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We report the experimental generation, acceleration and characterization of a uniformly filled electron 

bunch obtained via space-charge-driven expansion (“blow-out regime”) in an L-band (1.3 GHz) rf 

photoinjector. The beam is photoemitted from a Cs2Te photocathode using short (< 200 fs) ultraviolet 

laser pulse. The produced electron bunches are characterized with conventional diagnostics and 

signatures of their ellipsoidal character are observed. We especially demonstrate the production of 

ellipsoidal bunches with charges up to ~0.5 nC corresponding to a ~20-fold increase compared to 

previous experiments with metallic photocathodes.   
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Introduction 

     Issues while creating 3D ellipsoidal beams via “blow-out” regime 

> In theoretical astrophysics it has been realized that a uniform prolate spheroid will collapse 

under its own weight into a flat disk with the following density distribution: 

> Reversing this collapsing process implies that an ultrathin sheet (with finite thickness) of 

electrons with a mentioned charge density distribution will evolve into a uniformly charged 

spheroid                           

> In a pancake regime (bunch length << bunch radius) the intensity profile of the laser pulse has 

to be shaped only transversely (the temporal shape is arbitrary) to a half-circular profile which 

will result to a 3D ellipsoidal electron bunches after the emission.    

Assumption: the photoemission process is instantaneous ! 

> Laser pulse length should be much smaller than the final bunch length  

> The ratio of surface charge field and the acceleration field should be much smaller than 1 
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Region of existence of blow-out regime 

fsl 200 could still support the blow-out scheme ! 
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The A0 photoinjector setup and photocathode laser 
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Numerical simulations: emission time modelling 

In order to take into account the finite emission time in ASTRA simulations, the data shown in  Fig.4 (a) was  

parameterized with the following function       21
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The temporal charge distribution during the photoemission process 

 

                                                , where             is a Gaussian charge 

 

distribution with duration given by drive-laser pulse duration      .  
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Photoemission process was 

simulated using emission profile 

described above. Result in Fig.5, 

showing that for low charges 

of ~250pC, A0 can operate in 

blow-out regime. 
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Numerical simulations: introducing figure of merit 

To investigate the domain of existence of blow-out regime in 

parameter space, a figure of merit (linearity of phase space) was 

introduced to quantify the ellipsoidal character of the bunch.  

 00 ,E

where summation is performed over the number of macroparticles in 

bunch.          are trace space coordinates,       and      are slope and 

intersect of the linear regression of particle distribution in  
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results obtained for 200fs 

emission time profile 

SC driven bunch length expansion is strongly suppressed 

once the bunch is accelerated by the booster cavity. 
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Experimental results and analyses I 

> Transverse beam density 

Comparison of beam images at X6 (spatial distributions) crated with ultra-short (~200fs) and  

picosecond (~3ps) laser systems. 



Martin Khojoyan  |  Paper review |  10. 04. 2014  |  Page 9 

Experimental results and analyses II 

> Longitudinal phase-space chirp 

LPS correlation downstream the booster running at off-crest: 

LPS chirp: 

Fig.9 g) and h) show the momentum distribution at XS3 location 

for min energy spread and off-crest (2C) phase settings. 
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Experimental results and analyses III 

> Spatiotemporal and current distributions 

Zero-phasing technique used for the measurements: 
• Chirped bunch (off-crest phase in the booster) + horizontally dispersed beam in a spectrometer + 

proper tuning of Q1 and Q2 quadrupoles 

For the lowest measured charge (~130pC), the  

measured rms bunch length is ~1.6 ps  ~10-fold 

increase compared to initial bunch rms duration. 
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Experimental results and analyses IV 

> Electron bunch length as function of charge 

> Electron beam transverse emittance for 250pC charge 

Direct shaping the laser profile to follow an ellipsoidal distribution would be more effective 

when improvement of transverse emittance is desired !  
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Estimated achievable emittance 

in blow-out regime 
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Summary 

+ Experimentally demonstrated the production of uniformly filled ellipsoidal bunch in an L-band 

rf photoinjector with Cs2Te cathode using ultra-short laser pulse 

+ The bunch ellipsoidal character is preserved after acceleration to ~14 MeV and charges up 

to ~0.5 nC  

For the future more precise LPS characterization is expected by using a transverse deflecting 

cavity 

- No comparison of experimental results with the simulations 

- Transverse emittance value still too big 


