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Active 
Plasma 
Bending

A novel technique for 
beam bending and 
focusing
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Outline

• Overview and motivation
• Principles
• Bending and focusing
• Minimum current

• Properties
• Dispersion and transition
• Long term behavior

• What has been done and 
what comes next
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Overview and motivation

• Curved active plasma lens
• Unique bending properties: 

focusing effects + non trivial 
chromatic dispersion
• Novel beam bending 

technique tested at 
SPARC_LAB in October 2023 
• Opens the way to full 

plasma-based beamline
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Principles: bending and focusing
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Logo

trajectory plane rectified trajectory plane

electron
beam

electron
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Logo

off equilibrium:
collective 

betatron motion

on equilibrium:
envelope 

oscillations only

∆𝑟 ≈~𝐼 0
𝛾
𝐼
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𝜌 𝑐

equilibrium offset

∆𝑟

cyclotron-like 
equations
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Logo

𝐼>~𝐼 0𝛾
𝑟𝑐
𝜌𝑐
≔𝐼 𝑙𝑖𝑚Principles: minimum usage current

𝐼=𝐼 𝑙𝑖𝑚 𝐼=4 𝐼 𝑙𝑖𝑚
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Dispersion: 
CBM vs ABP

high amplitude
low frequency

low amplitude
high frequency
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Transition energy

𝛾𝑇=√ 𝐼 𝜌𝑐
2

~𝐼 0𝑟𝑐23 𝛾𝑇 ( 𝐼 𝑙𝑖𝑚)=√ 𝜌 𝑐𝛾
𝑟 𝑐

≔𝛾𝑇 , 𝑙𝑖𝑚3

below transition 
only

both above and 
below transition

𝛾

• For  the beam will be bounded 
below transition 
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• dominant below transition for 
high transition energy

• depends on 

• dominant above and below 
transition for low transition energy

Δ𝜎 𝑠

𝛾

𝛾𝑇
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description
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• Curved envelope equation

• Gives conventional 
matching condition

mismatched, on equilibrium matched, on equilibrium 

matched, off equilibrium 

𝜎 𝑥𝑦 ,𝑀=√ 𝜖𝑟𝑚𝑠

𝑘𝑥𝑦
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Long term 
behaviour
• Beam energy spread gives 

equilibrium position and betatron 
wavelength spread

• The phase mixing process increases 
beam transverse spot, even for 
matched beams

on equilibrium 
injection

off equilibrium 
injection

×10−4

×10−5
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Moving forward: ABP 
chicane
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equilibrium 
switch

equilibrium 
on axis, then 

switch

𝐿1
𝐿1

𝐿𝑠
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Moving forward: ABP 
chicane
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equilibrium 
switch

𝐿1
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Next steps
• Beam-plasma interaction (wakefields) 

studies to check for corrections or 
operational regimes (charge, aspect 
ratio)

• Nonlinear discharge field corrections

• Synchrotron-betatron radiation 
studies, possibly for diagnostics (off 
equilibrium injection)
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