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LCLS-SLAC 

More recently, FERMI@TRIESTE, SFLASH and the 
self-seeding experiment at SLAC are 

demonstrating the capability of seeded schemes 
of a much improved control of the longitudinal 

characteristics of the photons! 

FLASH-DESY 
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The X-FEL Revolution 

F. Sannibale - 2012 Free Electron Laser Conference – Nara, Japan, Aug. 31, 2012  

FERMI@ELETTRA 

SACLA 

FLASH, LCLS and SACLA brought laser performance in the x-ray range. 
Extraordinary brightness, transverse coherence and time resolution are now 

available to experimenters 
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•  Medicine


•  Biology


•  Chemistry


•  Material Science


•  Environmental Science


•  Atomic Physics


•  …
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A Revolution for Science 
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What Is Next? 
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The natural next step forward would be to extend the 
extraordinary FEL performance at much higher repetition rates. 

From the present ~ 100 Hz to MHz. 

This will represent the next revolution in terms of science 
opportunities, allowing for new classes of experiments 

presently not accessible. 
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Example: Time to do Experiments - 
Photosynthesis 

Source (intrinsic)







Max. ph/
pulse


Max. Rep. 
rate [Hz]


Time to do experiment
 Time 
resolution


Storage Ring
 105 
 5x108
 1017/105/105
 100 days
 100 ps


Pulsed FEL
 1010 
 102
 1017/108/102
 100 days
 ~fs


NGLS
 109 
 106
 1017/108/105
 3 hours
 ~fs


Required
 1017
 photons


Damage Limit
 108
 ph/pulse


Max Rep. Rate
 105
 Hz


Time to do experiment: 
 Photons Required / (Photons/Pulse x Rep. Rate) 

Sample Replacement: 
 105 Hz 
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Broad Range of Science Uniquely  
Enabled by the High Repetition Rate 
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QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.

Simulation of a  
PENNA molecule 

(2-phenylethyl-N,N-dimethylamine) 
L. Cederbaum group 
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• Submitted December 2010 
• More than 150 contributors 
• Representing >40 national and 
international research institutions 

A CD0 Proposal to DOE for a 
Next Generation Light Source (NGLS) 
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CD0 recognizes the validity of the scientific case and the need of 
building a facility in US to pursuit it. 
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CW superconducting linac, 
laser heater, bunch compressors 

High-brightness, 
high rep-rate gun 
and injector 

Beam 
spreader 

Array of independent FELs 

X-ray beamlines and endstations 
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Parameter Range Independence of Control 

Pulse Energy (µJ) 0 - 200 attenuation available per beamline 

Photon Energy (keV) 0.27 - 1.2 (+) selectable per beamline 

Pulse Length (fs) ≤1 - 300 some independence if laser seeded 

Bandwidth (%) 0.005 - 1 depends on individual FEL config. 

Polarization  linear-circular selectable per beamline 

Pulse Rate (MHz) 0 - 1 (+) 1 FEL near 1 MHz (others at 0.1 MHz) 

CD0 Science Requirements Drive LBNL 
NGLS Proposal Design 
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NGLS X-ray Pulse Time Structure 

NGLS

~microseconds


≤1 to ~100 femtoseconds


Intense coherent pulses at high 
rep rate – high average power


~100 µJ


Weak pulses at 

high rep rate


Today’s storage 
ring x-ray sources
 ~nanoseconds


~10 to 100 picoseconds 
~1 nJ


Intense pulses at 

low rep rate
~milliseconds


~10 to 100 
femtoseconds


Today’s x-ray 
laser sources
 ~1 mJ


… … 

F. Sannibale - 2012 Free Electron Laser Conference – Nara, Japan, Aug. 31, 2012  9 



10


10 µs 

5 – 250 fs 

•  High resolution 
•  Trade-off time/energy resolution 
•  1011 – 1012 ph/pulse 
•  10-3 – 5x10-5 bandwidth 
 
 

10 µs 

~1– 25fs 

•  Ultra-fast 
•  ≤ fs pulse capability 
•  2 color 
•  108 ph/pulse 

≤100 fs 

Initial and Upgraded NGLS Layout 

≤1 µs 

5 – 250 fs 

•  Highest rep rate 
•  High flux 
•  1011 - 1012 ph/pulse 
•  100 W 
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Accelerator Schematic Layout 

HL CM1 CM2 CM3 CM9 CM10 CM30 

Bunch 
compressor 1 

 

Laser 
heater Spreader Injector 

Accelerating 
cryomodules 

Linearizer 
cryomodules 

Bunch 
compressor 2 

 

Accelerating 
cryomodules 

BC1 
210 MeV 

BC2 
685 MeV 

Gun 
0.75 MeV 

Heater 
100 MeV 

Spreader 
2.4 GeV 

~700 m 

•  30–300 pC bunches 
•  1 MHz rep-rate (+) 
•  2.4 GeV 
•  ~16 MV/m gradient 
•  ~27 cryomodules 

•  2 bunch compressors 
•  1 laser heater  
•  3 initial identical spreader 

beamlines 
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High-brightness,  
1 MHz rep-rate 

electron gun 

FEL Physics, 
Undulators 

Laser systems, 
timing & synchronization 

Beam 
manipulation 

and 
conditioning 

Beam distribution and 
individual beamline tuning 

R&D and Collaboration Areas for NGLS 
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APEX (頂点): the Advanced Photo-
injector EXperiment 

Phase I: 
Beam 
characterization 
at gun energy 
(750 keV) 
  

Phase 0: 
Gun and 

photocathode 
tests 

  

Phase II completed in summer 2014 

Phase-II: 
Beam characterization at 15–30 MeV 

6-D brightness measurements 
 

Diagnostics systems in 
collaboration with Cornell CLASSE 

Accelerating cavities in 
collaboration with ANL AWA 
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Photo-gun successfully commissioned. D. Filippetto WEOAI01 
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Photocathode Materials R&D 

K2CsSb: 
6% QE at 532 nm  
0.36 microns / mm rms εn 
>> 1 week lifetime 

Transverse momentum 
measurement yields 
intrinsic emittance 
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 T. Vecchione, et al., Appl. Phys. Letters 99, 034103, (2011) 

LBNL 

Cesium Telluride Cs2Te  
relatively robust and un-reactive (operates at ~ 10-9 Torr)  
high QE > 1% -  εn ~ 0.8 µm/mm rms 
photo-emits in the UV (~250 nm)  QE map:cat4091b of cathode #409.1, +/-4.000000mm, step0.500000mm (254)
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Superconducting Linac and RF Power Source 
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•  Cryomodule concept: “TESLA/XFEL” cavities in JLAB-style housing 
•  ~16 MV/m as goal for CW operation (CEBAF 12 GeV upgrade) 
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RF & Beam-Based Feedback 

CW SRF provides potential for highly stable beams (important for users!)

•  Measure beam energy (4 locations), bunch length (2 locations), bunch arrival 

time (1 location) 
–  Feedback to RF phase & amplitude, external lasers 

•  Stabilize beam energy, (~10-5 ), peak current (few %), arrival time (<20 fs) 

3.9 CM1 CM2 CM3 CM9 CM10 CM30 

BC1 
210 MeV 

BC2 
685 MeV 

GUN 
0.75 MeV 

Heater 
100 MeV L0 L1 Lh L2 L3 

SPREADER 
2.4 GeV 

Δ
E

 Δ
σ
τ 

SP 

Δ
E

 Δ
σ
τ 

SP 

Δ
E
τ 

SP 

B
A
T

User 
laser SP 

Δ
E
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R. Wilcox - THOAI01  Strategies for achieving sub-10fs timing in large-scale FELs 
J. Byrd - TUPD29  A Dynamic Fdbck Model For High Rep. Rate Linac-driven FELs 
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Beam Spreader Options (Kickers or RF) 

•  10 FELs 
•  Simple and flexible 
•  Repetition rate < 1 MHz (one FEL near 1 MHz?) 

•  9 FELs 
•  Possible higher costs 
•  Repetition rate > 1 MHz (>1 FEL near 1 MHz) 

D F DC1 F 
Linac line 

RF Deflector Magnetic 
septum 

DC bend 

3 more 
splits 

3 more 
splits 

3 more 
splits 

Electrostatic 
septum 

Magnetic 
septum 

Fast Kicker 
Magnet 

Linac line 

to ARC 
D  F D 

10 more 
splits 
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Superconducting Undulator R&D 

Cryostat for test and measurement 

HTS tape undulator 

Planar Nb3Sn undulator 

Superconducting switch 
for field trimming 

Stretched wire magnetic field measurement 
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SC & PM Planar Undulators


SC Nb3Sn Perm. Mag. 

3rd 

5th 
3rd 

5th 

Actual performance will likely be reduced with real errors (start-2-end simulations) 

6 keV 
E  = 2.4 GeV 
γε  = 0.6 µm 
Ipk  = 600 A 
σE  = 100 keV 
βx,y  = 15 m 

gm = 7.5 mm 
λ = 19 mm 
Lm = 75 m 

gm = 7.5 mm 
λ1 = 29 mm 
Lm = 75 m 

tuning range 

F. Sannibale - 2012 Free Electron Laser Conference – Nara, Japan, Aug. 31, 2012  19 



20


Soft X-Ray Self-Seeding R&D (SXRSS) 

"   LBNL in collaboration with SLAC 
"   Replace LCLS undulator #9 (of 33) with grating-based monochromator 

and 4-dipole chicane 
"   0.3-1.2 keV seeding (0.02% FWHM BW) - transform limited pulse (~10 fs) 
"   Possibility for strong taper and 10-times FEL power 
"   Goal:  Installed and commissioned by end of 2013 (NGLS R&D) 

simulation 

20 

Y. Feng - TUOBI01  System Design for Self-Seeding the LCLS at Soft X-ray Energies 
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Monochromator: R = 105 
(grating is not easy) 

G. Penn - TUPD20 
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Laser Seeded FELs – ECHO 

•  Developing R&D plans 
•  Beam experiments  
•  Laser developments 

EEHG  
HHG 
HGHG 
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HHG seeded FEL R&D 

We are building a 1 kHz, 40 mJ, HHG source for seeding R&D 

•  HHG seeding at 50 – 100 eV

•  HHG seeding demonstrated at 61.5 

nm (SCSS) 


•  Harmonic generation in FEL to 
reach 1 nm


~100 eV 
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•  NGLS is a soft x-ray FEL with multiple FEL beamlines operating at MHz-
class repetition rate. 

•  The high repetition rate opens to a complete new class of experiments. 
•  NGLS has “CD-0” or “Approval of Mission Need” from the U.S. 

Department of Energy 
•  At LBNL, we are 

•  Optimizing machine design to best meet science needs 
•  High repetition rate 
•  CW time structure 
•  High average power soft x-ray lasers 

•  Executing and developing R&D plans 
•  Strengthening and building collaborations 

 

Summary 
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NGLS DESIGN STUDY AND 
ACCELERATOR R&D TEAM 
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アリガトウ ! 
(Thank you!) 


