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1. EEHG principle - Standard layout

G. Stupakov, PRL, 
2009; 

D. Xiang, G. Stupakov, 
PRST-AB, 2009 

•  First laser to generate energy modulation in electron beam 
•  First strong chicane to split the phase space 
•  Second laser to imprint energy modulation 
•  Second chicane to convert energy modulation into density modulation 
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1. EEHG principle - Advantages and challenges

∼
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2. EEHG experiments@SLAC

C-1 TCAV1 X2 TCAV2 

C1 U1 U2 spectrometer 

Existing 
Main echo beam line constructed after 10/2009 
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2. EEHG experiments@SLAC
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2. EEHG experiments@SLAC - Laser system
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2. EEHG experiments@SLAC - Laser-beam interaction

OTR1 OTR2 

Beam on OTR1 

Laser on OTR1 

Beam on OTR2 

Laser on OTR2 Beam-laser 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 

undulator 



to a 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. 

1.5 ps 

COTR signal vs laser timing 

COTR image 
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2. EEHG experiments@SLAC - Laser-beam interaction
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2. EEHG experiments@SLAC - Experimental results

kE = nk1 +mk2

(n,m) = (−1, 5)
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2. EEHG experiments@SLAC - Experimental results

(a) 

(b) H2 

1590 nm laser on 

795 nm laser on 

(a) 

(b) H2 

1590 nm laser on 

795 nm laser on 

(a) 

(b) 

(c) 

E1 E2 E3 
350 400 450 500 550 600 

H4 H3 

H2 

H4 H3 H2 

1590 nm laser on 

795 nm laser on 

Both lasers on 

Radiation wavelength (nm) 

kE = nk1 +mk2

kH =
k0

1 + hR56

(n,m) = (−5, 4)

(n,m) = (−1, 6)

(n,m) = (1, 2)

h = dδ/dz = 33.4 m−1
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2. EEHG experiments@SLAC - Experimental results

(b) simulation 
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H4 H3 H2 Both lasers on 

(b) 
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2. EEHG experiments@SLAC - Experimental results

(b) 795 nm 

1590 nm 

Both 
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2. EEHG experiments@SLAC - Transverse cavity

FyEz

beam
on

off
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2. EEHG experiments@SLAC - Experimental results

  4th to 7th harmonics 
from HGHG suppressed 
with increased beam slice 
energy spread 

  7th harmonic reappear 
with the first laser on, like 
an echo 

  7th harmonic generated 
when energy modulation 
is about 2~3 times the 
beam slice energy spread 

(n,m) = (−2, 11)
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3. Concerns of experimental design for ERL@KEK
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4. Possible end-to-end simulations
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Without CSR  2.5kA, with CSR  1.25kA, with CSR  

60th harmonic EEHG for FLASH II 



4. Possible end-to-end simulations
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5. Summary
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