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Measuring Bell’s instability

Candidate for the source of cosmic rays (particles with energies e.g. > 104 eV)
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ABSTRACT
The diffusive shock acceleration of cosmic rays by supernova remnants depends upon the

cneration of magnetic fluctuations by cosmic rays upstream of the ﬁ-hDUk_
FE I S S AR row more rapidly tha th resonant Alfvén waves

usually considered. Non-linear simulation shows that the magnetic field can be amplified from
its seed value by orders of magnitude. The consequences for the maximum attainable cosmic
ray energy in supernova remnants are explored.
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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 (us — 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 103 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/1us =5mA ...

-> Therefore:

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

Photo Injector
Test Facility
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Using dark current

Photo Injecto
Test Facility J=8

15t approach: stay within cathode surface

Distort field on cathode to
initiate field emission

-> field simulation of cathodes
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Using dark current

Photo Injector
Test Facility

Vary radius of ‘hole’
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Using dark current

Photo Injector
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Vary steepness of ‘nose’
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-> For high distortions we have to leave

the cathode surface!
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Using dark current

Photo Injector
Test Facility

2"d approach: stick the needle out of the surface...
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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.. Gregor Loisch | 3/9/2016 | page 10/14




After Emission: Beam Transport

Photo Injector
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Take (presumably) best conditions:
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After Emission: Beam Transport

Photo Injector
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Reminder: experimental needs

>  Continuous beam (us —ms range...) (o ) idealised... “continuous”...

> “High” current (mA range) o
> Broad beam (i.e. no transverse structure)

>~ Relativistic energies

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

O®

> Plasma density around 103 cm™3 for ca. 1 ms o

> Long plasma long...???




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!
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