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Desirable properties of Free Electron Laser
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X-ray FELs offer a new paradigm in SR Science

“disordered” x-rays ordered : 3rd gen Storage ring

patter -
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synchrotron .
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« What if you can’t make a
large crystal?
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Peak brilliance (intensity)
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Diffraction from single molecules

* Not all proteins !
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Molecular movies

* Observing chemistry on its timescale
 Infrared pump, X-ray probe (separated in time)

« Advantage is that in addition to form, also get function of
molecule
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Outline — X-Ray Free Electron Lasers

« Ultrafast photon science

» Wigglers, undulators and coherent radiation

« Overview of an X-ray free electron laser

- Self-Amplified Spontaneous Emission (SASE)
* Free electron laser seeding schemes



Conventional laser and Free Electron Laser

optical laser
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Why don’t we use mirrors to make an X-ray laser cavity?



Free-electron lasers

« Storage ring light sources are spontaneous sources
* Photon emission is random, uncorrelated in phase
* Photon emission can be stimulated
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When does the charge radiate coherently?
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Coherent synchrotron radiation
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Free-electron laser (SACLA, Japan)
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Wigglers

13



Wigglers
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* Incoherent superposition
Of many bending 102 Wiggler Ispectrum

Source: Australian Synchrotron
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Difference between undulators and wigglers

* Fundamentally, there is no difference!

Wiggler, if K > 1
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Undulator, if K < 1

e R
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Undulators
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Undulators
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Undulator radiation

* Bright odd harmonics, null even harmonics

« Even harmonics don't perfectly cancel

* Non-zero emittance
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- What if you want a different photon energy?
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Tuning an undulator — deflection parameter
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A real undulator
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Comparison of radiation sources
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Options for making FEL radiation

1. Undulator in a cavity
(limited by mirror reflectivity)

2. Inject a ‘seed’ laser beam
(where do we get an x-ray seed beam?)

3. Self-Amplified Spontaneous Emission (SASE)
(inherent noise in the electron distribution grows
resonantly)

4. Self-seeding
(select a single frequency from broadband SASE
spectrum)

5. Harmonic Generation

22



Free-electron lasers
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FEL Physics: Electron motion in the undulator
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For coherent radiation we want a short bunch in the ‘radiate’ region

How do we make the bunch short? Answer: Dispersion

high energ;& S high energy

low energy

low energy

24



FEL Physics: microbunching

 Electrons slip one radiation wavelength per undulator
period

« “Electrons losing energy to the light wave travel on a
wavelike trajectory of larger amplitude than electrons

gaining energy from the light wave.”
Source: DESY Photon Science
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Note ‘slippage’ of one radiation wavelength per undulator period
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http://photon-science.desy.de/facilities/flash/the_free_electron_laser/how_it_works/high_gain_fel/index_eng.html

Looking closer for more detail...
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N
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‘microbunching’ of the electron charge

distribution
beam above

resonance

Question: What is an ‘inverse FEL'?
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FEL gain length
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FEL gain length

FEL power (W)
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High-Gain Harmonic Generation (HGHG)

* Modulator, chicane (Inverse Free-Electron Laser)
« Radiator
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E. Hemsing, et al., Rev. Mod. Phys., 86, 897 (2014).
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Echo-Enabled Harmonic Gain (EEHG)
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Self-seeded operation
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Summary

 Light source technology developing in two main
directions

* Average brightness (Diffraction-Limited Storage Rings)
* Peak brightness (Free-Electron Lasers)

« Complementary and different
« Techniques to increase brightness mostly involve
seeding

This work was supported in part by the Department
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Virtual tours of LCLS

LCLS undulator hall
https://my.matterport.com/show/?m=YudBtDqUACB

Near Experimental Hall
https://my.matterport.com/show/?m=GrfiGyzo|ZZP
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