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Abstract LOW CHARGE DESIGN

Several linac driven X-ray Free Electron Lasers (XFELS) This 6 GeV hard XFEL design is composed of a com-
are being developed to provide high brightness photogact 150-meter-long X-band injector and linac, plus a 30
beams with very short, tunable wavelengths. In this pan undulator. A sketch of the accelerator layout is illus-
per, three XFEL configurations are proposed that achievgated in Fig. 1 (left), and plots of the final beam cur-
LCLS-like performance using X-band linac drivers. Thesgent profile and longitudinal phase space are shown in
linacs are more versatile, efficient and compact than ongsg. 1 (right). It can operate in the short bunch, low
using S-band or C-band rf technology. For each of the deharge regime, which guarantees a small nonlinear energy
signs, the overall accelerator layout and the shaping of thgodulation along the bunch from the X-band acceleration
bunch longitudinal phase space are described briefly. (26 mm rf wavelength). No harmonic RF linearization is

needed in either stage of bunch compression. An acceler-
INTRODUCTION ation gradient of 80 MV/m is assumed, which is achieved
routinely in the SLAC NLCTA X-band linac. The effective

During the last 40 years, the photon wavelengths froreal estate’ gradient is about 60 MV/m when components
linac driven FELs have been pushed shorter by increasingich as quadrupoles are included. In comparison, the S-
the electron beam energy and adopting shorter period upand RF structures in LCLS are operated at an acceleration
dulators. Recently, the wavelengths have reached the X-rgyadient of 20 MV/m. For bunch compression, a two stage
range, with FLASH (Free-Electron Laser in Hamburg) [1]system is adopted, each using a standard four-dipole chi-
and LCLS (Linac Coherent Light Source) [2] successfullycane. The bunch generated by the X-band photocathode
providing users with soft and hard X-rays, respectivelygun is assumed to have a charge of 10 pC, an rms length
FLASH uses a 1.2 GeV L-band (1.3 GHz) superconductingf 40 ym and a peak current of 30 A. This electron bunch
linac driver and can deliver 10-70 fs FWHM long photonis compressed to a final length of Q81 rms with a peak
pulses in a wavelength range of 44 nm to 4.1 nm. LCLSurrent of 3 kA. A laser heater is located before the first
uses the last third of the SLAC 3 km S-band (2.856 GHz3tage of bunch compression to increase the uncorrelated
normal-conducting linac to produce 3.5 GeV to 15 Ge\energy spread, which provides more Landau damping to
bunches to generate soft and hard X-rays with good spatigippress transverse emittance growth caused by coherent
coherence at wavelengths from 2.2 nm to 0.12 nm. synchrotron radiation.

Newer XFELs (at Spring8 and PSI) use C-band (5.7 The longitudinal wakefield in Linac2 can be optimized
GHz) normal-conducting linac drivers, which can sustaitby tuning Linac2 length, to partially or fully cancel the tim-
higher acceleration gradients, and hence shorten the linagy jitter induced bunch length variation, and to generate a
length, and are more efficient at converting rf energy tdlattop electron current profile as shown in Fig. 1 (right).
bunch energy. The X-band (11.4 GHz) rf technology deSimulations usingsENESIS[4] of such bunches lasing at
veloped for NLC/GLC offers even higher gradients and efp.15 nm in a\,, = 1.5 cm period undulator, and other de-
ficiencies, and the shorter rf wavelength allows more vesign considerations, can be found in [5].
satility in longitudinal bunch phase space compression and
manipulation. In the following sections, three different
configurations of X-band linac driven XFELSs are described OPTICSLINEARIZATION DESIGN

that operate from 6 to 14 GeV. The first (LOW CHARGE  For jinac based XFELs, a harmonic RF section is typi-

DESIGN) has an electron bunch charge of only 10 pC; thga|ly used before the first stage bunch compression, where
second (OPTICS LINEARIZATION DESIGN) is based onthe punch is the longest, to cancel the higher order energy
optics linearization of the longitudinal phase space in thgorrelation caused by the RF curvature in the main acceler-
first stage bunch compressor and can operate with eithep@on section. This leaves a nearly linear energy variation
high (250 pC) or low (20 pC) bunch charge; and the thirgyong the bunch. For example, FLASH uses third harmonic
(LCLS INJECTOR DESIGN) is similar to LCLS but uses (3.9 GHz) rf cavities and LCLS has a fourth harmonic (X-
an X-band linac after the first stage bunch compressor Bhnd) accelerator structure.
250 MeV to achieve a final beam energy up to 14 GeV. | this XFEL driver design, an alternative way to lin-
Compared with LCLS, these X-band linacs are at least &yjze the bunch compression in the first stage is employed.
factor of three shorter. It eliminates the harmonic RF section, which would be dif-
*\Work supported by the DOE under Contract DE-AC02-76SF00515 ficult with an X-band injector, and uses optics linearization
tyisun@slac.stanford.edu instead with a specially designed bunch compressor that
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Figure 1: Left: sketch of a compact (150 m) XFEL driver usifigdaband accelerators including an X-band photocathode
gun [3]. An acceleration gradient of 80 MV/m is assumed inXhband accelerator structures, and a two stage bunch
compression system is adopted with relatively weak dipadgmets to suppress ISR (incoherent synchrotron radiation)
and CSR (coherent synchrotron radiation) effects. RighfGANT simulations of the final bunch current and energy

profile at the end of the accelerator (undulator entrance).
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Figure 2: Left: sketch of an all X-band, hard X-ray FEL drivéth optics linearization in the first stage bunch compresso
Right: ELEGANT simulations of the final bunch current and reiyeprofile at the end of the accelerator.

includes quadrupole and sextupole magnets. The secowds computed and optimized using the cod&D8 [6],
order longitudinal dispersiofi;gs Of this bunch compres- then translated for use with tl&EGANT [7] code. A start-
sor is used to compensate the second order curvature framend (6 MeV to 7 GeV) 6-D simulation was performed in
the rf acceleration. The third order longitudinal dispersi ELEGANT with all the collective effects included, although
Usges Can also be tuned to cancel the third order rf curwith perfect alignment of all of the beam elements. This
vature, however, in most cases this is not necessary as\tas followed by an FEL lasing simulation of 1.5 Angstrom
effect is relatively small. (8 keV) photons in a,, = 1.5 cm undulator using the
An all X-band, 200-meter-long, XFEL driver using this GENESIS[4] code. With 250 pC bunchs from the injec-
linearization scheme is shown in Fig. 2 together with plotsor, a similar lasing performance (photons per electron in
of the resulting bunch longitudinal phase space and the fintde undulator) as that at LCLS for the same injector bunch
beam current profile. Two stages of bunch compression acharge was achieved. However, the pulse length is about a
used to preserve the beam brightness and to allow timirigird shorter than that at LCLS d8% of the charge is col-
jitter cancellation using the effect of the strong longitud limated in the first stage bunch compression at 250 MeV.
nal wakefield. With this optics linearization scheme, th&he collimation is necessary to preserve a small slice frans
bunch needs to be overcompressed in the first stage cowerse emittance by removing the electrons in the head and
pressor (unlike in LCLS), and under compressed in the setail of the bunch, which are heavily affected by CSR effect
ond (like in LCLS). The two stage bunch compression alsduring the over compression process. Examples of lasing
makes the compression ratio smaller in each stage, angianulation results for this and the low charge design are
compression ratio less than 10 is preferred to achieve gostiown in Fig. 3. A detailed description of this design can
linearity during compression. The optics for this desigrbe found in [8].
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Figure 4: Left: Sketch of an XFEL driver using an LCLS injectbrough the first compressor, followed by an X-band
linac. Right: ELEGANT simulations of the final bunch curremtd energy profile at the accelerator end.

cm, FEL saturation can be achieved within 60 meters at a
) photon wavelength of 1.5 Angstrom.
e [ Based on these ELEGANT and GENESIS simulations,
A ] this 300 m driver can generate the same XFEL performance
AV as the 1000 m long S-band linac driver for LCLS. It also
may provide a wider FEL operation range (i.e., double the
A (nm) final peak current to 6 kA) and much more flexibility in
longitudinal phase space manipulation. The detailed desig
‘ considerations and simulation results can be found in [9].
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The resulting electron beam has a similar or better quality

than that from LCLS simulations. The total length of the

accelerator is roughly 300 meters, including the LCLS style

injector. Employing an LCLS like undulator with,, = 3



