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Light and Its Wavelength, Sizes of Material
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Ordinal Laser, e.g. Helium Neon Laser

« Excite the orbital electrons of an atom by external light.

« Change an orbital energy level (Pump) to make a inverted
distribution of the electrons.

« Generate stimulated emission by returning the electrons to the
original energy level.

 The special features of fthis laser are monochromatic,
coherent, pointing stability and small spot size.

« Fixed wavelength (Energy), pulse width and intensity (Pulse
energy).
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Principle of Mode-locked Laser
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Radiation When Moving an Electron
(Electromagnetic Wave Radiation)

Intensity Spectrum of Radiation

101? .

10“;
1013;_
1012;_

10" |

10" i _________-~‘""—'_-__A-

Brilliance(phaotonsisec/mrad fmm /0 .1%B W)

101[!

Electrons

10°

10* 10°

Photon Energy (eV)

Synchrotron Radiation

10°

Incoherent light

Electron

RadiationbyCurved ObifElé'Ctmn

A FEERAHS DS



Brilliance
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Bending Magnet

Undulator Principle
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Electron Movement by Its Radiation
(SASE)
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Electron Radiation Angle in Undulator

The radiation angle from the electrons is 1/

The radiations form the behind electrons modulates the transvers motion of

the advanced electron.
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The straightness of the electron orbits are within 1.6 x 10E-4 rad, 1/y @8 GeV.
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Peak brightness (photons / s / mrad?/ mm?/ 0.1%-BW)
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Feature of FEL

 Electrons passing Undulated with fthe
undulators emit the free-electron laser, FEL.

- The special features of FEL are
monochromatic, coherent, poinfing stability
and small spof size.

« Variable wavelength (Energy), pulse width and
Intensity (Pulse energy) by the electron energy,
the bunch compress, the K value (Magnetfic
field strength) of the undulator and the
electron peak current.
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SACLA Accelerator Main Components

500 kV low-emittance C-band acceleration Short-period in-vacuum
pulsed thermionic structures (37TMV/m undulators (K~2.1)
electron-gun @SACLA)




Machine Configuration of SACLA

We have 2 laser sources, which are SACLA and SCSS+. They mainly

comprise thermionic electron-guns, C-band acceleration structures,
and in-vacuum undulators.
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Magnetic Bunch Compression

BC, Bunch Compressor
4 Bending Magnets Chicane

Low Energy

Acceleration Structure

High Energy

m— Flectron Beam ,
Electron Bunch

High Energy  Low Energy

The low-energy part of the bunch takes the detour.

Acceleration The high-energy part of the bunch takes the shortcut.
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BC3 RF Deflector
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Temporal Electron Bunch Structures of
BL3 and BL2
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* Red: A peak current of the BL3 is ~10 kA at 8.0 GeV.
* Blue: A peak current of the BL2H is ~1 kA at 6.3 GeV.




Specifications of BL3 and BL2

Number of undulators

22@BL3, 18@BL2

Undulator length 5 m
Number of period (undulator) 277
Minimum magnetic gap < 3.5 mm
(undulator)

Maximum K value (undulator) < 2.85
Effective length of the beam line ~90 m

Output wave length

~ 0.08 nm@BL3
~ 0.12nm@BL2

Electron beam energy

~ 8.5 GeV

Self seeding function

BL3




Present Laser Performance (BL3)
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Simultaneous Double Electron Beam Energies
Operation at the BL3 and BL2
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Intensity [uJ]
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An X-ray nominal pulse energy value is 0.6 ~ 0.7

mJ. @ 10 keV

Possible X-ray energies are from 5 keV ~
<15 fs (FWHM)

An electron bunch length is

15 keV.

measured with RF deflector. (A measurement

accuracy is 12 fs limited by the
emittance of the electron beam.)

X-ray Laser Intensity Map
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Temporal Structure of Electron Beam
observed with RF Deflector.
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SCSS+ Configuration
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Specifications Comparison

between SCSS and SCSS+
SCSS SCSS+
Operation period 2005 ~ 2013 2015 ~
Accelerator
Beam energy 250 MeV 400 ~ 800 MeV
Bunch charge ~0.3 nC ~0.3 nC
Peak current ~300 A ~500 A
Repetition 60 pps (max.) 60 pps (max.)
Undulator
Periodic length 15 mm 18 mm
K parameter 1.5 (max.) 2.1 (max.)
Photon Beamline
Wavelength 50 - 60 nm 13 - 40 nm

Pulse energy

10-30 wJ/pulse

100 wJ/pulse




Temporal Bunch Structure Measurements by the RF
Zero-cross Method and the Streak Camera

We give energy modulation along the bunch at the RF zero-crossing

point in the acceleration unit, CB1-3, and measure the energy
distribution of the bunch at the BC2.

Streak Camera Case using OTR.

RF Zero-cross Method Case
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Laser Spectra of
the BL1
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Summary

 The variable wavelength (Energy), pulse width
and intensity of FEL , as which | already show
you, Is very important characteristics for users.

Thank you for your attention.



