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Stage 1 Injector Requirement

Baseline specification of NLS (from NLS Science Case):

ïHigh intensity up to 1012 photons/pulse 

ïCoverage to ~ 1 keV in the fundamental

ï1 kHz repetition rate with even pulse spacing

Stage 1 injector needs:

ïLow emittance below 1 mm mrad

ïHigh peak current over 10 A before BC

ï1 kHz repetition rate at least

ïNo critical R&D before a proposal to build NLS 
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Injector Options
Å S-band NC gun 

ï Well developed at LCLS for SASE-FEL

ï Very low emittance with very high peak current

ï Limited repetition rate (~400 Hz)

Å L-band NC gun

ïWell developed at FLASH/PITZ for SASE-FEL

ï Low emittance with high peak current

ï Limited repetition rate (1 kHz for single pulse)

Å High voltage DC gun

ïWell developed at ALICE and J-Lab

ï Very high repetition rate (no limitation)

ï High emittance (over 1 mm mrad)

Å VHF NC RF gun

ï Possibly low emittance and high repetition rate ?

ï Under design/construction at LBNL

Å SC RF gun

ï Very high repetition rate (no limitation)

ï Possibly low emittance ?

ï Under commissioning at ELBE

NLS Stage1

NLS Stage2 ?
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Status of L-band Injector (FLASH) 

Å User machine with SASE delivery to 6.5 nm

Å Transverse emittance of ~1.3 mm mrad after 1st BC (1 nC, 90%)

Å Demonstrated high duty cycle ~0.85 ms * 5 Hz = 0.43%

~4 MW peak RF power in gunĄ ~17 kW average RF power

Å Pulsed heating is dominant

~0.85 ms

200 ms

~4MW

bunch train

Injector
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Status of L-band Gun, 1 (PITZ)

Layout up to 1st slit for emittance measurement

Emittance measurement (L. Staykov et al, FEL07) Simulation (L. Staykov et al, FEL07)

1 nC,

60 MV/m

Laser length: ~20 ps FWHM 

rise/fall time: 6-7 ps

Booster entrance: ~2.3 m

gradient: 8 MV/m

1.26 mm mrad
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Status of L-band Gun, 2

Å Photocathode (Cs2Te): 

ï At FLASH, cathode has a QE > 1% over several months (E ~45MV/m)

ï At PITZ, cathode has a QE > 1% over several weeks (E ~60MV/m)

ï Keeping homogeneity for long time is issue

Å Cathode laser (UV): 

ï 2 ps rise/fall time recently achieved at PITZ (by MBI)

Ą lower emittance expected (measurements on going)

ï Stability in energy and timing

Multicrystal birefringent pulse shaper, 

I. will and G. Klemz, Opt. Express 16, 14922 (2008) 
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Status of L-band Gun, 3 (PITZ)

Gun RF power  (C. Boulware et al, FEL08)

7.2 MW peak RF

0.7 ms pulse length

10 Hz rep rate

ÅMore serious problem of PITZ gun case is pulsed  

RF heating (Paramonov et al., Linac 2006)

ÅNumerical analysis, based on experiment, shows 

a feasibility up to 75 kW (Marhauser, EPAC 2006)


