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Electromagnetic Spectrum

E=hv

FEER ¢ = 299,792,458 m/s ZBEATTHESL h = 6.626 x 1027
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Relativistic Short Wavelength Free Electron Lasers (2000)

FELs EMeV) I(A) N  Ag(cm) K(rms)
A4 \E; N ERZuuN-l A e Ty m o EXISTING ====== = || ---=-== | ccomcec cecacme  cmcmmce  commcee | mmmmmee =mee—ee
RS EERROERIlER . | Eiep (mm FEL) 6 " =Rl P
Dartmouth(FEL) 0.04 0.001 50 300 -
E E Korea(KAERI-FEL) 6.5 0.5 80 2.5 1.6
Himeji(LEENA) 5.4 10 50 1.6 0.5
There was thus no place UCSB(FIR FEL) 6 2 150 2 0.1
: : Osaka(ILE/ILT) 8 50 50 2 0.5
left in 1965 at whn_:h I Osaka(ISIR) 17 30 32 e 1
could pursue studies of Tokai(JAERI-FEL) 16.5 100 52 3.3 0.7
- Bruyeres(ELSA) 18 100 30 3 0.8
the physics and Osaka(FELI4) 33 40 30 8  1.3-1.7
technology of advanced UCLA-Kurchatov 13.5 80 40 1.5 019
: LANL(RAFEL) 17 300 200 2 .
vacuum electronic Stanford(FIREFLY) 15-32 14 25 6 1
radiation sources UCLA-Kurchatov-LANL 18 170 100 2 0.7
9 9 Maryland(MIRFEL) 9-14 100 73 1.4 0.2
Beijing(IHEP) 30 14 50 3 1
Darmstadt(IR-FEL) 25-50 ol 80 32 1
John M. J. Madev(201 BNL(HGHG) 5.3 L 40 120 60 3.3 1.44
y(2015) Osaka(FELI1) 5.5 10ps 33.2 42 58 3.4 1
Tokyo(FEL-SUT) 5-16 2ps 32 0.2 40 32  0.7-1.8
Nieuwegein(FELIX) 4-200 1ps 50 50 38 6.5 1.8
Duke(MarkIII) 3 3ps 44 20 47 23 1
—

(Plus fifteen more)
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XFELs around the world
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Following an electron bunch for free electron laser(LBNL)



What is an X-ray Free Electron Laser or XFEL? (SLAC)

WHAT IS AN



https://www.youtube.com/watch?v=kUeraeIkTmo&pp=ygUcaG93IGZyZWUgZWxlY3Ryb24gbGFzZXIgd29yaw%3D%3D

Location Facility name Photon energy (keV) Pulse length? (fs) Pulse energy” (mJ) Repetition rate (Hz) Flux (ph s~ Start of operation

Japan SACLA BL2,3 4-20 2-10 0.1-1 60 2-9x 10" 2011
SACLA BL1 0.04-0.15 60 0.1 60 3-9x 10 2015

Ttaly FERMI FEL-1 0.01-0.06 40-90 0.08-0.2 10 (50) 1-6 x 10> 2010
FERMI FEL-2 0.06-0.3 20-50 0.01-0.1 10 (50) 1-5x 10'* 2012

Germany  FLASHI1 0.02-0.3 50-200 0.03-0.5 (1-800) x 10¢ 0.08-1 x 10'8 2005
FLASH2 0.01-0.3 50-200 0.03-0.3 (1-800) x 10 0.05-2 x 101 2015

Korea PAL-XFEL 2.5-15 5-50 0.8-1.5 60 0.4-2x 10" 2016
0.25-1.2 5-50 0.2 60 0.6-3 x 104 2016

Switzerland SwissFEL 1.8-12.4 10-70 1 100 0.5-3 x 10 2017
0.2-2 10-70 1 100 0.3-3x 10° 2021

Germany  European XFEL-SASE1,2 3-25 10-100 2 2,700 x 10¢ 0.1-1 x 107 2017
European XFEL-SASE3  0.2-3 10-100 2 2,700 x 10 0.1-2 x 10'® 2017

USA LCLS 0.3-12 2-500 2-4 120 0.03-1 x 10'6 2009
LCLS-II 1-25 10-100 2-4 120 0.1-3 x 10" 2022¢
LCLS-II 0.2-5 10-200 0.02-1 10° 0.04-1 x 10" 2022¢

LCLS-II-HE 0.2-13 10-200 0.02-1 10° 0.01-1 x 10! 2026¢
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