
Projected Run 26 LCLS FEL Parameters – Update June 18, 2025 

This run will offer capabilities on the soft and hard X-ray instruments using the LCLS copper accelerator at 

120 Hz while the superconducting accelerator is undergoing a major upgrade to higher energies under the 

LCLS-II-HE project. 

LCLS FEL parameters are with hard and soft x-ray undulators (HXU and SXU) driven by the normal 

conducting (NC) linac. Values are based on recent performance. Many parameters vary with energy, pulse 

duration, and bandwidth. Stability values below are taken over a few minutes. 

The following table shows values at fixed photon energies FEL systems can generate. For important details 

on nominal pulse energy versus photon energy (other parameters fixed), see the figures in the following 

section.  

Values are capability from the FEL source and do not reflect effects specific to beamlines (e.g., transport 

efficiency/capability/operational beam rate). Please refer to Points of Contact and information for the 

relevant beamline for further details. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(See table on next page) 

  



 

Photon Beam Parameters Symbol NC linac 
HXU x-rays 

NC linac 
SXU x-rays 

 

Unit 

  ωmax
 

ωmin
 

ωmax 
 

ωmin
 

 
Photon Energy ω

 

25000 1000 5000 200 eV 

Fundamental wavelength λr 0.5  12.4 2.5 62.0 Å 

Final linac e- energy γmc2 16.5 3.5 10.0 3.5 GeV 

FEL 3-D gain length LG 4.0 1.0 2.5 1.0 m 

Peak power P 20   80 50 30 GW 

Pulse duration range (FWHM)  10 – 50 10 – 250 fs 

Nominal pulse duration (FWHM) ∆τf 30 50 fs 

Max Pulse Energy* U 0.6  2.0 2.5 1.5 mJ 

Photons per pulse* Nγ 0.15   14 3.1 47 1012 

Peak brightness* Bpk, SASE 7800 425 2250 19 1030 § 

Average brightness*  B 
  

280 
@ 120 Hz 

16 
@ 120 Hz 

138 
@ 120 Hz 

1.5 
@ 120 Hz 

1020 § 

SASE bandwidth (FWHM) ∆ω/ω 30 2 10 2 eV 

Photon source size (rms) s 8  20 16 46 m 

Photon far field divergence 
(FWHM) 

FWHM,x, 1 12 3 25 µrad 

Max. Beam Rate FEL 120 120 Hz 

Avg. x-ray beam power Px 0.07 0.24 0.30 0.18 W 

Linear Polarization (100%) P Vertical Horizontal  

Electron Beam Parameters     

Nominal Bunch Charge Q 180 180 pC 

Total Energy Spread σE/E 1 1 10-3 

Emittance (Undulator) γεu
x,y 0.5-1.6 0.5-1.6 µm 

Undul. bunch length (rms) σzf 16 – 3  16 – 5 µm 

Final peak current Ipk 1.0 – 5.0 1.0 – 3.0 kA 

Proj. Emittance (injector) γεx,y 0.45 0.45 µm 

Slice Emittance (injector) γεs
x,y 0.37 0.37 µm 

Inject. bunch length (rms) σz0 550 550 µm 

Max. Single Bunch Rep. Rate F 120 120 Hz 

e- energy stability (rms) ∆E/E 0.02 0.07 % 

e- x,y stability (rms) x/σx 15,10 25,20 % 

e- timing stability (rms) ∆t 50-100 50-100 fs 

Peak current stability (rms) ∆I/I 10 6 % 

Charge Stability (rms) ∆Q/Q 2.5 2.5 % 

FEL pulse energy stability ∆N/N < 10 < 10 % 
 

§Brightness units are photons/sec/mm2/mrad2/0.1%-BW 

*Calculated assuming nominal pulse duration and undulator strength, and depends on other electron beam parameters 

** Highest achievable beam rate will depend on accelerator protection considerations and beamline acceptance 

 

  



Nominal pulse energy as a function of photon energy 

When driven by the NC linac, photon energy may be varied using either the electron beam energy or the 

variable undulator gap. Optimum performance is achieved using the maximum undulator strength 

(minimum gap) and corresponding electron beam energy. 

For the nominal beam parameters in the previous  table, these curves show max pulse energy at the 

corresponding nominal beam energy.  

Values are at the FEL source and do not reflect specific x-ray beamline effects (e.g., transport 

efficiency/capability/rate), nor any modifications to the above operating parameters (pulse duration, etc). 

Please refer to LCLS Points of Contact and information on the relevant beamline for further details. 

 

Nominal Hard and Soft X-ray Undulator Performance with NC Linac (~40 fs pulses) 

   

 



 

Seeded X-ray Beam Parameters 

Hard x-ray self-seeding (HXRSS) is fully available with the NC linac. Soft x-ray self-seeding (SXRSS) is currently unavailable. Please contact your 

LCLS Point of Contact with any further questions including beamline contributions to this performance. 

Mode Linac Energy Range Bandwidth (FWHM) Max Pulse Energy Pulse Length 

HXRSS* NC 4.5 – 12.5 keV 0.35-1.5 eV 0.3 – 0.5 mJ Up to 30 fs 

SXRSS** 
NC 

0.4 – 1.2 keV 
~ 100 meV @ 400 eV 
~ 150 meV @ 530 eV 
~ 200 meV @ 800 eV 

< 50 – 200 µJ @ 50 fs 20 – 50 fs 

SC < 20 – 50 µJ @ 50 fs 20 – 50 fs 

* For other HXRSS energies, please inquire with your LCLS POC 
** SXRSS is currently unavailable. 

 

  



Multi-Color, Multi-Pulse Parameters 

A variety of methods for generating two or more x-ray pulses are established for the NC linac. Please contact your LCLS Point of Contact for 

further details. 

 



 

Short Pulse Parameters 
 
Hard X-rays 
 
The NC linac now offers a more rapid method for reducing pulse duration to the 10-20 fs range from the nominal 40 fs, at the cost of a 
corresponding reduction in the number of photons.  
 
For shorter pulses, two methods generate sub-fs pulses in the hard x-ray domain with the NC linac. Both use 20 pC bunch charges, requiring 
additional preparation time. One is based nonlinear electron bunch compression; the other using a new version of the slotted foil with optimized 
beam optics. A third option with an XLEAP-like approach (see below) for hard X-rays is now available with advantages in long-term stability and 
prep time.  
 
Spectral measurements of very short (< 1 fs) pulse modes show about half of shots containing single-spike spectra, while other shots have a few 
spectral spikes. The estimated duration for the single-spike pulse is about 200 - 400 as with the nonlinear compression scheme giving a bit wider 
bandwidth. For example, the measured bandwidth was about 11 eV using the nonlinear method at 5.6 keV, while the slotted foil measured 
bandwidth is about 4.5 eV. These schemes work in the hard x-ray range up to about 12.5 keV with the normal conducting linac. 
 
Soft X-rays 
 
For soft x-rays, the XLEAP method is also available. It uses self-interaction of the electron beam to modulate the beam energy across the beam 
pulse. Subsequent fine compression generates a beam spike with sub-femtosecond pulses of up to 50 µJ. 
 
For availability and detailed parameters, please inquire with your LCLS Point of Contact. 
 
 

Energy Range Parameter Value Unit 

HXR (NC Linac) 

Avg. Pulse Energy 5-10 µJ 

Pulse Duration 200 – 400 as 

Photon Energy 5 – 12.5 keV 

Bandwidth [FWHM] 4 – 11 eV 

SXR (NC Linac) 

Avg. Pulse Energy 20 µJ 

Pulse Duration 500 as 

Photon Energy 400 – 1000 eV 

Bandwidth [FWHM] 5 eV 

 
(See table on next page for more details on short pulses.) 

 



 


