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Betatron source : principle and motivations 
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Betatron source 
- Synchrotron-type radiation 

- Kḻ1 ᵼ Broadband spectrum 

- keV – few keV  

- Short (fs) 

- Small source size (µm) 
- High brilliance   
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Betatron source : principle and motivations 

ὧ† 

Phase contrast imaging Tomography 

Cole, J. et al, Sci. Rep. 5, 

13244 (2015) 

Time-resolved X-ray 

spectroscopy 

B. Mahieu et al., submitted  

Fourmaux, S. et al, Opt. Lett. 36, 

 2426 (2011) 
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Betatron source:  

Interest for a 2-stage scheme 
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idea: the source performance could benefit from a decoupling between the 

acceleration (low ne) and radiation (high ne) parts => 2-stage scheme.  

Laser Wakefield accelerator : 

    => a compromise on the density used is needed   



Two-stage scheme with a beam-driven plasma radiator to 

boost the betatron radiation 

Simulation with 

CALDER 3D 
Simulation with 

CALDER CIRC 

Acceleration optimization (low ne) Radiation optimization (High ne) 

J. Ferri et al., PRL 120, 254802 (2018) 



Simulation of the two-stage scheme:  

Efficient beam-driven regime in the second stage 

ne = 1.75  1018 cm-3 ne = 1.1  1020 cm-3 

@ 140 ɛm 

@ 740 ɛm 

@ 5 mm 

 Laser: 

  a0 = 6    
  †0 = 30 fs 
  ὡ0 = 23 ʈm      
  Ὁπ =  15 J 

Beam: 

Acc. on 1.5 cm 
~1.8 GeV 
~5 nC (> 350 MeV) 
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Production of a MeV-photon source with short duration 

and small source size  

LWF PWF 

After 3.3 mm in the 2nd stage: 

   -   90 % of the beam energy is depleted 

   -           increases by 3 orders of magnitude 

   - 

   -    



ne x 60 Ÿ radiated power boosted by 3 orders of magnitude 

1.5 cm   3.3 mm 

x 

ne 
@ 1.5 GeV 

Best case:  
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Improved performances compared with a 1-stage case 

Å    Comparison with a reference case: 

        -   single stage  

        -    

        -   5 mm target 

PWF 

x [mm] 



Limit : high beam density required  

Ý High current and tightly focused beam needed. 
 

     ὗͯ υ nC ; „ σͯπ ɛm ; „ ρͯ ɛm   

              ᴼ )ͯυπ kA    &    ὲ σͯȢσ ρπ cm-3 σὲ 

Condition for an efficient beam-

driven regime (2nd stage): 
 

              ὲ ὲ  



Conclusion 

2nd stage: beam-driven (PWFA) blowout regime 
Å High current needed (nb > ne) 

New applications for betatron sources 
Å Gammagraphy  
Å Photo-nuclear reactions   

Åé 

Proof-of-principle simulation (15 J, 30 fs) 
Å Ec = 9 MeV 
Å B = 4x1023 s-1mm-2mrad-2/0.1%BW    @ 1 MeV 

Å High efficiency (0.9 %) 

Brilliant MeV betatron 

source from a 2-stage WFA. 

J. Ferri et al., PRL 120, 254802 (2018) 


