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� The principles of EEHG FEL
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� Key advantage



� EEHG FEL: promises and challenges

� Promises

� Remarkable up-frequency conversion efficiency allows the generation 
of soft X-rays from UV seed lasers in a single stage

� Peak current for each current bump is NOT significantly enhanced, 
which mitigates the collective effects

� Challenges

3

� Control & preservation of the phase space correlations

o CSR & ISR in the chicanes

o Quantum diffusion in the undulators

o Path length difference for particles with different betatron amplitude

o Unwanted x-z coupling from field errors, high order field components



� A proof-of-principle EEHG experiment at SLAC

� ECHO-7 at NLCTA

existing
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� NLCTA: Next Linear Collider Test Accelerator

existing
New ECHO beam line after 09/2009

� Install X2 to boost beam from 60 MeV to 120 MeV

� laser transport

� Construction of three undulators and three chicanes



� ECHO-7 at NLCTA

� Milestones

� 03-2009:   First planning meeting

� 06-2009:   LDRD&BES funded

� 08-2009:   Undulators ordered

� 09-2009:   First chicane installed

� 12-2009:   120 MeV beam achieved
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� 02-2010:   First undulator installed

� 12-2009:   120 MeV beam achieved

� 04-2010:   795 nm laser-electron interaction achieved

� 05-2010:   1590 nm laser-electron interaction achieved

� 05-2010:    First harmonic radiation observed

� 7-2-2010:   First echo signal



� ECHO-7 at NLCTA
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� ECHO-7 at NLCTA
� Beam-laser interaction-spatial overlap

OTR1 OTR2
Beam on OTR1 Beam on OTR2
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Laser on OTR1 Laser on OTR2
The spatial overlap is
achieved by steering the
laser to the same position as
the electron beam on the
OTR screens upstream and
downstream of the undulators



� ECHO-7 at NLCTA
� Beam-laser interaction-temporal overlap

photodiode � The laser and undulator
radiation are reflected out by
the OTR screen and detected
by a fast photodiode.
� Scan delay stage to finely
adjust the laser timing until
the COTR enhancement is
observed.
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Beam on crest in X1 Beam off crest in X1

1.5 ps 5 ps



� ECHO-7 at NLCTA
� Wavelength calibration

(a)

(b) H2

1590 nm laser on

795 nm laser on

Incoherent undulator radiation

395 nm bandpass filter in
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531 nm bandpass filter in

The radiation spectrum [350, 600] nm can be measured in a single shot



� ECHO-7 at NLCTA
� First ECHO signal E3

(a)

(b) H2

1590 nm laser on

795 nm laser on
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(c)

350 400 450 500 550
Radiation wavelength (nm)

600

H2 E3

Both lasers onE4 ?



� ECHO-7 at NLCTA
� ECHO signals when beam has an energy chirp

(a)

(b) H2

1590 nm laser on

795 nm laser on

(a)

(b)

H4 H3

H2

1590 nm laser on

795 nm laser on
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Radiation wavelength (nm)

(c)

E1 E2 E3

350 400 450 500 550 600

H4 H3H2Both lasers on



E1 E2 E3

350 400 450 500 550 600

H4 H3H2Both lasers on

� ECHO-7 at NLCTA
� ECHO signals when beam has an energy chirp

(b)

simulationsimulation



H4 H3H2Both lasers on

� ECHO-7 at NLCTA
� Radiation wavelength vs beam energy chirp

H2

E3

E2



� Summary

� EEHG works

� ECHO-3 and ECHO-4 observed; with ECHO-5 and 
ECHO-7 on the way

Many thanks to the ECHO-7 team and a lot of other people for helpful 
discussions, comments and commissioning assistance.
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Thanks!
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