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Deccelerating Beam

#) Linac based light source:

1) Emittance o 1/y~ 115 mrad ~, BEDR £, ZRE—L2 2R

2) Short photon pulses~ 0.1~1 pico-second $g/\JLR{E

#) A great numbers of ID-beamlines
#) Possibility to realize the XFEL-O FrRIaE—L X
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e PRL. 100, 244802 (2008).
eccelerating Beam
. repetition coherent coherent bunch 4 of
a\jerage Pe.a p fraction fraction Width Remark
brilliance | brilliance rate (Hz) . L. BLs
(vertical) (longitudinal) (ps)
ERL ~10%3 ~1026 1.3G ~20% non 0.1~1 30 | Nem-perturbed
measurement
Single mode
XF(];:L' ~10?7 ~1033 ~IM 100% 100% 1 ~1 FEL (few
meV)
SASE- -
~1022-24 ~10% 50~10K 100% few % 0.05 -1 One-shot
FEL measurement
Non-perturbed
3rd_SR ~102%0~21 ~10%2 ~500M 0.1% non 10~100 ~30 P
measurement

(brilliance : photons/mm?/mrad?/0.1%/s @ 10 keV)



Hard X-Ray FEL Oscillator (XFEL-O)
_

By Kwang-Je Kim
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Experiment

 Store an X-ray pulse in a Bragg cavity=> multi-pass gain & spectral
cleaning

* Provide meV bandwidth

* MHz pulse repetition rate=> high average brightness

(10'> Photons/sec, 10° photons/pulse @ ~10keV with a few meV b.w.)
* Zig-zag path cavity for wavelength tuning

* Single mode X-ray laser (time and space domains)

Originally proposed in 1984 by Collela and Luccio and resurrected in 2008 (KJK, S. Reiche, Y. Shvyd’ko, PRL 100, 244802
(2008)
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Spectral Brightness
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R. Hettel, “Performance Metrics of Future Light 13 Sources”, FLS2010,
SLAC, March 1, 2010.
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-rand challenges for basic sciences

- on-crystalline materials and nano-science ™~
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-rand challenges for basic sciences
- on-equilibrium states generated by photons

visual sensing

ultrafast
photo-switching

biology
and

chemistry

materials,
energy
and

environment

photosynthesis
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1030 nm Yb fiber laser

At B EE 2R

e High input power: 170 kW/coupler
e Medium gradient: 15 MV/m

e High beam currents: 100 mA (CW)

Fhatonic

Cryzml
White Sead
Sigral 800 n NT A

515nm Ll

idler 1500 nm Bem
Splitter SHG

A hY—FR L —5—:
e High average power: 15 W CW
e Repetition: 1.3 GHz, L ~ 800 nm

K ARFIR

e 1.3 GHz, 300 k (CW) for injector

I T

EEREBEEZER

. e Medium gradient: 15-20 MV/m (CW)
=2 EDCEF#i: e High average current: 200 mA
e 500kV, 10-100 mA

e Normalized emittance: 0.1 - 1 mm-mrad

e Higher-order-mode damping
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Compact ERL at the end of FY2012

2012: The compact ERL will start the operation under the 35MeV, 10mA
The compact ERL will demonstrate the ERL accelerator technologies but also the
experimental possibilities based on CSR of THz radiation and laser inversed Compton X-ray

1 Contin;mus upgrading: @ﬂblzﬁ/j—f@
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cERL, ERL.: target timelines

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
R&D of ERL key elements
cERL .
Prep of ERL . Beam test and test experiments
Test Facility | construction
Improvements towards |
Il 3GeV class ERL i
Construction of User
3GeV class ERL run
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O =#gYiRLSeeded XFEL

Array of configurable FELs
Independent control of wavelength, pulse
duration, polarization
Configured with an optical manipulation
technique; seeded, attosecond, ESASE

Beam
manipulation ¢ ) ) .
and Beam distribution and E Injector Laser Heater  Bunch Compressor Exil o Linac 2
conditioning individual beamline tuning 70 MeV 160 MeV 350 MeV

1HGeV
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NGLS project at LBNL

Low-emittance,
high rep-rate
electron gun

Laser systems, timing
& synchronization

High-Repetition-Rate FEL Facility at LBNL
(Synchrotron Radiation News, Vol. 20, NO. 6, 2007, p20~27.)
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