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FEL radiation in EUV regime

Requirements for FEL:

What do we have?

Slice electron beam we are considering?

(by changing the undulator gap)



LWFA electron beam 

● Small initial normalized RMS transverse emittance

● Extremely short electron bunch (〜 fs)   

● High peak current (few kA) 

Challenges for FEL:

● High angular divergence (〜 mrad)    ➡    Significant emittance growth in the first drift

● Large energy spread (few %)    ➡    RMS normalized emittance not invariant anymore 

● Significant space charge effect    ➡    Halo formation

● Chromatic aberration effect

● Stability and repeatability



Initial electron beam parameters

● SIOM-like electron beam: 

Beamline layout
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Capture block

Active plasma lens Set of three permanent quadrupole magnets



Beam dynamics

Active plasma lens Set of three permanent quadrupole magnets



Transmission efficiency and emittance degradation 
affected by injection error 

Active plasma lens
Set of three permanent 

quadrupole magnets

Restriction: 
Shift of the beam center at the 
undulator position should be less 
than a half of the transverse 
sigma beam size.

Result:
The injection error should not 
exceed ± 2 μm

Note:
Random injection error cannot be 
corrected by using correctors 
along the beamline.



Transmission efficiency and emittance degradation 
affected by mismatch 

Active plasma lens Set of three permanent quadrupole magnets

● Assumed 15% mismatch in initial Twiss parameters (β and α increased by 15% from ideal values).



● Time-dependent SASE FEL simulation using GENESIS.

● Input beam parameters from the multiparticle tracking transport analysis.

● Central wavelength: 30.7 nm

● Pulse energy at saturation: 〜 40 µJ

● Peak power: 〜 9 GW

● Averaged on 15 shot noise seeds for statistics.

Simulated FEL radiation



Conclusion

● Designed a compact beamline using APL and PQMs for beam transport.

● APL and PQMs deliver comparable performance.

● APL offers greater flexibility and its focusing strength is tunable via current (prototype under development).

● Preserve low emittance (〜 0.3 mm·mrad) and high peak current (〜 4.5 kA).

● Beam mismatch simulations show no significant emittance growth and no significant beam loss.

● Injection error within the specified range does not lead to significant losses.

● FEL saturation reached at 30.7 nm.
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