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ü  Maximum positron yield at ~2 LRAD

ü  ~48% of  positrons at ~ 5 LRAD


ü  Beam duration: ~ tens of  fs

ü  Beam diameter: > c/wp


ü  Beam divergence: ~ tens of  mrad
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electrons
 positrons


positron percentage


FLUKA simulations



Ø  similar spatial distribution


Ø  beam radius: ~ 150 microns


Ø  positron percentage 46 – 50 %


Ø  spectral symmetry


Ø  departure from neutrality

      only at low energies (< 5 MeV)
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ü  Strong filamentation only for neutral 
beam (>40%)


ü  Saturation reached at ~800 c/wp


ü  Generation of  strong B fields


ü  Equipartition of  the order of  10-2 – 10-4


ü  Long-lived fields
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Laser-driven electron-positron beams have, however, a broad spectrum (Maxwell-Juttner 
distribution and a wide divergence


ü  Filamentation still a strong process


ü  Generation of  strong fields on a 
scale of  the order of  the beam 
collisionless skin depth
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     charge-independent detector


Slide  9/15 




Beam filamentation

experimental evidence


Gianluca Sarri
Neutral electron-positron beam dynamics




Filamentation: experiment


Gianluca Sarri
 Slide  10/15 




Filamentation: theory


Gianluca Sarri
 Slide  11/15 




Filamentation: theory


Gianluca Sarri


Background plasma

•  nP = 1018 cm-3
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•  vth ~ 7x106 m/s è rP ~ 40 µm
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ü  Beam-plasma linear instability theory predicts a growth rate and a wavelength: 


ü  The instability should then grow within tens of  microns, producing 1-2 filaments!

ü  The background plasma gyroradius is smaller than the filament wavelength, 

suggesting that the plasma can get magnetised
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Can proton radiography see these fields? 


e- beam


(10 fs)


gas


return

current


proton beam


B


RCF


ü  Azimuthal magnetic fields left in the background plasma persist for longer than the 
duration of  the beam (proton radiography resolution ~ ps)


ü  The divergent nature of  the proton beam

     implies that azimuthal magnetic fields induce 

     focussing/defocussing of  the protons


focussing
defocussing


A.	
  Smyth	
  et	
  al.	
  Phys.	
  Plasmas	
  23,	
  063121	
  (2016)	
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ü  Proton radiographs of  the background gas, show clear proton modulation only for 
quasi-neutral electron-positron beams:
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ü  Proton radiographs of  the background gas, show clear proton modulation only for 
quasi-neutral electron-positron beams:


No modulation in the proton beam


Proton accumulation


ü  0.8 – 1 T field, 2 filaments

ü  persistent ~1000 wp

-1


G.	
  Sarri	
  et	
  al.,	
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  (2016).	
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Proton radiography


d.!

e.! f.!

a.! b.!a.! !"##" c.!
Peak magnetic field 

(1.0 ± 0.3) T



Spatial extent

(1.5±0.2) mm



Current density

~1010 A/m2




Equipartition

10-3
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Ø  Current work devoted to generating

     collimated pair jets and characterize 

     their dynamics in detail





Gianluca Sarri
 Slide  15/15 


Ø  First generation of  

     neutral electron positron beams





Ø  These beams can be used to investigate 

     fundamental pair beam dynamics 

     to test models used to study astrophysical jets.





Conclusions and Outlook


d.!

e.! f.!

a.! b.!a.! !"##" c.!



Thanks for your attention!


Gianluca Sarri

g.sarri@qub.ac.uk
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