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The potential for the development of XFEL beyond stdandard (SASE) 
mode of operation:
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Schemes for Schemes for attocesondattocesond XFELXFEL
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Selection of Selection of attosecondattosecond pulsespulses

SSY, SSY, Opt. Comm.,Opt. Comm., 212(2002)377212(2002)377



Generation of attosecond pulses in XFEL
/ „parasitic mode of operation“ /
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Slicing of electron bunch with fs-laser SASE process 

Monochromator selects 
attosecond X-ray pulses

SSY, SSY, Opt. Comm.,Opt. Comm., 237(2004)153237(2004)153



Generation of attosecond pulses in XFEL
/ 100 GW option /
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Pump-probe experiments with attosecond SASE FEL
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Slotted foil methodSlotted foil method
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scattered scattered ee−−
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coulomb coulomb 
scattered scattered ee−−

ee−−

1515--μμm thick Be foilm thick Be foil LCLSLCLSLCLS

P. Emma et al., Proc. FEL 2004 Conf., p.333P. Emma et al., Proc. FEL 2004 Conf., p.333



Slotted foil methodSlotted foil method

P. Emma et al., Proc. FEL 2004 Conf., p.333P. Emma et al., Proc. FEL 2004 Conf., p.333
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800800--nm modulation (few GW)nm modulation (few GW)

EE--SASESASE (applied to (applied to LCLSLCLS))

4 GeV4 GeV 14 GeV14 GeV

Allows synchronization between Allows synchronization between 
laser pulse and xlaser pulse and x--ray pulseray pulse

peak current enhanced x7peak current enhanced x7
70 as70 as

24 kA24 kA

SASE FELSASE FEL

short pulse trainshort pulse train



Generation of attosecond pulses in XFEL
driven by energy-chirped electron beam

Slicing of electron bunch with fs-laser SASE process 

300 attosecond
   X-ray pulse

Electron
beam

Ti:sapphire laser
      5 fs pulse

Electron
beam  dum p

      Undulator
(negative tapering)

Energy
m odulator

0 2 4 6 8 10
-40

-20

0

20

40

60

80

100

 

 

E
-E

0
  
[M
e
V
] 
, 
 P
  
[G
W
]

t  [fs]
4.8 5.0 5.2 5.4 5.6 5.8 6.0

0

20

40

60

80

100

 

 

P
  
[G
W
]

t  [fs]

SSY, SSY, Phys. Rev. ST AB 9(2006)050702Phys. Rev. ST AB 9(2006)050702



The end



Effect of aperture limitations on SASE: 
Coherent diffraction radiator, 4mm slit, position at 14ACC7

09.02.2006 08:55
Three images below demonstrate an effect on SASE of 
diffraction radiator 14ACC7.
8:41 diffraction radiator inserted
8:53 diffraction radiator removed
CDR does not affect transmission, but reduction of SASE 
occurs. Fine positioning of slit done by Delsim did not 
result in recovering SASE level.

Note that during night shift CDR 14ACC7 was in. All 
attempts to improve SASE above 9 uJ failed. After 
discussion of their problems we decided to move out CDR 
14ACC7. Within 10 minutes we tuned SASE to 11 uJ level.



                        

LUXLUX electron beam parameters:electron beam parameters:
ee−− energy   energy   = 3 GeV= 3 GeV
emittance        emittance        = 2 mm= 2 mm--mradmrad
energy spread energy spread = 0.3 MeV= 0.3 MeV
peak current    peak current    = 500 A= 500 A

Generation of Attosecond Pulses…Generation of Attosecond Pulses…
A. Zholents, W. FawleyA. Zholents, W. Fawley
PRLPRL 9292, 224801 (2004)., 224801 (2004).

800 nm800 nm
Mod. tuned so only high Mod. tuned so only high 
energy energy ee−− interact with 2interact with 2--
nm HC FEL radiationnm HC FEL radiation

Modulator Chicane

2 nm2 nm

~2x10~2x106 6 photonsphotons

110 as110 as
1 nm1 nm

2 nm, 100 MW, 100 fs2 nm, 100 MW, 100 fs



Energy slicing of the electron beam at sub-10fs scale

Undulator: period 50 cm
number of periods:2
peak magnetic field 1.6 T

Laser: Ti:sapphire (800 nm)
flash energy 2-4 mJ
pulse duration 5 fs

Slice energy modulation up to 40 MeV



Principle of as pulses production in X-ray SASE FEL

• The laser-driven sinusoidal energy chirp produces  frequency chirp of the 
resonant radiation δω/ω ' 2δγ/γ correlated to the position along the bunch. 
• Sensitivity of the SASE FEL process to the energy chirp along the bunch 
leads to effective isolation of radiative slices of the bunch. 
• Selection of as pulses can be performed by:

- a crystal monochromator which reflects a narrow bandwidth 
(“parasitic” mode of operation); 

- undulator tuned to offset frequency (dedicated 100 GW mode of operation).
• Since the radiation frequency is correlated to the longitudinal position within 
the beam, a short temporal radiation pulse is extracted. 


