in Linac Warm units, located
among cryomodule section.
Electrodes are polarized in symmetric mode, i.e., +15 kV on the electron electrode and -15 kV on the collection electrode, which means that ions are
drawn to an MCP with a phosphorescent screen. Then, the profile is read with a CMOS camera. IPMs will be installed on the beamline in 2024.
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Beam energy 
(MeV) 97 231 279 316 628

E-ion pairs
(pairs/cm) 100210 54970 49160 45850 33600

• Vacuum requirements dictate the MCP fixation on three pillars, aiming to 
minimize material presence.

MCP springs

s
• I = 62.5 mA, P = 10-9 mbar, Δtpulse = 2.86 ms
• Residual gas composition: 

 H2 (79%), CO (10%), CO2 (10%), N2 (1% - mass)
• Bethe’s relation + We/ion ~ 35.4 eV per e/ion pair

Ionization  rates

ct
• ESS design requirement: measuring the beam width with an error on RMS 

≤ 10%
• SC simulation code developed by F. Belloni & C. Thomas

Calculations performed for 
electrons and ions with a 
300 kV/m EF
for 3 different beam energies.

As shown, it is ok for ions, and for beam width σ ≥ 2 mm

Space Charge effect

er
• 2 IPMs + 2 Wire Scanners
• Risk having interference between both electric fields.
• 2 grounded discs are integrated in the beamline.
 Similar profiles got with tracking for 

both electric fields calculated with COMSOL 

Beam 
test @ 
IPHI 
Saclay

Tight space constraints

NPM (non invasive Profile Monitors)
• FPM (Fluorescence Profile Monitors)

 used only in hot sections of the accelerator 
 P ~ 10-7 mbar

• IPM (Ionization Profile Monitor)
 used in LWU  in cryo-sections of the 

accelerator
 P ≤ 10-9 mbar
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ISO-5 Cleanliness 

ISO-5: test-bench in 
a laminar air flux

IPM crawling 
copper connections

-15 kV electrode

+15 kV electrode

-16 kV MCP_IN

- 𝟏𝟔 − ∆𝐕 kV MCPOut

- 𝟏𝟔 − ∆𝐕 − 𝟒 kV MCPscreen
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• BPM / IPM correlations

Beam test results conducted at IPHI Saclay (3 MeV proton)
• Comparing beam width and profile measurements using optical and 

conductive strips versus MCP read-outs.

beam

Beam 
profile 
measu-
red at 
IPHI 

IPHI  optical IPM + MCP + phosphorescent screen should fit the requirements
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SPK LWU

IPMs are installed on SPK LWU and are under tests at ESS lab.

NPMs are installed along the accelerator for beam profile measurements. 

Challenges

Beam test results conducted at IPHI Saclay (3 MeV proton)


