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Capillary discharges
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On the behalf of Angelo Biagioni, Alexander Molodozhentsev and Giancarlo Gatti

Capillary discharges
properties
• Longitudinal and transverse 

dens ity profile tailoring

• Stability/reproducibility

• Lifetime

• 109 − 1010 𝑉𝑉𝑚𝑚−1

acceleration gradient 

• 1015 − 1019𝑐𝑐𝑚𝑚−3 dens ity

Gas inlets

HV pulse

Plasma channel

Electrode

x1017

Note del presentatore
Note di presentazione
	both beam driven and laser driven
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Capillary Discharge : Design and control system
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Capillary Discharge Design:
•60 cm long, 2 mm diameter capillary
•High-voltage pulses (7-15 kV) create a 
stable plasma channel
•Gas pressure control (10-100 mbar) 
critical for plasma density stability
•Uniform plasma density ensures beam 
quality and particle acceleration

Plasma module:
•Hydrogen gas in continuous flow
•Vacuum chamber at 10−2𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(scroll 
pumps, turbo-molecular pump)
•High-voltage generator powering μs-
short pulses to capillary electrodes
•Delay generator sets repetition rate (10-
150 Hz)
•Cooling: water for pump, fan for HV 
pulser
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Capillary Discharge : Geometry control of density
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• OpenFOAM simulation of gas  
dis tribution

• 10 gas  injector 
• 2 different configuration of 

diameter injections
• Critical point near the exit 

where the gas  exit
• Dens ity around 3 × 1017𝑐𝑐𝑚𝑚−3

• Poss ibility to control plasma 
profile = better matching 
between beams  and plasma

• Diverse average dens ity 
achievable by playing with 
pressure and voltage
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Capillary discharge : 60 cm prototype
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1.1 GeV (1 GV/m  600 MeV in 60cm
long  capillary - density 1016 cm-3 ):

 Fabrication by machining
 10 increasing diameters
 Density range 1016 -1017 cm-3

 13 kV with 500 A
 100 Hz rep Rate

1017
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Capillary discharge : Active Plasma Lens
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What is  an APL?:
• A compact lens  that uses  azimuthal 

magnetic fields  to focus  particle beams .
• Plasma lenses  are more effective than 

traditional quadrupole magnets  for beam 
focus ing.

APL Des ign:
• Diameter ranging to hundreds  of µm to few 

mm.
• Operates  with light gases  like hydrogen at 

pressures  between 15-150 mbar.
• Current of ~500 A generates  s trong 

magnetic fields  for beam focus ing.

• R capillary radius
• I0 peak current 

Benefits :
Produce radially symmetric magnetic fields .
Much s tronger than conventional 
quadrupoles  and solenoids  (range of kT/m 
for APL)

Challenges :
Non-linear radial magnetic fields  can lead to s trong 
emittance growth.
Focus  on des ign, mus t match the beam profile to the 
focus ing field to improve linearity (via increased plasma 
temperature).
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Capillary discharge : APL – Segmented capillary
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3 us

Acc-200A

Lens-500A

Note del presentatore
Note di presentazione
Combined Capillary Setup:    Two active plasma lenses and an accelerator stage.    Nitrogen gas fills three capillaries.Plasma Generation:    Three independent high-voltage discharges ionize the gas.Electron Bunch Propagation:    Electron bunches travel right to left (red arrows).Cross-Talk Prevention:    Plastic shields prevent electric cross-talk.Driver/Witness Bunches:    Inset shows driver (D) and witness (W) bunches' envelopes.Device Length: 19 cm (1€ coin for scale).
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Capillary discharge : High repetition rate
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Thermal balance of the capillary:

• Determined by energy depos ition and heat 
transport within the capillary.
• Two energy sources :

- Ohmic heating from gas  discharge.
- Laser pulse energy depos ition (LWFA)

Gas  Dis tribution Recovery:

• After discharge, plasma outflows  from capillary 
ends , depleting gas  ins ide.

• Gas  dens ity recovers  due to continuous  gas  flow 
from the supply sys tem.

• Simulations  show gas  dens ity recovers  to within 1%  
accuracy after 100 μs .

A third limit exis t : the plasma module ability so sus tain high repetition rate !

Lucio Crincoli presentation on Thursday, High repetition rate plasma sources

Capillary discharge in the high repetition rate regime, P. Sasorov, G. Bagdasarov, N. 
Bobrova, G. Grittani, A. Molodozhentsev, and S. V. Bulanov, Phys. Rev. Res. 6, 013290 
(2024)
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Capillary discharge : Laser guiding
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• Radial parabolic density 
distribution in the plasma 
channel

• Gaussian intensity laser 
pulse

• Uniform longitudinal 
density distribution 
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