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Present Plasma source 

Rubidium vapor source   

• 1014 ≤ 𝑛𝑒 ≤ 1015𝑐𝑚−3

• Δ𝑛𝑒/𝑛𝑒 ≤ 0.2%
• Few cm 𝑛𝑒 ramp

Laser 
Field Ionization

• 𝑛𝑒 = 𝑛𝑅𝑏
• Same for 𝑛𝑅𝑏
• 𝑟𝑝 > 1𝑚𝑚

Pre-formed plasma Partial Plasma



11/04/2022 Michele Bergamaschi 4

Present Plasma source 

• Impose very uniform 𝑇: δ𝑛𝑅𝑏/𝑛𝑅𝑏 = δ𝑇/𝑇 ≤ 0.2%
• Δ𝑛𝑒/𝑛𝑒160 ≤ 𝑇 ≤ 220⁰𝐶 for 1014 ≤ 𝑛𝑒 ≤ 1015𝑐𝑚−3

• Control 𝑛𝑅𝑏 gradiant with Rb source T

• Rb vapor expands into vacuum and sticks to cold walls of 
expansion volumes: short ramp
• Scale lengths ∼ diameter aperture: 1cm
• 𝑛𝑅𝑏 Rb measured at both end with < 0.2% accuracy using 
white light interferometry  

Galden Heat Exchanger



11/04/2022 Michele Bergamaschi 5

Present Plasma source 

DS Expansion Volume US Expansion Volume

Density Diagnostic

Density Diagnostic

DS Rb Reservoir US Rb Reservoir

10 m Galden Heat Exchanger



ne=7x1014 cm-3

K. Lotov, V. Minakov, private communication

Gradient is 
Factor 4 
higher

with density step

without density step

Gradient in 1st plasma source (self-modulator)
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Run 2b Plasma Source

Electrical heaters

p+

seed

e- seed

Self modulator

Expansion VolumeExpansion Volume

Heat exchanger

5 cm 40 cm

Copper integrator

• Same requirements  for Rb density uniformity  and max 
value as for Run1 and Run 2a Τ𝛿𝑇 (⁰𝐾) 𝑇(⁰𝐾) ≈ 0.2%

• Additionally have to implement a “sharp” (tens of cm) step 
from 1% to 10% Τ𝛿𝑇 (⁰𝐾) 𝑇(⁰𝐾) from 5 to 50⁰C  
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• Length: ~ 10 m
• Independent electrical heater of 50 cm from 0.25 to 4.75 meters
• 5.3m of galden heated section
• Step height up to ±10%
• 10 diagnostic viewport, for plasma light + 3 for density diagnostic

*not to scale

Run 2b Plasma Source

Electrical heaters

p+

seed

e- seed

Self modulator

Expansion VolumeExpansion Volume

Heat exchanger
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• Shorter than 1 m

New plasma source Run 2c

Electrical heaters

p+

seed laser
p+

e-

Heat exchanger

e- seed

Self modulator AcceleratorInjection

Heat exchanger

• Addition of an accelerator module to the self-modulator from Run 2b

• Modular design to integrate to Run2b pre-existing Plasma source 

• Run2c baseline accelerator module is Rb based plasma source

• Discharge source could be considered for the accelerator module
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Electrical heaters

p+

seed laser
p+

e-

Heat exchanger

• Length: ~ 10 m
• Independent electrical heater of 50 cm 

from 0.25 to 4.75 meters
• 5.3 m of galden heated section
• Step height up to ±10%

• Length: 10 m
• Galden heating only
• Density measurement at two positions

• Shorter than 1 m

*not to scale

e- seed

Self modulator AcceleratorInjection

New plasma source Run 2c

Heat exchanger



Thank you for your attention


