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Undulator

XFEL
4 km from end to end



• Two all-new variable gap X-ray undulators: SXU and HXU
• Increases available beam time
• HXU photon energy extended to 25 keV

LCLS-II





Matter in Extreme Conditions (MEC)
beamlines

long-pulse
laser

short-pulse
laser

LCLS
XFEL beam

100 J
527 nm (2ω)
5 ns … 35 ns

1 shot per 7 minutes

1 J
800 nm (1ω)

45 fs
5 Hz





Long-pulse laser

>60J combined output

Seed from front end

1” Nd:glass heads

2” Nd:glass heads 2” Nd:glass heads
Frequency doublers

Seed: custom diode-pumped Nd:YLF
• > 100 mJ, 5-35 ns (arbitrary), 10 Hz

Pre amp: 2 x 25 mm Nd:Glass
• 1 J, shot / 2 min
Power amp: 4 x 50 mm Nd:Glass
• 50 J → 25 J post-SHG, shot / 7 min
• Total 100 J for ≥ 10 ns, 10 J/ns for ≤ 10ns
• typical shapes: flat-top, ramp, step, etc.
• CPPs: 150 µm, 300 µm, 600 µm diameter

(intensity > 1013 W/cm2 with 150 µm CPPs)

Pulse shaping



Long-pulse laser

150 µm 
nominal

300 µm 
nominal

600 µm 
nominal

Pabl ~ 480 GPa

VISAR data:
CPP 150 µm
10 ns flat top

Al 25 µm

Laser-driven
shock compression
100 J → 4.8 Mbar



Short-pulse laser

FWHMhor

6.4 µm

FWHMvert

4.8 µm

Peak intensity: 4.1019 W/cm2
• Front end: Vitara + Legend (4.1 mJ, 45 fs, 120 Hz)

• Nonlinear pulse cleaner: TOPAS-Prime + NDFG (SFG)

• Back end: two home-built MPAs
• MPA1 (compressed): 4 pass → 14 mJ (120 Hz)
• MPA2 (uncompressed): 3 pass → 1.5 J (5 Hz)
• 1 J, < 50 fs, > 107 contrast @ > 3 ps

• Max. 4.1019 W/cm2 with f/5 OAP
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pulse
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spectral
bandwidth

pulse
trains

3 fs … 50 fs … 250 fs 4 keV … 25 keV
(hard x-rays in FEH)

15 eV (SASE at 8 keV)
1 eV (seeded)

Two bucket (Δt = 350 ps up to 120 ns)
4-8 pulses (Δt = 700 ps)

0.6 mJ … 2 mJ

XFEL parameters



XFEL beam diagnostics
performance measurements



pulse
duration

3 fs … 50 fs … 250 fs

XTCAV
X-band Transverse deflecting mode CAVity



pulse
duration

3 fs … 50 fs … 250 fs

Time Tool
Timing the x-rays with the short-pulse laser
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detector

Si
crystal

photon
energy

4 keV … 25 keV
(hard x-rays in FEH)

spectral
bandwidth

15 eV (SASE at 8 keV)
1 eV (seeded)

Further cleaning
with Si(111) mono
ΔE/E = 1.4x10-4



pulse
trains

Two bucket (Δt = 350 ps up to 120 ns)
4-8 pulses (Δt = 700 ps)

Icarus Camera
Multi-pulse detection



pulse
energy

0.6 mJ … 2 mJ

Gas Monitor Detector
GDM

Atomic ionization of rare gases at low pressures (1E-5 to E-
7Torr)

• atomic ionization of rare gases (Ar, Ne, Kr) 
at low pressure (10-5 to 10-7 mbar)

• Charge detection of ions and electrons 
(Faraday cup)

• Pulse by pulse measurement
• Cross calibrated to photon flux



Scientific Cases



CeO2 powder
at 15 keV

Concept:
• Standardization of XRD technique with 

LCLS and the MEC long pulse laser
• Provides simultaneous lattice structure 

and sample pressure measurements

X-ray Diffraction Experiments

Diagnostic capabilities:
• 4 ePix10k quads provides a 2θ coverage of 

about 10° to 75° and a Φ coverage of ±100°
• Dual line VISAR allows for pressure 

measurement from 10 GPa up to 5 Mbar

Ben Heuser (ELISS 2023)



Warm Dense Matter Studies



Warm Dense Matter Studies



Daniel Haden (UNR)

Warm Dense Matter Studies



Relativistic Electron Transport



Relativistic Electron Transport



Relativistic Electron Transport



Hydrodynamic Evolution



Future Investigations



MEC-U
MEC Upgrade Project



MEC and MEC-U Team

Philip Hart
Scientist, Detectors POC

Hae Ja Lee
Inst. Scientist

Phil Heimann
Inst. Scientist
➛ X-ray Beam Delivery

Eric Cunningham
Laser Scientist

Meriame Berboucha
PhD Student

Bob Nagler
Inst. Scientist

Eric Galtier
Instrument Lead

Alan Fry
Senior Staff Scientist SLAC
MEC-U Project Director

Gilliss Dyer
Department Head

Dimitri Khaghani | khaghani@slac.stanford.edu


	1. dia: From XFEL basics to advanced synergy: Integrating ELI-class lasers with a cutting-edge x-ray source
	2. dia
	3. dia
	4. dia
	5. dia
	6. dia: Matter in Extreme Conditions (MEC) beamlines
	7. dia
	8. dia
	9. dia
	10. dia
	11. dia
	12. dia: XFEL beam diagnostics performance measurements
	13. dia
	14. dia
	15. dia
	16. dia
	17. dia
	18. dia: Scientific Cases
	19. dia
	20. dia
	21. dia
	22. dia
	23. dia
	24. dia
	25. dia
	26. dia
	27. dia
	28. dia: MEC-U MEC Upgrade Project
	29. dia: MEC and MEC-U Team

