
The Linac Coherent Light Source II 
(LCLS II) at SLAC 

Overview 
The Linac Coherent Light Source (LCLS) will be the world’s first free-electron laser at 
Ångström wavelengths (XFEL).  It will be the first high brightness hard x-ray source with 
full transverse coherence.  Its average brightness will exceed that of the brightest existing 
x-ray sources by a factor of 100 and its peak brightness will exceed them by a factor of 
ten billion.  Its ultra-fast pulse structure will make it possible to directly observe chemical 
and physical processes as they evolve on time scales of ~200 femtoseconds (fs) and 
shorter.  These capabilities are all encompassed in the baseline LCLS Project scope.  
Thorough review of the scientific case leaves no doubt that the LCLS will have an 
enormous impact on the materials, chemical and biological sciences when it is 
operational.  X-ray sources with properties approaching those of the LCLS simply do not 
exist anywhere in the world today.  The instrumentation and experimental techniques 
needed for XFEL science cannot be fully developed and definitively tested under these 
conditions until the LCLS is operational.  For this reason the LCLS Project scope and 
strategy for early operation will take the most direct, lowest-risk path to begin these tests 
and the science that the LCLS was designed to do.  The layout of experimental facilities 
will permit the most flexible, lowest-risk beam line designs and shared use of optics and 
diagnostics in a variety of innovative new experiments. The proven performance of the 
SLAC linac in both energy reach (up to 50 GeV) and pulse format will permit incorporation 
of R&D advances made during the project and early operations phase to maintain the 
LCLS at the forefront of XFEL sources. 

This document describes a roadmap for expansion and upgrade of the LCLS beyond its 
baseline goals.  The justification for this upgrade is based on a forecast of what the most 
exciting opportunities and critical needs will be within reach of XFELs in the next 8-10 
years:  

• X-ray pulses in the few femtoseconds time domain  

• Multiple undulators operating over a broad spectral range and serving many 
experimental stations 

• Extension of the XFEL photon energy range to much higher than 8 keV  

This roadmap demonstrates that the above-listed goals are well matched to the facilities 
and core competencies of SLAC, and may be reached by an incremental, science 
opportunity-driven development of the LCLS into a large-scale multi-beam user facility that 
will define the state-of-the-art in XFEL research for decades beyond the start of LCLS 
operations.  The flexibility of the S-band SLAC Linac in energy and pulse format will 
permit the LCLS upgrade to take full advantage of developments in gun technology, 
magnet design and scientific initiatives that develop between now and the completion and 
early operation of LCLS.  The initial operations phase of LCLS is necessary for these 
developments. 
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This document presents a roadmap, not a single path.  Experience from successful first 
operations of the LCLS will permit assessment of fruitful scientific areas, user demand and 
the operation and performance of an XFEL, so that the choices for the next step in XFEL 
source development will become much clearer.  LCLS enhancements that cover the 
roadmap may be categorized against the goals listed above: 

• Adding undulators to the LCLS - Associated beam line infrastructure can be added 
to the LCLS to enhance short-pulse capability, increase energy reach, or increase 
capacity to support a larger user community.  We describe the possibility of 
expanding to 8 undulators to the LCLS.  The first step, addition of a single 
undulator, can be implemented without significant conventional construction. 

 
• Reconfiguration of the SLAC linac - The SLAC linac is capable of 50 GeV 

operation at 120 Hz as well as operation as two or three completely independent 
120 Hz linacs (28 GeV + 14 GeV or 3x14 GeV), each capable of accelerating 
trains of bunches.  Indeed, 28 GeV (for PEP-II filling) + 14 GeV (for LCLS) will be 
implemented at the start of the LCLS construction. 

Pulse repetition rates much higher than 120 Hz (or 3x120 Hz in a three-linac 
configuration) are not possible with the SLAC linac.  Operations experience with the LCLS 
will demonstrate how significant this limitation might be.  However, it is quite clear that the 
first suite of experiments proposed for the LCLS are in any way limited by average 
brightness; and generally are rate-limited below 120 Hz by other aspects of the 
experiments.  We believe that the SLAC linac will support a growing and world-leading 
science program in its first decade of operation and beyond. 
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Introduction 
The goals of the LCLS Project at SLAC are to i) produce synchrotron x-rays with 
unprecedented brightness, pulse length and coherence and ii) apply these x-rays in a 
series of novel experiments that will push the scientific frontier in the domain of ultrafast 
processes (a few tens to hundreds of femtoseconds) and ultrasmall lengths (Ångströms).  
This will be accomplished in a timely and cost-effective manner by taking advantage of the 
existence of the fully operational SLAC high-energy linac.  The LCLS accelerator and its 
characteristics are described in the LCLS Conceptual Design Report (http://www-
ssrl.slac.stanford.edu/lcls/CDR/). 

The unique characteristics of the LCLS x-ray beams come from an innovative marriage of 
advanced accelerator and synchrotron technologies.  LCLS R&D and progress on SASE-
based FEL physics worldwide provide strong confidence and validation that the LCLS can 
achieve its project goals on the timeline and within the budget that have been established.  
The scope of the project will accommodate a variety of instruments that will be carefully 
chosen through a series of workshops and review by advisory groups.  Based on current 
knowledge, the first suite of experiments [1] is expected to include study of nanoscale 
structural dynamics in the femtosecond regime, creation and investigation of new states of 
atoms and matter, and imaging non-crystalline materials near or at atomic resolution in 
the sub-picosecond time domain.  In each of these cases, breakthrough discoveries are 
expected in the first years following completion and commissioning of the project in 
FY2008.   

In the past two years, XFEL R&D and facility design efforts have accelerated, both within 
the LCLS collaboration and worldwide (most notably DESY in Germany), uncovering 
intriguing possibilities to significantly extend the performance of XFELs.  However, it is 
essential to recognize that LCLS is to be the first machine of its kind operational anywhere 
in the world, breaking completely new ground;  the experience gained with the accelerator 
and its first suite of experiments will be essential ingredients in guiding the direction of any 
future upgrades or expansion.  LCLS in its initial scope will also provide invaluable 
experience in operation of the linac-based XFELs, the first of the 4th generation x-ray light 
sources. 

With additional study and R&D for the LCLS, it is becoming clear that there are certain 
areas of natural evolution for LCLS performance and ultimate capacity.  It is therefore 
important, even at this early stage, to provide for such opportunities beyond the initial 
scope in areas that can be foreseen.  The LCLS design has significant machine 
“headroom” to take full advantage of possible future performance enhancements.  In 
addition, the SLAC site and linac facilities have sufficient space and capacity to provide for 
future physical expansion.  Considered below are several options that could form a natural 
path for upgrading the LCLS.  These upgrades will in most cases require additional R&D.  
It is important to emphasize that the SLAC linac is fully capable of supporting a wide-
spectrum, multi-beam line, large user program without major modification.  With significant 
improvements in gun performance, the 50 GeV capability of the SLAC linac will extend the 
XFEL energies to more than 40 keV in the first harmonic.  The ability of the SLAC linac to 
vary the electron energy on a pulse-to-pulse basis, either in small increments or large 
steps, will be a very valuable flexibility in optimizing undulator design for specific 
experiments.  These upgrades can be realized in stages, with no significant loss of the 
initial investment in the LCLS, providing an opportunity for the LCLS to evolve as 
determined by progress in accelerator physics, and demanded and driven by scientific 
opportunity. 
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Scientific Opportunities 
XFELs offer unique potential to impact broad scientific disciplines by enabling structural 
studies not possible with any other photon source.  The wavelength reach will permit 
determining structures with atomic resolution and observing how they evolve on the time 
scales characteristic of motions in condensed and gas phases.  The large peak power will 
permit the creation of new states of matter in enough quantity and with sufficient control to 
probe their equations of state.  The large per-pulse intensities will allow the determination 
of structures from single particles and biomolecules.  All these ideas are described in the 
First Experiments document for the LCLS [1].  If any one of these fields and associated 
experimental tools fulfills expectations then a strong case is made for one of the key 
ingredients in the LCLS upgrade: multiple undulators.  The choice and parameters of 
these multiple sources will be defined in the early operations of LCLS as the suite of initial 
experimental stations comes on line and the first experiments commence.  These multiple 
undulators, and the tunability that one could provide on a pulse-to-pulse basis due to the 
extraordinary flexibility of the S-band SLAC linac, will make possible spectroscopic, 
element selective studies to probe the electronic structures as well as local atomic 
rearrangements. 

One already knows the limitations of the baseline pulse length of the LCLS.  Even in its 
early operations it is expected to approach 100 fs and there are ideas that would permit 
‘slicing’ a short portion, ~10 fs, from a broader LCLS pulse.  This too can be accomplished 
in early operations.  Achieving shorter pulses will benefit most proposed experiments for 
the LCLS.  Hard x-rays can provide atomic spatial resolution of the evolution of structures 
from the ground state through intermediates to a final state following laser excitation.  
Watching the evolution of wavepackets on the excited state potential energy surface in 
times relevant to many chemical reactions (especially with light atoms) will be possible 
when LCLS II delivers pulses of order 10 fs.  For example, these pulses will be able to 
probe the coherent excitations in biological chromophores (e.g. in bacteriorhodopsin) 
upon the initial absorption of light quanta and investigate directly the atomic motions in 
response to the initial electronic excitations.  These and many other experiments point 
toward shorter pulses. 
The ultimate goal is to extract a single spike from the SASE spectrum.  This would provide 
radiation pulses of as short as ~300 atto-seconds.  In this regime there are unexplored 
scientific opportunities in coherent control and non-linear x-ray optics.  To fulfill even some 
part of this dream will push the technology of both the accelerator and the x-ray optics.  
Development of a full suite of x-ray optics, the analogue of the kit available in the IR-UV 
range, will be critical to success with this extraordinary potential. 

Many of these studies are improved experimentally by at the same time going to higher 
photon energies (shorter wavelengths).  In general for spectroscopy by extending to ~20 
keV, one gains access to the K or Ledges of all elements in the periodic table.  Indeed, by 
reaching down to 250 eV to access the C K edge and up to 20 keV, the spectral range 
covers almost any problem of current interest in the chemical, materials and biological 
sciences.  As to the range 20-30 keV, this will provide the resolution to study disordered 
systems at high resolution, particularly important for, for example, scattering from liquids 
where chemistry occurs in its ‘natural’ environment.   
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LCLS II  – Upgrade Opportunities Beyond the Initial 
Scope 
The SLAC Linac and SASE undulator offer a great deal of flexibility to tune beam 
parameters and enhance XFEL radiation characteristics in specific ways.  During 
commissioning and operation, it will be possible to push the performance of the LCLS past 
baseline goals to produce x-ray pulses that are much shorter (the order of ~ 100 fs).  
However, in the longer term several enhancement pathways are logical extensions to 
provide new capabilities.  Three principal development paths are each described briefly 
below, and expanded in greater depth in the remainder of this document. 

• X-ray pulses much shorter than 230 fs - Pulses down to 10 fs could be achieved 
at no cost by implementing “chirped pulse” operation of the linac and making use 
of a monochromator, and this approach is part of the LCLS initial scope.  A second 
approach, based upon an innovative “chirped-pulse seeding” scheme, offers the 
advantages of reduced intensity fluctuations. It also eliminates the effect of 
transmission losses in the monochromator, yielding maximum peak brightness.  A 
third option uses the interaction of wakefields in the undulator vacuum chamber to 
‘turn off’ the lasing process for part of the bunch, thus producing shorter pulses.  
The basic concept of causing only a fraction of the bunch to lase is appealing and 
the number of ideas to achieve this is growing.  All these options require the initial 
LCLS operating phase for verification and LCLS II would explore and implement 
those which are most effective.   

 
• Addition of multiple undulators to the LCLS - Additional undulators, each 

serving multiple additional endstations, would significantly increase capacity.  
These undulators can be optimized for different spectral ranges and radiation 
characteristics specifically matched to experimental needs.  The combination of 
multiple undulators and fast pulse switching will make the LCLS a full-scale multi-
beam line, large-scale user research facility.  The multi-energy operating capability 
of the SLAC linac permits optimum designs for the undulators for simultaneous 
production of significantly different photon energies.  The range of photon energies 
could span from the carbon K edge (4.4 nm) to the LCLS baseline wavelength 
limit, 0.15 nm and even beyond (as below).  This capability could be implemented 
in the LCLS with pulse-to-pulse variation of the linac energy.   

 
• Photon energies beyond 8 keV - The existing gun performance coupled with 

higher electron energies from the SLAC linac can extend the energy range of the 
LCLS beyond 8 keV at the first harmonic.  The full capability of the SLAC linac to 
provide electron beam energies up to 50 GeV holds the promise when combined 
with expected improvements in gun performance that XFEL radiation will reach 44 
keV in the fundamental.  These developments require the initial phase of LCLS 
operation and the continued R&D directed at gun performance to make full use of 
the potential of the SLAC linac.  Delivering electron energies above 15 GeV also 
requires an additional high brightness injector located further upstream on the 
linac. 
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X-ray Pulses Much Shorter than 230 fs 
Experimental results at the TESLA Test Facility have demonstrated <50 fs pulses of ~100 
nm radiation from a longer electron bunch.  This happens when only part of the electron 
bunch has the small emittance and energy spread necessary to support SASE.  LCLS 
simulations indicate that a peak brightness of 1034 and duration <10 fs could be produced 
by a current spike of up to 10,000 Amperes, embedded in the longer electron bunch.  
These power spikes are contained within longer pulses of lower power; R&D and 
ultimately experience will help identify operating modes with desirable and controllable 
characteristics.  Implementation of this approach would not require additional hardware.  

Another means of producing very short pulses with more easily-controlled characteristics 
could be realized by manipulation of the x-ray pulse after the SASE process.  The LCLS is 
designed to be operable with “chirped-pulse” energy distribution in the 230 fs electron 
bunch.  The energy of the electrons can be made to vary by as much as 1% as a linear 
function of position from head to tail.  This means that x-rays emitted from the tail of the 
bunch will be different in wavelength by 2% from those emitted at the head of the bunch.  
This correlation between x-ray wavelength and position within the 230 fs standard bunch 
length can be preserved through the SASE process to saturation.  The LCLS Project 
includes the development of a monochromator capable of handling the full power of the 
LCLS beam, at least in the Far Hall.  The monochromator can be designed for resolutions 
from 10-3 to 10-5, passing the x-ray beam only when its wavelength is within its energy 
acceptance.  Due to the time-energy correlation in the x-ray pulse, a pulse much shorter 
than 230 fs will exit the monochromator.  The ultimate limit of this technique would be the 
width of a single spike in the LCLS output, ~300 atto-seconds.  To isolate a single spike, 
however, requires about a 9% chirp in the electron beam and this is will be challenging to 
achieve.  However, the 1% chirp and an appropriately designed Si(111) monochromator 
will pass a ~10 fs pulse, limited by the gain bandwidth of the FEL process.  The facilities 
for testing the above-mentioned paths to shorter pulses will be part of the LCLS project 
baseline, and the tests themselves will be part of LCLS commissioning.  

The “chirped pulse” concept can be optimized to avoid any loss of brightness and reduce 
intensity fluctuations by implementing a “chirped-pulse seeded” arrangement [2].  In this 
configuration, a monochromator is placed inbetween two shorter undulator sections.  The 
radiation produced by SASE operation in the first undulator section (at less than full 
power) is filtered through the monochromator, and then the resulting short-pulse output is 
used as a seed for FEL amplification in the second undulator section.  The total length of 
undulator required for this scheme is equal to the baseline LCLS SASE undulator, but 
additional space is needed for the monochromator section in the middle.  The LCLS 
design accommodates this space requirement 

According to studies that have been conducted on this scheme [2,3] the output radiation 
at the exit of the second undulator has the following characteristics: 

 
Pulse duration (full-width-half-maximum, fwhm) : 6 fs 
Energy variation along electron pulse:   0.5% 
Radiation bandwidth:     10-4 

Peak radiation power:      23 GW 
Number of photons/pulse:    1011 
Power fluctuations (rms):  9% 
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Another approach would take advantage of electromagnetic wakes in the undulators [4].  
A short bunch passing through the undulator vacuum chamber generates longitudinal 
wakefields that can be used to shorten the length of the electron pulse that will lase.  This 
happens because the wake-fields generate energy spread and loss that drive the bunch 
far enough off energy and significantly reduce the FEL gain.  The studies [4] indicate that 
by tapering the undulators appropriately, one can select which part of the electron bunch 
saturates and where the wake potential lies within the acceptance bandwidth of the FEL.  
With copper, the shortest radiation pulse length is simulated to be 45 fs, whereas with a 
high resistivity material like graphite a pulse as short as 4 fs can in principle be obtained.  
The Cu scenario could be part of the LCLS R&D, since all it requires is the possibility of 
tapering the undulator.  Once the process is verified experimentally, additional undulators 
and vacuum chambers having the required characteristics could be installed to achieve 
bunches as short as a few fs, deliverable to multiple experimental stations. 

 
Addition of Multiple Undulators to the LCLS 
Given the very high cost of a high-energy (multi GeV) linac and the relatively lower cost of 
long undulators, a facility with a multiplicity of experimental stations that can be used 
simultaneously will be most economically realized by the linear accelerator feeding 
multiple undulators.  These undulators could be optimized to provide radiation with 
different characteristics (e.g. wavelength, polarization) for different experiments.  With the 
LCLS operating at a repetition rate of 120 Hz, the electron beam can be switched from 
one undulator to the next within 8.3 ms.  

Providing different photon energies from each undulator in a multi-undulator facility can be 
achieved by variation of undulator parameters with fixed electron energy and/or variation 
of the electron energy on a pulse-to-pulse basis.  The latter approach provides the 
greatest flexibility for the user.  Energy variations at the level of several GeV on a pulse- 
by-pulse basis can be achieved by upgrading the pulsed quadrupole magnet system 
already implemented in the SLAC linac.  

The LCLS will utilize a single 120-m long XFEL undulator located a few hundred meters 
downstream of the end of the SLAC linac, in the existing FFTB housing.  It is, however, 
quite feasible to plan for multiple FEL undulators and associated electron beam switching 
systems, by utilizing the available space in the SLAC research yard.  Such a plan requires 
care in the design of the electron bending systems so that coherent synchrotron radiation 
(CSR) of the short electron bunches in the bending magnets does not significantly dilute 
the transverse beam brightness.  Considering these factors, a beam line concept has 
been designed which fans out symmetrically to eight separate FEL undulators.  The 
electron bending angles range between one and four degrees over 300-meter long beam 
lines.  The bending magnets are long and gentle and are arranged in pairs, separated by 
appropriate optics, to effectively cancel the emittance dilution effects of the CSR.  This 
layout is illustrated in Fig. 1, which maps onto the physical SLAC site. 

 

 

 

 

 

 



LCLS II - Upgrade and Expansion February, 2003 Page 8

 

 
               Figure 1  Concept of an 8-undulator LCLS switching system. 

Such a system might be used with fast switching to provide, for example, a 15-Hz electron 
bunch rate per undulator, taken from the nominal 120-Hz machine repetition rate.  If 
pulsed quadrupole magnets are included in the linac, each beam line might also receive a 
different energy electron beam, providing a range of XFEL radiation energies over the 
multiple undulators, from 250 eV up to 8 keV and beyond (see section below on higher 
photon energies).  Alternatively, bunch trains could be used to provide up to 120 Hz to 
each of the multiple undulators.  The bunch separation can be accomplished using RF 
deflectors that deliver a different kick to each bunch in a train.  As the bunches proceed 
along diverging trajectories, DC magnets would be placed to direct each bunch to a 
different undulator.  This possibility, however, means that all undulators have the same 
electron energy and therefore brings a need for a large variation of undulator parameters 
to span the photon energy range of the LCLS. 

 
Higher Photon Energies 
The LCLS will provide photons up to 8 keV in energy in the baseline design.  Extending 
this range to 30 keV and perhaps higher will directly impact spectroscopies in the x-ray 
region making it possible to access the K or L edges of all elements above carbon in the 
periodic table.  It will also impact the resolution in scattering experiments from disordered 
systems that can address important problems in femtochemistry and materials science.  
The SLAC linac has the capability for, and now routinely delivers, electron beams with 
energies up to 50 GeV.  This capability can in principle extend the energy range of the 
photon energy range of LCLS well beyond the 8 keV baseline.  However, there are 
physics limits to the highest energy (shortest wavelength) that can saturate in the SASE 
process for a given initial electron beam emittance from the gun. 
As the electron energy is increased to reach shorter x-ray wavelength, the incoherent part 
of the spontaneous undulator radiation plays a significant role.  Higher beam energy 
widens the complete emission spectrum and thus increases the total power of incoherent 
radiation.  This increases the average energy loss as the beam travels down the 
undulator, changing the resonance condition.  The effect can be avoided if the undulator 
field is matched to the energy loss.  The variation of the undulator field is called ‘tapering’, 
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which is often used to push the saturation power to a higher level.  To keep the resonant 
wavelength constant the undulator field varies to compensate the energy loss. 

While the average energy loss can by compensated by a tapered undulator, the 
incoherent emission also affects the energy spread of the beam.  For higher beam 
energies the spectrum of the spontaneous undulator radiation covers frequencies where 
the number of emitted x-ray photons is small.  The emission does not follow the classical 
description anymore and only quantum mechanics can estimate the probability of the 
emission correctly.  This random process yields an increase of the energy spread due to 
the fluctuation in the emitted power. 

The dependence of this quantum fluctuation on the energy is rather strong, increasing 
with the fourth power.  Therefore, it can be expected that the amplification is significantly 
reduced above an energy threshold.  For the LCLS undulator the saturation power is even 
reduced for 25 GeV when quantum fluctuations are included.  

In theory, the simplest method to reach shorter wavelengths is to decrease the gain 
length, in particular providing a higher electron density.  If the FEL saturates faster the 
energy spread is less accumulated.  In practice it is difficult to realize because the 
transverse and longitudinal emittances, and therefore the energy spread, peak current, 
beam size and transverse divergence, are defined by the electron source.  For example, 
with a gun emittance of 0.1 mm-mrad and an electron energy of 50 GeV the LCLS 
undulator saturation occurs within 50 meters at a wavelength of 0.12 Å (100 keV).  A more 
reasonable goal is to achieve 0.3 mm-mrad (x4 less than the LCLS baseline).  If one 
assumes this gun emittance and a helical undulator with a 7-cm period, then saturation 
occurs within 120 meters (the same length as the baseline LCLS undulator) at a 
wavelength of 0.28 Å (44 keV) as seen in Fig. 2. 

 

 
 
Figure 2   Energy spread in the electron bunch as a function of position along the undulator.  Note 
that the curve saturates (the FEL process saturates) at 120 meters.  The electron energy is 50 
GeV, the emittance 0.3 mm-mrad.  A 7-cm period helical undulator is assumed, yielding a photon 
energy of 44 keV. 
 

Summary and Conclusions 
The expansion of the capabilities and capacity of the LCLS beyond its initial configuration 
can follow a natural evolution.  Straightforward and cost-effective enhancements would 
implement fast switching of a single x-ray beam to several endstations, allowing 
simultaneous experiments.  It is expected that development of this technological capability 
will be part of the first set of LCLS experimental proposals (the one on “XFEL Physics and 
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Technology Program”) while implementation would be a part of Phase II.  The reduced 
pulse rate should have a relatively small impact on LCLS experiments.  

Experimental evidence and simulations indicate that pulses in the range of 100 fs can be 
achieved by careful tuning of the LCLS, rather than by hardware modification.  A 
reconfiguration of the undulator system to incorporate “chirped-pulse seeding” may have 
advantages for short pulse operation because it offers improved stability and control of 
pulse duration.  

The LCLS can be expanded into a large-scale user facility with eight or more undulators, 
each supporting multiple endstations.  Such an expansion, which takes full advantage of 
the flexibility provided by the SLAC S-band linac, can be accomplished so as to 
completely preserve the initial investment in construction of the LCLS.  The cost of 
additional beam lines will depend in detail on economies of scale and on threshold effects, 
such as how many undulators can be fit into a single tunnel (up to four undulators could 
be added to the LCLS without increasing the dimensions of the conventional facilities).  
These costs have not been studied in any detail by the LCLS team.  However, the costs 
are clearly dominated by the cost of the new conventional facilities and undulators; costs 
associated with rework or replacement of existing LCLS facilities, including those 
constructed as a part of LCLS Phase I, will be minimal.  

Each new LCLS beam line will provide peak brightness equal to or greater than that of the 
initial LCLS configuration.  It is important to emphasize that the peak brightness and 
pulse duration of the LCLS are in no way limited by the SLAC linac.  These 
performance measures are determined by the gun and bunch compressors and not the 
accelerator technology.  As the R&D efforts on all aspects of accelerator technology 
progress, they can be incorporated into the expansion of LCLS.  In particular as gun 
emmittances approach 0.3 mm-mrad, the full energy reach of the SLAC linac (50 GeV) 
can be utilized to extend the energy reach of the LCLS beyond 40 keV. 

For the next 20, years, the performance of the SLAC linac will support the most ambitious 
of research programs using XFEL radiation.  The SLAC site, infrastructure, and core 
competencies in accelerator physics and synchrotron science will always be compelling 
arguments supporting the premise that the LCLS and its future expansion, LSLS II, are 
the most scientifically productive, and indeed economical, foundation for research with 
XFELs. 
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