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109 photons/pulse with brightness 1032 photons/s/mm2/mrad2/0.1%BW 

An x-ray pulse is stored in a cavity formed by diamond Bragg crystals

� low pass gain and spectral cleaning over many passes 

Fourier transform limited pulses:  ��/� ~ 10-7 � h�� ~ 1 meV

1. R. Colella and A. Luccio, Optics Comm. 50, 41 (1984).

2. K.-J. Kim, Y. Shvyd� ko, and S. Reiche, Phys. Rev. Lett. 100, 244802 (2008)
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C

Normalized emittance < 0.2 mm-mrad (rms)

Energy spread �E/E < 2x10-4 (rms)

Rep rate matches round trip time of x-rays in cavity

Bragg crystal bandwidth 

��/� ~ 10-6 to 10-7

Fourier transform limited 

electron beam bandwidth <
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SCSS CeB6 thermionic cathode

CeB6 cathode after 20,000 hrs. of 
operation (left) and new (right)

Intensity distribution of a “good” laser spot

For low intensity and ultra-low emittance, thermionic cathodes 

are an option capable of long-term, stable operation

(����	����
�
��
���������	
	����
�)

Courtesy of 

T. Shintake

Courtesy of

D. Dowell

Electron distribution from the photocathode
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Demonstrated success for high-current, low emittance beams

Low-current, ultra-low emittance beams at a constant MHz repetition rate

Inspired by the success of the pulsed DC thermionic gun at SPring-8

3. P.N.. Ostroumov, K.-J. Kim, and P. Piot, Proceedings of the LINAC-08, pp 666

4. P.N. Ostroumov, D. Capatina, K.-J. Kim, S.A. Kondrashev, B. Mustapha, and A. Nassiri, 

Proceedings of the 2009 Particle Accelerator Conference
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1 MHz, 10kV  

pulser

100 MHz, 1 MV 

RF cavity

Horizontal jaw slit to 

filter in energy and 

select a 0.5 ns bunch 

section

100 and 600 MHz 

cavities to linearize 

energy spread

Bunch compressorsVelocity 

buncher

Main 

linac

5. K. Baptiste, J. Corlett, S. Kwiatkowski, S. Lidia, J. Quiang, F. Sannibale, K. Sonnad, J. Stapes, 

S. Virostek, and R. Wells, Nucl. Instrum. Methods Res. A 599, 9 (2009).

6. K. Togawa, T. Shintake, T. Inagake, K. Onoe, T. Tanaka, H. Baba, and H. Matsumoto, Phys. 

Rev. ST-Accel. Beams 10, 020703 (2007).

400 MHz

SC linac

1.3 GHz

SC linac

Gate electrode
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Pulsed gate electrode?

Extreme beam dump?

Laser-assisted flash heating?

??? 

� Dominated by the etched/damaged cathode periphery
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Pulsed gate electrode

Extreme beam dump?

Laser-assisted flash heating?

??? 

� Dominated by the etched/damaged cathode periphery

Our base-line design choice
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Calculation of the 

cavity fields 

including the gating 

electrode using 

Superfish/Poisson
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Plate with 1mm diameter aperture 
at -300.2 kV to impede emission.

Pulsed to -290 kV to gate current 

Cathode 
at -300 kV

0.12 �m

normalized

emittance

0.006% rms momentum

spread

Effect of reflections from

outer boundary

7.  M. Borland, Users guide to SPIFFE, www.aps.anl.gov
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Pulsed operation for a ~ millisecond every 5 Hz

FID has said it can make a suitable high voltage switch

Advances in semiconductor technology 

may solve this problem for us…
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Experiment at ITS facility at APS 

showed short pulse emission is 

possible with reasonable 

agreement to 1D theory8

8.  N.S. Sereno, M. Borland, K. Harkay, Y. Li,
and R.R. Lindberg, APS technical note in 

preparation (2010).
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Both problems can be 

ameliorated by gating the 

emission at the cathode


