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Progress on Astrophysics in 
the Lab … 
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Intro 

Measuring Bell’s instability 
 
Candidate for the source of cosmic rays (particles with energies e.g.  > 1014 eV) 

→ waves in a thin plasma driven by particles 
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Outline 

1. Background information 

2. Suitable electron sources 

i. Photocathode 

ii. Dark current 

3. Beam transport 

4. Discussion 
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Background: experimental needs 

> Continuous beam (µs – ms range…)  

> “High” current (mA range) 

> Broad beam (i.e. no transverse structure) 

> ~ Relativistic energies 

> Broad & flat energy spectrum (at least no positive slope) 

> Plasma density around 1013 cm-3 for ca. 1 ms 

> Long plasma 
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(Mis-)Using Photoelectrons 

Laser frequency 1 Mhz 
(54 MHz oscillator but amplifiers not capable of that..) 
5nC/1µs = 5mA … 

 

← 1 µs ???→ 

-> Therefore:  
 
Gun on crest to get some focusing 
+ booster at 90°,  <6 MV/m for maximum broadening 
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Using Photoelectrons 

→ not suitable!? 

• Gun 60 MV/m on crest 
• Booster 90°,  17 MV/m 
• Solenoid 380 A 

 
→ ca. 80 ps bunch length… 
 
(at 5 MV/m maximum duration is 
~45 ps) 
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Using dark current 

Distort field on cathode to 
initiate field emission 
 
->  field simulation of cathodes 
with nose inside a hole 

1st approach: stay within cathode surface 
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Using dark current 

Vary radius of ‘hole’ 
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Using dark current 

Vary steepness of ‘nose’ 

→ For high distortions we have to leave 
the cathode surface! 
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Using dark current 

2nd approach: stick the needle out of the surface… 

BUT: So far no separation between 
height itself and steepness at tip due 
to height 

→ Next step: with optimised geometry use Fowler-Nordheim 
field emission model.. 
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After Emission: Beam Transport 
Take (presumably) best conditions: 

Continuous emission during acc. half wave 
(60 MV/m, booster @ 90°/5 MV/m, Imain=300A, 6 pC) 

~ 1 ns 

I≈ 3 mA 
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After Emission: Beam Transport 

Longitudinal phase-space 
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Reminder: experimental needs 

> Continuous beam (µs – ms range…)  

> “High” current (mA range) 

> Broad beam (i.e. no transverse structure) 

> ~ Relativistic energies 

> Broad & flat energy spectrum (at least no positive slope) 

> Plasma density around 1013 cm-3 for ca. 1 ms 

> Long plasma 

 

 
 

Long . . . ? ? ?  

( ) idealised… “continuous”… 
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Outlook 

> Further simulation of field emission on cathode  

> Enhancement of beam transport with simulated e--beam 

> Find capabilities which roughly meet requirements and wait 

       for confirmation/requests by Astrophysics group 
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Thank you for your attention! 


