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Two-color high intensity X-ray free-electron lasers (FELs) provide powerful tools for probing
ultrafast dynamic systems. A novel concept of realizing fresh-slice two-color lasing through slice-
dependent transverse mismatch has been proposed by one of the authors [Y. Chao, SLAC Report
No. SLAC-PUB-16935, 2016]. In this paper we present a feasible example following this concept
based on the Linac Coherent Light Source parameters. Time-dependent mismatch along the bunch is
generated by a passive dechirper module and controlled by downstream matching sections, enabling
FEL lasing at different wavelength with a split undulator configuration. Simulations for soft X-ray
FELs show that tens of gigawatts pulses with femtosecond duration can be generated.

I. INTRODUCTION

High-brightness, short-duration X-ray free-electron
lasers (XFELs), such as the Linac Coherent Light Source
(LCLS) [1], open up a wide range of applications in prob-
ing both the ultrasmall scale and ultrafast processes. Ad-
vanced operational modes of the XFELs have been de-
veloped to meet specific requirements of various scientific
applications. Within these advanced modes, the two-
color XFEL, delivering two synchronized pulses with con-
trollable time delay and wavelength separation, has been
an intense subject of study, enabling pump-probe exper-
iments capturing dynamical processes of chemical reac-
tions and electronic evolution in materials on the atomic
scale [2, 3].

The wavelength of the XFEL radiation emitted is re-
lated to the undulator parameters and the electron bunch
energy as

λr =
λu
2γ2

(
1 +

K2

2

)
, (1)

where λu is the undulator period, K is the undulator
strength parameter and γ is the Lorentz factor. One
can enable two-color radiation by using two different un-
dulator strengths, beam energies, or undulator periods.
Since the undulator period is not tunable, the latter so-
lution is unpractical. Two-color XFEL was first demon-
strated at the LCLS in self-amplified spontaneous emis-
sion (SASE) mode using a split undulator scheme [4].
The delay between the two-color pulses was controlled
by a magnetic chicane between the two undulator sec-
tions. Large wavelength separation was demonstrated
using variable gap undulators [5]. A twin-bunch scheme
used two electron bunches, generated by pulse stacking
at the photo-injector, to generate two-color pulses with
high intensity [6]. With various seeding methods, the
spectral purity of the two-color pulses can be improved
at different photon energies [7–10].
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Recently, a fresh-slice method generating multicolor,
fully saturated X-ray pulses has been demonstrated at
the LCLS [11]. This method relies on an electron bunch
tailored with time-dependent transverse kick effect intro-
duced by passing the electron bunch offaxis in a dechirper
device [12–14] before entering the undulator. Electron
temporal slices at the bunch head stay on-axis since the
dipole kick of the dechirper is negligible at the bunch
head, while electron slices at the bunch tail travel along
trajectories with large orbit oscillations. Steering either
the bunch head or the tail to the on-axis orbit in the first
undulator section enables the on-axis slices to lase, while
the slices with large orbit oscillations are still fresh since
the lasing is suppressed. In the second undulator section
the fresh-slices are steered back to the on-axis orbit and
then lase at the second color.

Instead of using the dipole effect which causes a large
orbit distortion downstream of the dechirper, one of
the authors (Y. Chao) has proposed using the time-
dependent quadrupole effect of the dechirper device to
generate fresh-slice lasing based two-color X-ray pulses
[15]. When the electron bunch traverses the dechirper,
temporal slices experience a time-dependent quadrupole
effect, resulting in progressively mismatched slices from
head to tail. This effect can be relevant also when the
electron bunch travels on the dechirper axis. In the un-
dulator, lasing is suppressed to a different degree for each
slice according to its mismatch to the undulator lattice.
Adopting the split undulator configuration, one can use
a matching section to select the bunch head or tail to lase
at one color in the first undulator section. Subsequently,
another matching section is used to match the formerly
mismatched slices at the entrance to the second undula-
tor section. The re-matched slices lase at a second color
in the second undulator section. Since there is no bunch
orbit distortion for this method, it can potentially be a
better solution for the high repetition-rate XFELs.

The layout of the proposed scheme is described in Sec-
tion II, followed by the generation of a time-dependent
mismatch of the electron bunch using a dechirper in Sec-
tion III. In Section IV, we describe how a dedicated
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matching section can be used to select the lasing slice.
We present two-color FEL simulations in Section V. The
beam tracking and FEL simulations are performed us-
ing typical LCLS soft X-ray operating parameters. We
also discuss the implementation and application of this
method. Results are summarized in Section VI.

II. LAYOUT

The layout of the proposed method is sketched in Fig.
1. A dechirper device (see Fig. 2) is located in the
upstream of the undulator line. After passing through
the dechirper on axis, the bunch tail is significantly mis-
matched with respect to the design lattice due to the
time-dependent quadrupole effect of the dechirper wake-
fields, while the head part stays matched. A four-quad
matching section (M1) is used to match the tail and mis-
match the head at the same time so that the tail part can
lase in the first undulator section (U1) tuned to K1. An-
other four-quad matching section (M2) located between
the two undulator sections is used to match the head
part and mismatch the tail so that the head part now
can lase in the second undulator (U2) at wavelength λ2.
Besides the large mismatch, the energy spread of the tail
is increased in U1 after lasing, making the suppression
of the tail in U2 more effective. A chicane between the
two undulator sections can be used to adjust the time
delay of the two-color pulses and also wash out the mi-
crobunching formed in the first undulator section at the
bunch tail. Note that we choose the bunch tail to lase
first so that we have more flexibility to control of delay
of the two pulses.

The existing LCLS parameters are used to demonstrate
the feasibility of the proposed scheme. The main ma-
chine parameters used in simulations are listed in Ta-
ble I. The dechirper system, including one 2-m long
vertical dechirper module and one 2-m long horizontal
dechirper module, is installed in the transport beamline
from linac to undulator (LTU). Since the time-dependent
quadrupole effect of the vertical dechirper can be com-
pensated by the horizontal dechirper, we only use the ver-
tical dechirper, and leave the horizontal dechirper jaws
fully retracted. One dedicated matching section (M1)
which already exists after the dechirper can be used to se-
lect the first lasing slice. In principle, the second match-
ing section (M2) to switch the lasing slice can be realized
using existing quadrupoles between undulator segments,
but the quadrupole strength at the LCLS is not sufficient
to match the largely mismatched slice back. Thus we con-
sider a dedicated matching section with four quadrupoles
replacing one existing undulator segment. The overall
length of this matching section is about 4.8 m taking
into account the existing drift space on both ends of the
undulator segments. The LCLS planar undulator seg-
ments have fixed gap, but the canted angle of the mag-
netic poles allows for tuning K between 3.44 to 3.51.
Two magnetic chicanes, replacing the 9th and the 16th

undulator segments for soft X-ray [16] and hard X-ray
self-seeding [17], can be used to provide delay control be-
tween the two-color pulses. The second matching section
(M2) can be located between the two magnetic chicanes.
In the simulation presented in this paper, M2 is the 15th
undulator segment prior to the hard X-ray self-seeding
chicane.

III. GENERATION OF TIME-DEPENDENT
MISMATCH USING A DECHIRPER

The geometry of the vertical dechirper device is
sketched in Fig.2, with half-gap a, period p, opening g,
depth h and width w. The electron bunch traverses in
the z direction. The dechirper parameters used are also
listed in Table I.

In a vertical flat dechirper, both dipole wake wyd and
quadrupole wake wyq exist. The total transverse wake
effect of the vertical dechirper near the axis can be given
by

wy = y0wyd + ywyq, (2)

wx = x0wyq − xwyq, (3)

where (x0, y0) and (x, y) are the offset of the driving par-
ticles and test particles, respectively. The dipole wake
wyd and quadrupole wake wyq are given by [18]

wyd(s) ≈
π4

16a4
s0d

[
1−

(
1 +

√
s

s0d

)
e−
√
s/s0d

]
(4)

wyq(s) ≈
π4

16a4
s0q

[
1−

(
1 +

√
s

s0q

)
e−
√
s/s0q

]
(5)

with

TABLE I. Main parameters used in simulations

Electron and radiation Value Units
Energy E 4.4 GeV
Bunch charge Q 180 pC
Bunch length ` 70 fs
Emittance 0.5 µm
Current 2.5 kA
Twiss βx/βy before dechirper 4.49/100 m
Twiss αx/αy before dechirper 0.02/3.04
Undulator period λu 3 cm
Undulator K at U1/U2 3.45/3.50
Wavelength λr at U1/U2 1.41/1.45 nm
Dechirper vertical module
Half-gap a 0.75 mm
Period p 0.5 mm
Depth h 0.5 mm
Opening g 0.25 mm
Width w 12.7 mm
Length L 2 m
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Dechirper Matching 
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Matching 
section M2

Undulator
Section U1

Undulator
Section U2

Chicane
Electron 
bunch

FIG. 1. Schematic of the layout to generate two-color FEL pulses. The dechirper device generates a time-dependent mismatch
along the temporal slices, with bunch head still matched while bunch tail is mismatched by a large factor. The first matching
section (M1) matches the bunch tail and mismatches the bunch head. The first color X-ray pulse is generated at the bunch
tail in the first undulator section (U1) tuned to K1. Another matching section (M2) is placed after U1 to match the bunch
head. The beam is then sent into the second undulator section (U2) tuned to K2 to generate the second color X-ray pulse. A
magnetic chicane can be used to control the time delay of the two-color pulses.
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FIG. 2. Structure of the vertical dechirper device.

s0d = s0r

(
15

14

)2

, s0q = s0r

(
15

16

)2

. (6)

Here s0r = a2g
2πα2p2 , and α(κ) ≈ 1 − 0.465

√
κ − 0.070κ

with κ = g/p.
The short-range bunch wake is given by a convolution

of the point charge wake function w(s) and bunch longi-
tudinal charge distribution λ(s),

Wλ(s) =

∫ ∞
0

ds′w(s′)λ(s− s′). (7)

For an electron beam with symmetric transverse charge
distribution, dipole kick due to wakefields vanishes when
the beam traverses on-axis of the dechirper. For a uni-
form longitudinal distribution with full bunch length `,
the quadrupole bunch wake is given in the form of

Wλq(s) =
π4s0q
16a4`

[
2e
−
√

s
s0q
(
3
√
ss0q + s+ 3s0q

)
+ s− 6s0q

]
.

(8)
The inverse focal length of the quadrupole bunch wake

is given by

f−1q (s) = ∓
(
Z0c

4π

)
eQLWλq(s)

E
, (9)

where Z0 = 377 Ω is the vacuum impedance, c is the
speed of light in vacuum, e is the electronic charge, Q is
bunch charge, L is dechirper length and E is the beam
energy. The minus and plus signs represent the inverse
focal length for x and y, respectively. This indicates that
the vertical dechirper is focusing in x and defocusing in y.

The quadrupole wake effect can be expressed in matrix
form as

Mq(s) =


1 0 0 0

− 1
|fq(s)| 1 0 0

0 0 1 0
0 0 1

|fq(s)| 1

 . (10)

Note that this quadrupole effect is related to bunch inter-
nal coordinate s, thus bunch head and tail experience dif-
ferent focusing when traveling through the dechirper. For
the typical LCLS short bunches, with a duration of tens
of femtoseconds and uniform current, the quadrupole ef-
fect is with good approximation quadratic. The time-
dependent focusing yields a time-dependent mismatch
along the temporal slices.

To extend the widely used 2D betatron mismatch fac-
tor Bmag [19], we define Φ as the 4D mismatch factor
between the electron bunch and the lattice [15], after a
transport of M ,

Φ =
1

4
Trace

[
Σ−1d (MΣbM

T )
]
, (11)

where Σ is the normalized beam covariance matrix and
takes on the form below in the absence of XY coupling

Σ =

 βx −αx 0 0
−αx γx 0 0

0 0 βy −αy
0 0 −αy γy

 , (12)

with subscript d representing the design lattice Twiss at
the end of the transport, and subscript b representing
the bunch Twiss entering the transport. By inserting
the Twiss and dechirper matrices into Eq.(11), one can
obtain the mismatch along the bunch.

It is important to note that the mismatch produced at
the bunch tail is related to the incoming Twiss param-
eters, more specifically, the average beam size through
the dechirper. To generate mismatch as large as possi-
ble, it is favorable to increase the average beam size. To
avoid hitting on the dechirper wall, the slice with largest
size along the bunch should be well within the dechirper
gap. Using LCLS parameters as listed in Table I, we plot
the mismatch at the bunch tail as a function of incom-
ing βy and αy in Fig. 3. The white dashed lines show
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FIG. 3. Colored contours show mismatch of bunch tail at the
dechirper exit as a function of incoming Twiss parameters.
White dashed lines represent the beta values of the bunch tail
at the dechirper exit. Bunch head is matched to the lattice.
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FIG. 4. Phase space distributions as function of time at the
entrance of the LCLS undulator when the dechirper is re-
tracted (a,c) and inserted (b,d). Bunch head is on the left.
There is a large beam divergence variation along the bunch
when the dechirper is inserted, while the variation in beam-
size is relatively small. Due to the betatron oscillations in
the transport beamline, there is an exchange in the variation
between y and y′, but the relative mismatch with respect to
the lattice is preserved for each temporal slice.

the beta values of bunch tail βtail at the dechirper exit.
Colored contours represent Φtail with respect to the de-
sign Twiss. It is seen that for the same mismatch value,
launching a focusing beam into the dechirper is beneficial
to control the beam size in the dechirper. In the follow-
ing, we choose βy = 100 m, αy = 3 before the dechirper,
with estimated mismatch value 9.5. The corresponding
largest slice (rms) beam size is 66 µm, sufficiently small
compared to the 1.5 mm dechirper gap. The Twiss in x is
set to the design value as (βx, αx) = (4.49m, 0.02), which
causes negligible mismatch along the temporal slices in
x.

In a start-to-end simulation, we tracked an LCLS
bunch from the dechirper to the undulator entrance us-
ing ELEGANT [20]. The electron bunch current profile
was shaped to be relatively flat using a collimation mode
developed at the LCLS [21]. The electron bunch energy
chirp was cancelled by the longitudinal wakefield of the
dechirper. The dechirper transverse wakefields are imple-
mented in ELEGANT using the TRWAKE element, and
providing the point charge wake functions given in Eqs.
(4) and (5). In Fig. 4, we show the transverse phase space
distributions t-y and t-y′ at the entrance of the undula-
tor, for the case the dechirper is retracted (a,c) and in-
serted (b,d). Bunch head is on the left. Phase space with
the dechirper retracted shows the design pretty uniform
beam size and beam divergence along the bunch. With
the dechirper inserted, however, there is a significant
beam divergence increase toward the bunch tail. The
beam size at the tail is also increased compared to when
the dechirper is retracted but the variation is smaller
than that in t-y′ phase space. The variation in phase
space may change depending on the initial Twiss param-
eters at the dechirper and betatron oscillation phase at
the observation location in the beamline. We calculated
the mismatch with respect to the design lattice Twiss for
different temporal slices, as is shown in Fig. 5. When the
dechirper is retracted, the projected Twiss parameters of
the bunch are matched to the design values. The bunch
head and tail are slightly mismatched due to collective
effects upstream of the dechirper. When the dechirper is
inserted, a progressive mismatch from the bunch head to
tail is introduced, which depends approximately quadrat-
ically on time, t, as is shown in Fig. 5(b). The mismatch
factors along the temporal slices remain constant during
transport. The introduced mismatch reaches a maximum
of about 8 at the bunch tail, which is slightly smaller than
the one calculated for an ideal flat-top current.

IV. FRESH-SLICE MATCHING

One direct application of the time-dependent mis-
match is to control the FEL pulse duration by adjusting
the electron bunch Twiss parameters at the dechirper
entrance or the dechirper gap. To enable more elab-
orate schemes such as two-color generation, it is nec-
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FIG. 5. Mismatch for different temporal slices with respect to
design Twiss when the dechirper is retracted (a) and inserted
(b). Bunch head is on the left.
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essary to provide flexible control of the matched posi-
tion along the bunch. A matching section consisting of
quadrupoles should be used. For a matching section with
Nq quadrupoles, the 4D mismatch Φs for a temporal slice
at the end of the matching section is a function of the
quadrupole strengths

Φs(k1, k2, k3, ..., kNq
) =

1

4
Trace

[
Σ−1d (MΣsM

T )
]
, (13)

where Σs is the Twiss matrix for the mismatched slice
and M is the transport matrix of the matching section.
The solution of Φs = 1 gives the quadrupole strength
combination that can match back the mismatched slice.

Many algorithms can be used to solve the matching
problem. In this study, we adopt a deterministic match-
ing algorithm [15]. In this method, a competing objective
function H against the mismatch Φs is defined via

H = ∆K = Σ
Nq

i=1

(
ki − ki0

)2
, (14)

where ki0 are the initial values of the quadrupole
strengths. The optimal tradeoff between Φs and H fol-
lows a one-dimensional tradeoff curve in the form of

∇Φs = λ∇H, (15)

∇H = µ∇Φs, (16)

where λ and µ are the Lagrange multipliers. Eq.(16) is
the conjugate form of Eq.(15) and µ = 1/λ. The tradeoff
curve connects the local optimal of Φs and H on both
ends. Starting with the initial condition of quadrupoles
corresponding to ∇H = 0, λ = −∞, µ = 0, one can use
a numerical integration algorithm to integrate along the
tradeoff curve until ∇Φs = 0, λ = 0, µ = −∞, where
the minimal of mismatch is achieved. The integration
starts from µ = 0 and continues until µ = −1, and then
switches to integrate λ from −1 to 0. With such an inte-
gration routine, an infinity of λ at the initial point and
of µ at the end point are avoided.

In the proposed two-color scheme, there are two match-
ing sections, each consisting of 4 quadrupoles. We use
the first matching section M1 to match the bunch tail
to the design values so that the bunch tail can lase at
the first color in U1. Then we use the second matching
section M2 to match the bunch head and enable lasing
at the second color in U2. Figure 6 shows the evolution
of the quadrupole strengths and parameters λ and µ via
integration along an implicit variable τ for M1 match-
ing. At the end of the integration where λ = 0, the
mismatched slice is matched again. Figure 7 shows the
tradeoff curve between mismatch Φs and rms deviation
of quadrupole strength H. By integrating using the de-
terministic method, the 4-quadrupole system moves from
the tail mismatched end to the tail matched end of the
tradeoff curve. Figure 6 also shows how the quadrupole
strengths can be smoothly tuned to match a slice. The
bunch slice mismatch before and after the two matching
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FIG. 6. Integration results showing the evolution of the
quadrupole strengths and Lagrange multipliers along the inte-
gration variable. The integration starts from µ = 0 to µ = −1
and then switches to integrate from λ = 1/µ = −1 to λ = 0.
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FIG. 7. Tradeoff curve between mismatch Φs and rms devi-
ation of quadrupole strength. By integrating using the de-
terministic method, the 4-quadrupole system moves from the
mismatched end to the matched end.

sections are shown in Fig. 8. The bunch tail is matched
after the first matching section and the bunch head is
matched back after the second matching section.

V. FEL SIMULATIONS

Using the electron bunch with bunch tail matched
while head mismatched (Fig. 8(b)), we performed GEN-
ESIS [22] simulations using the LCLS undulator line.
The two undulator sections consist of 7 and 8 undula-
tor segments, respectively. The undulator parameters of
the two sections are K1 = 3.45 and K2 = 3.50, which
correspond to radiation wavelengths of λ1 = 1.41 nm
and λ2 = 1.45 nm. The strength of the chicane is set to
R56 = 0 µm. There is no additional delay between the
two pulses in this setup, but due to the slippage effect and
lasing at different slices of the bunch, a time separation
appears.

Figure 9 shows the FEL pulse energy along undulator
position (a) and corresponding final spectra (b) for the
two-color pulses. The first color at 1.41 nm wavelength
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(d) After M2

FIG. 8. Slice mismatch before and after matching section M1 and M2. The bunch head is on the left. The bunch tail is
matched to the design lattice after M1 and bunch head is mismatched. The bunch head is matched back after M2.
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FIG. 9. FEL pulse energy vs. undulator position (a) and
corresponding final spectra (b) for the two-color pulses. The
first color at a wavelength of 1.41 nm reaches saturation after
7 undulator segments, with a pulse energy of 319 µJ . The
second color, at 1.45 nm wavelength reaches saturation after
8 undulator segments, with 383 µJ pulse energy.

reaches saturation after 7 undulator segments, with 319
µJ pulse energy. The second color at 1.45 nm wavelength
reaches saturation after 8 undulator segments, with 383
µJ pulse energy. Since there are still plenty of undula-
tor segments available in both undulator sections, undu-
lator tapering can be applied to obtain a higher pulse
energy. With the LCLS undulator, the wavelength sepa-
ration here is about 2.8%, which can be further increased
by imposing a proper energy chirp along electron bunch.
Larger wavelength separation can be reached with a vari-
able gap undulator.

Figure 10 shows the FEL power profile (a,b) and the
electron bunch’s longitudinal phase space (c,d) at the end
of the first (a,c) and second (b,d) undulator section. In
Fig. 10(a), the FEL pulse is located at the bunch tail,
with a peak power about 15 GW. Lasing from the bunch
head is suppressed due to the large beta beat introduced
by the mismatch. As is shown in Fig. 10(c), the energy
spread of the bunch tail is increased while the bunch
head remains fresh. After the matching section between

the two undulator sections, the bunch head is matched
while the bunch tail is mismatched. In the second undu-
lator section, the bunch head lases at the second color,
reaching the same level of peak power as the first color
pulse, as is shown in Fig. 10(b) and Fig. 10(d). For
both color pulses, the power level of the bunch center is
lower than that of the tail or head due to residual mis-
match in the bunch center. With the magnetic chicane
turned off, there is a time delay of about 45 fs (core to
core) between the two pulses. With the magnetic chicane
turned on, the time delay of the two-color pulses can be
controlled to a large extent or fully cancelled without af-
fecting the pulse duration and energy. The FWHM of the
pulse durations for the first and second color are approx-
imately 21 fs and 29 fs, respectively. The pulse duration
for the second color is longer than for the first color, as a
result of the quadratic shape of the mismatch along the
bunch. Comparing the FEL pulse duration with the mis-
match curves in Fig. 8(b) and (d), it can be inferred that
a mismatch value above 3 is required to suppress lasing
for the LCLS soft X-ray near 1.5 nm wavelength.

VI. DISCUSSION AND CONCLUSION

The matching section in the proposed scheme consists
of four dedicated matching quadrupoles. Extending the
matching section to five quadrupoles can be beneficial.
As an under-constrained system, the solution set of the
matching problem becomes a one-dimensional curve in
the space spanned by the quadrupole strengths, provid-
ing more solutions than the four-quadrupole configura-
tion. With one extra quadrupole, the matching section
will be able to match larger mismatch back, which helps
generate shorter pulse duration and provides more con-
trol of the lasing position. For example, it is possible
to lase at the bunch center while suppressing both the
bunch head and tail from lasing, hence making a three-
color configuration possible. For the LCLS, there is an
additional quadrupole between the horizontal dechirper
and the first four-quadrupole matching section, making
the five-quadrupole configuration easy to achieve. As for
the second matching section, the extra quadrupole can be
the quadrupole between the last bending magnet of the
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FIG. 10. FEL power profile (a,b) and electron bunch longitudinal phase space (c,d) at the end of the first (a,c) and second
(b,d) undulator section. The bunch head is on the left.

chicane and the next undulator segments. Unlike other
matching algorithms that usually converge to only one
solution, the deterministic matching algorithm we used
in this study can find the entire one-dimensional family
of solutions in a single run.

The matching method relies on the knowledge of the
Twiss parameters of the different temporal slices. Prac-
tically, measuring the slice Twiss parameters is challeng-
ing, due to the lack of a high-resolution slice emittance
measurement capability. However, the projected Twiss
parameters can be readily measured with wire scanners
existing at several locations in the beamline. Propagat-
ing the measured Twiss parameters from a wire scan-
ner to the dechirper entrance, one can then use either
a flat-top current model or the measured current profile
to calculate the slice Twiss parameters and mismatch.
Solving the matching problem for the mismatched target
slice gives the quadrupole solution, which would bring
the largely mismatched slice close to being matched.

Although the simulation here is for soft X-rays, the
proposed method can also be used in the hard X-ray
regime. The required mismatch to suppress lasing would
be smaller for hard X-rays, but it is also harder to gener-
ate and to match back a large mismatch operating at
higher beam energy with given maximum quadrupole
strength. Hard X-ray, two-color pulse generation also re-
quires a longer undulator length to reach saturation for
each pulse.

In summary, we have formulated and studied in de-

tail a scheme for generating two-color X-ray pulses using
the time-dependent focusing effect of the dechirper. The
time-dependent mismatch generated by the dechirper can
be manipulated by matching sections. Taking the LCLS
parameters as an example, we show that two-color pulses
at 1.41 nm and 1.45 nm, with independently adjustable
delay and pulse duration, can be generated. The scheme
takes full advantage of the split undulator-based, two-
color FEL configuration and further increases the FEL
power by an effective suppression of unintended lasing.
The electron bunch traverses the dechirper on-axis and
no dipole kick is introduced, thus avoiding distortion to
the beam orbit in the transport system as well as in the
undulator, and allowing the method to be applied in high
repetition-rate XFELs. Other advanced applications uti-
lizing such a matching-based method may include the
amplification of a seed pulse in a self-seeding scheme [23],
X-ray pulse duration control, seeding a helical undulator
for polarization control [24] and so on. Experimental
studies have been planned at the LCLS.
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