»

research papers

JOURNAL OF
SYNCHROTRON
RADIATION

Synchrotron

ISSN 1600-5775

Received 19 July 2024
Accepted 13 December 2024

Edited by M. Yamamoto, RIKEN SPring-8
Center, Japan

Keywords: free-electron laser facility;
longitudinal source point drift;
energy-resolving power; Cg value
compensation.

Source drift (m)

500 1000 1500 2000
Photon energy (eV)

OPEN @& ACCESS

Published under a CC BY 4.0 licence

Compensation for the source drift of a free-electron
laser beamline by adjusting the fixed-focus constant

of the grating monochromator

Chaofan Xue,*P* Lian Xue,*® Yong Wang®"* and Renzhong Tai*"

2Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210, People’s Republic of China,
and ®Shanghai Synchrotron Radiation Facility, Shanghai 201204, People’s Republic of China. *Correspondence e-mail:

xuecf@sari.ac.cn, wangyong@sari.ac.cn

For large-scale free-electron laser facilities based on linear accelerators, the laser
saturation point is not frequently fixed in the undulator, which will cause a
longitudinal source point drift of the beamline. The longitudinal source point
drift will cause an instability in the performance of the beamline, especially
affecting the energy-resolving power of variable-line-spacing grating mono-
chromators for soft X-ray beamlines. A method of adjusting the fixed-focus
constant to compensate for this longitudinal source point drift is introduced in
this work. Simulation results indicate that this method can effectively recover

the energy-resolving power of the grating monochromator.

1. Introduction

Due to many unique properties, such as transversely coherent
and ultrashort-pulsed sources, high brightness and peak
power, tunable wavelengths and wide spectral range (Saldin et
al., 1995; Tiedtke et al., 2004; Amann et al., 2012; Togashi et al.,
2013; McNeil & Thompson, 2010), electron linac accelerator-
based free-electron laser (FEL) sources have been widely
used in a variety of basic scientific research fields, including
condensed matter physics, advanced materials and surface
physics, atomic and molecular physics, chemistry and biology.
Driven by scientific requirements, several FEL facilities
(Ackermann et al., 2007; Emma et al., 2010; Ishikawa et al.,
2012; Allaria et al., 2012; Kang et al., 2017; Prat et al., 2020;
Decking et al., 2020), from low repetition rate to high repeti-
tion rate, have been built or are under construction worldwide
to meet the needs of scientists for ultra-high-brightness and
ultra-short-pulse sources.

In a FEL facility, several or dozens of undulators are
frequently required to saturate the FEL. This means that the
electron beam needs to travel several tens or hundreds of
meters after entering the undulator. Generally speaking, the
saturation point of the FEL serves as the source point of the
beamline because the beam size and divergence angle no
longer change intensely after the FEL reaches saturation.
Regrettably, the saturation point positions in the undulator
section do not remain at the same position for different
photon energies. The different saturation point’s position
means a variable source point position for the beamline, which
is not good news for the scientific instruments because a
variable source point position will affect the focusing spot and
energy resolution. To compensate for an unfixed source point
position, both accelerators and beamlines can provide their
own solutions. From the accelerator side, a feasible solution is
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that the gap of upstream undulators can be opened to keep the
saturation point of the laser in a designed position for the
beamline, which requires several or more undulators to move
simultaneously. For different photon energies, there is a
variation in the number of undulators that need to be opened.
High requirements have been put forward for mechanical
motion, motion control and parameter adjustment of the
accelerator. From the beamline side, if the photon beam is
directly focused by the Kirkpatrick-Baez (KB) mirrors
without passing through the monochromator, the longitudinal
source point drift can be compensated to a certain extent
through the bending mechanism of the KB system. However,
compensating for longitudinal source point drift through a
bending mechanism is a challenge for the monochromator.

In this work, a method of compensating for longitudinal
source point drift by adjusting the parameters of the grating
monochromator is introduced. By fine-tuning the fixed-focus
constant (Cy) of the grating, compensation for longitudinal
source point drift can be effectively achieved, while main-
taining the energy-resolving power of the grating mono-
chromator.

2. Optimization method

In a variable-included-angle plane-grating monochromator, a
plane mirror is used in front of the diffraction grating to
provide the variable-included-angle capability (Petersen,
1982). The fixed-focus constant (the so-called Cy value) is the
core parameter of a grating monochromator and is defined as

¢ = cos f/ cosa, a> >0, (1)

where « is the angle of normal incidence in the grating and S is
the angle of diffraction. The focal distance is at a fixed distance
if Cy is kept constant. When the non-parallel illumination
condition on the grating is replaced by the parallel illumina-
tion condition, the Cy value can be changed without moving
the exit slit (Follath & Senf, 1997). Therefore, the mono-
chromator could be optimized for grating efficiency or rejec-
tion of harmonics. Due to its wide energy coverage range and
flexible operation mode, the variable-included-angle plane-
grating monochromator (VIA-PGM) is widely used in soft
X-ray beamlines (Flechsig et al., 2004; Warwick et al., 2004;
Xue et al., 2010). Regretfully, a concave mirror is required
downstream of the grating to focus the dispersed beam at the
exit slit for both illumination conditions. These re-focusing
mirrors will increase the aberration of the optical system and
lead to a decrease in the energy-resolving power of the PGM.
With the development of grating processing technology,
variable-line-spacing (VLS) gratings are being increasingly
adopted in the PGM design due to their aberration correction
function (Reininger & Castro, 2005; Xue et al., 2014; Xue et
al., 2019).

For a VLS grating, the line spacing d is a function of posi-
tion w in the dispersive direction. The function can be
expanded as a power series of w, namely

d(w) = do(1 + byw + byw? +bw® +..), @

where d, is the line spacing at the center of the grating, and b,,
bz and b, are the space-variation parameters. The defocus
term (F,p) and the coma term (F3p) in an optical path function
can be eliminated by choosing an appropriate linear coeffi-
cient term b, and quadratic term b3, respectively, according to

cos’a  cos’B\ cosa+cosp mh
Fy = ( + ) - —b,—, )
I8 r, R d,
sinacos’a  sin Bcos’ B
Fy = ( 2 + 2 ) “)
r n
1 (sinacosa sinfBcosf 2,5 mA
— “02 — b)),
R < 7 + T, > + 3 ( 2 3) d,

where m is the diffraction order, « is the incidence angle, B is
the diffraction angle, r; is the objective distance, r, is the
imaging distance and R is the grating radius (for a plane
grating, R — 00). When F,; = 0, the focusing condition is
satisfied.

Usually, the operating conditions for an optimized grating
will not be changed because the grating parameters have
already been determined and can no longer be changed once
the processing is finished. On the other hand, this means that
the grating can no longer function properly under the
designed parameters when the operating conditions change.
Starting from the focusing equation and taking a plane grating
as an example, we attempt to find a compensation method that
can guarantee the performance of the grating when the
operating conditions change. Moving the exit slit in a beamline
is not an optimal solution because the source position of the
downstream focusing mirrors will change. Once the grating
processing is finished, the b, coefficient of the grating will be
determined and can no longer be altered, as previously
mentioned. Fortunately, for an incident beam at a certain
wavelength under a fixed diffraction order, it is possible to
compensate for the changes in the source point by adjusting
the incident angle of the grating. It is essential that the inci-
dent angle of the grating at this time meets both the grating
equation and the focusing equation simultaneously. Therefore,
by combining the grating equation with the focusing equation,
we can obtain

sina =
172
rymi o 4y (ry + ry) ryrybyma mh
Hntn) —————————rn|—
d 1+ 7 4 12\,

/(r1 +1,). (5)

This means that, for an incident beam at a certain wavelength
under a fixed diffraction order, when the image distance and
the b, coefficient of the grating are determined, different
grating distances correspond to different grating incidence
angles. The change in grating object distance can be
compensated by adjusting the Cy value of the grating.

A 200 lines mm ™! grating is taken as an example to verify
the feasibility of the compensation method. The object
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Table 1
Basic parameters of the grating.

Object distance Imaging distance Line density

b, coefficient

b3 coefficient Optimized Cy

200 m 95 m 200 lines mm ™"

458783 x 107> mm ™"

1.56696 x 10~° mm > 1.5 @ 900 eV

Cee

1.524

1519

1.513

1.508

1.503

1.498

Source drift (m)

1.492

1.487

1.482

1000

1500 2000

Figure 1 Photon energy (eV)

Compensated Cy value under different source drift levels. The dashed
line represents the initial designed Cy; value as shown in the insert figure.

distance and imaging distance of the grating are 200 m and
95 m, respectively. The initial designed Cy value is 1.5 opti-
mized at 900 eV. The basic parameters of the grating are
summarized in Table 1. The Cy values of the compensated
grating operation are shown in Fig. 1, considering the different
levels of source drift. In the case of a source drift of £30 m
(£15% of the designed grating object distance), the change in
Cye value is only less than £3%. Such a small C¢; value change
can be achieved for a PGM, making it feasible to compensate
for the source point drift by adjusting the Cy value of the
PGM.

Compensating for Cy values is the key to regaining the
energy-resolving power of the grating monochromator. Fig. 2

—u—900eV
*400eV

Designed

resolving power (E/AE)
E
S

n
—
o
=)
S
S

T

1 0000 1 1 1 1 1 1 1
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Figure 2 Source drift (m)

Compensated energy-resolving power of the grating monochromator
under different source drift conditions

shows the energy-resolving power of the grating mono-
chromator after compensating for Cg values under different
source drift conditions. The energy-resolving power calculated
in this study is mainly determined by six factors: exit slit size,
meridian slope errors of the grating and pre-mirror, aberra-
tions from the defocus and the coma, and the grating
diffraction limit. High-order aberrations (smaller than F3) are
small and negligible. The energy-resolving power is defined as
the inverse of the energy resolution. Their contributions to the
energy resolution AE are as follows,

exit slit size:

d E
AE, = sd cosa
mAr,
meridian slope errors of grating:

2.35do, E
= & (cosa + cos f),

& m
meridian slope errors of mirror:

AE, = 4.7doy, cos BE

AE

El

mA
aberration from defocus:

2dF,)WE
AE), = ———,
mA
aberration from coma:
3dF,\W?E
AE, =—"2"——,
2mA
diffraction limit:
AE,. = !
lim — mN ’

and

)

AE‘total = (AEex + AEgr + AEfo + AEde + AEco + AE‘lim)l/2
where s is the exit slit size, oy, and oy, are meridian RMS slope
errors of the grating and the pre-mirror, respectively, W is the
half-width of the ruled area of the grating, and N is the number
of coherently illuminated grating grooves. The source-limited
contribution is no longer relevant here since an FEL source
produces transversely coherent radiation. The energy-resol-
ving power is evaluated at two photon energies, 900 eV and
400 eV, where 900 eV is the initial optimized energy value for
the Cy value as shown in Table 1. It can be seen from Fig. 2
that the energy-resolving power of the PGM varies with the
different source point positions after Cy; value compensation.
When the grating object distance increases, the energy-resol-
ving power increases, while conversely the energy-resolving
power decreases. And the trend of change is consistent for
both energy points. This is mainly because the compression
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Ray-tracing results of energy-resolving power of the grating monochromator before and after Cy value compensation under different source point drifts

at 900 eV photon energy.

ratio of the grating changes with the source point position.
When the grating image distance is fixed, a larger grating
object distance helps to obtain smaller focused spots at the
exit slit, thereby improving the energy-resolving power of the
PGM. Although the variation in Cy value can also cause a
change in energy-resolving power, in this case the function of
slight changes in Cy is to recover the focusing ability of the
VLS grating. The increase or decrease in energy-resolving
power is mainly dominated by the grating compression ratio.

3. Simulations

To verify the compensation effect, some simulations were
conducted to evaluate the energy-resolving power of the
PGM. The simulation of the beam propagation is carried out
with MOI code developed by Shanghai Synchrotron Radia-
tion Facility (Meng et al., 2015; Meng et al., 2017; Ren et al.,
2019; Ren et al., 2020). The model is based on statistical optics
for numerical analysis of partial coherent X-rays and has
already been applied in the beamline design and analysis of
coherent light propagation in both synchrotron (Xue et al.,
2018) and FEL facilities (Xue et al., 2024) successfully.

Fig. 3 shows ray-tracing results of the energy-resolving
power of the grating monochromator before and after Cg
value compensation under different source point drifts at
900 eV photon energy. In this simulation, several cases
including source point drifts of =10 m, £15 m and 20 m are
taken as examples and all of the simulations are based on an
energy-resolving power of 15000 (E/AE) which is the design
value of the grating monochromators.

Even without Cy value compensation, the PGM has a
certain tolerance for source point drift that the two energies
can still be resolved when the source point drifts by 10 m.
However, when the drift of the source point is greater than
+15 m, the two energies can no longer be resolved. Fortu-
nately, the energy-resolving power of the PGM can be
recovered with Cy value compensation. Even in the case of
420 m source drift, the two energies can be still resolved well
after the Cy compensation. Through simulation calculations, it
can be seen that the method of adjusting the Cy value can
effectively compensate for the impact of source point drift on
the energy-resolving power of grating monochromators.

4. Conclusions

In this work, a method of adjusting the Cy value is introduced
to compensate for source point drift for soft X-ray beamlines
in linear-accelerator-based large-scale FEL facilities. This
method can effectively compensate for the impact of source
drift on the energy-resolving power of a grating mono-
chromator. The simulation results have demonstrated the fine
compensation effect of this method.

Funding information

The following funding is acknowledged: National Key
Research and Development Program of China (grant No.
2021YFA1601003).

References

Ackermann, W., Asova, G., Ayvazyan, V., Azima, A., Baboi, N., Béhr,
J., Balandin, V., Beutner, B, Brandt, A., Bolzmann, A., Brinkmann,
R., Brovko, O. 1., Castellano, M., Castro, P, Catani, L., Chiadroni,
E., Choroba, S., Cianchi, A., Costello, J. T., Cubaynes, D., Dardis, J.,
Decking, W., Delsim-Hashemi, H., Delserieys, A., Di Pirro, G,
Dohlus, M., Diisterer, S., Eckhardt, A., Edwards, H. T., Faatz, B.,
Feldhaus, J., Flottmann, K., Frisch, J., Frohlich, L., Garvey, T,
Gensch, U., Gerth, Ch., Gorler, M., Golubeva, N., Grabosch, H.,
Grecki, M., Grimm, O., Hacker, K., Hahn, U., Han, J. H., Honka-
vaara, K., Hott, T., Hiining, M., Ivanisenko, Y., Jaeschke, E.,
Jalmuzna, W., Jezynski, T., Kammering, R., Katalev, V., Kavanagh,
K., Kennedy, E. T., Khodyachykh, S., Klose, K., Kocharyan, V.,
Korfer, M., Kollewe, M., Koprek, W., Korepanov, S., Kostin, D.,
Krassilnikov, M., Kube, G., Kuhlmann, M., Lewis, C. L. S, Lilje, L.,
Limberg, T., Lipka, D., Lohl, F, Luna, H., Luong, M., Martins, M.,
Meyer, M., Michelato, P, Miltchev, V., Moller, W. D., Monaco, L.,
Miiller, W. F. O., Napieralski, O., Napoly, O., Nicolosi, P, Nolle, D.,
Nuiiez, T., Oppelt, A., Pagani, C., Paparella, R., Pchalek, N,
Pedregosa-Gutierrez, J., Petersen, B., Petrosyan, B., Petrosyan, G,
Petrosyan, L., Pfliiger, J., Plonjes, E., Poletto, L., Pozniak, K., Prat,
E., Proch, D., Pucyk, P, Radcliffe, P, Redlin, H., Rehlich, K.,
Richter, M., Roehrs, M., Roensch, J., Romaniuk, R., Ross, M.,
Rossbach, J., Rybnikov, V., Sachwitz, M., Saldin, E. L., Sandner, W.,
Schlarb, H., Schmidt, B., Schmitz, M., Schmiiser, P., Schneider, J. R.,
Schneidmiller, E. A., Schnepp, S., Schreiber, S., Seidel, M., Sertore,
D., Shabunov, A. V., Simon, C., Simrock, S., Sombrowski, E.,
Sorokin, A. A., Spanknebel, P, Spesyvtsev, R., Staykov, L., Steffen,
B., Stephan, F, Stulle, F., Thom, H., Tiedtke, K., Tischer, M.,
Toleikis, S., Treusch, R., Trines, D., Tsakov, 1., Vogel, E., Weiland, T.,

4 of 6

Xue, Xue, Wang and Tai + Compensation for FEL source drift

J. Synchrotron Rad. (2025). 32


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1

research papers

Weise, H., Wellhofer, M., Wendt, M., Will, 1., Winter, A., Witten-
burg, K., Wurth, W., Yeates, P., Yurkov, M. V., Zagorodnov, 1. &
Zapfe, K. (2007). Nat. Photon. 1, 336-342.

Allaria, E., Appio, R., Badano, L., Barletta, W. A., Bassanese, S.,
Biedron, S. G., Borga, A., Busetto, E., Castronovo, D., Cinque-
grana, P, Cleva, S., Cocco, D., Cornacchia, M., Craievich, P, Cudin,
1., D’Auria, G., Dal Forno, M., Danailov, M. B., De Monte, R., De
Ninno, G., Delgiusto, P., Demidovich, A., Di Mitri, S., Diviacco, B.,
Fabris, A., Fabris, R., Fawley, W., Ferianis, M., Ferrari, E., Ferry, S.,
Froehlich, L., Furlan, P, Gaio, G., Gelmetti, F., Giannessi, L.,
Giannini, M., Gobessi, R., Ivanov, R., Karantzoulis, E., Lonza, M.,
Lutman, A., Mahieu, B., Milloch, M., Milton, S. V., Musardo, M.,
Nikolov, 1., Noe, S., Parmigiani, F., Penco, G., Petronio, M., Pivetta,
L., Predonzani, M., Rossi, F., Rumiz, L., Salom, A., Scafuri, C.,
Serpico, C., Sigalotti, P., Spampinati, S., Spezzani, C., Svandrlik, M.,
Svetina, C., Tazzari, S., Trovo, M., Umer, R., Vascotto, A., Veronese,
M., Visintini, R., Zaccaria, M., Zangrando, D. & Zangrando, M.
(2012). Nat. Photon. 6, 699-704.

Amann, J., Berg, W., Blank, V., Decker, E-J., Ding, Y., Emma, P,
Feng, Y., Frisch, J., Fritz, D., Hastings, J., Huang, Z., Krzywinski, J.,
Lindberg, R., Loos, H., Lutman, A., Nuhn, H.-D., Ratner, D,
Rzepiela, J., Shu, D., Shvyd’ko, Yu., Spampinati, S., Stoupin, S.,
Terentyev, S., Trakhtenberg, E., Walz, D., Welch, J., Wu, J., Zholents,
A. & Zhu, D. (2012). Nat. Photon. 6, 693-698.

Decking, W., Abeghyan, S., Abramian, P., Abramsky, A., Aguirre, A.,
Albrecht, C., Alou, P, Altarelli, M., Altmann, P, Amyan, K,
Anashin, V., Apostolov, E., Appel, K., Auguste, D., Ayvazyan, V.,
Baark, S., Babies, F., Baboi, N., Bak, P, Balandin, V., Baldinger, R.,
Baranasic, B., Barbanotti, S., Belikov, O., Belokurov, V., Belova, L.,
Belyakov, V., Berry, S., Bertucci, M., Beutner, B., Block, A,
Blocher, M., Bockmann, T., Bohm, C., Bohnert, M., Bondar, V.,
Bondarchuk, E., Bonezzi, M., Borowiec, P., Bosch, C., Bosenberg,
U., Bosotti, A., Bospflug, R., Bousonville, M., Boyd, E., Bozhko, Y.,
Brand, A., Branlard, J., Briechle, S., Brinker, F., Brinker, S.,
Brinkmann, R., Brockhauser, S., Brovko, O., Briick, H., Briidgam,
A., Butkowski, L., Biittner, T., Calero, J.,, Castro-Carballo, E.,
Cattalanotto, G., Charrier, J., Chen, J., Cherepenko, A., Cheskidov,
V., Chiodini, M., Chong, A., Choroba, S., Chorowski, M., Churanov,
D., Cichalewski, W., Clausen, M., Clement, W., Cloué, C., Cobos, J.
A., Coppola, N., Cunis, S., Czuba, K., Czwalinna, M., D’Almagne,
B., Dammann, J., Danared, H., de Zubiaurre Wagner, A., Delfs, A.,
Delfs, T., Dietrich, F., Dietrich, T., Dohlus, M., Dommach, M.,
Donat, A., Dong, X., Doynikov, N., Dressel, M., Duda, M., Duda, P,
Eckoldt, H., Ehsan, W., Eidam, J., Eints, F., Engling, C., Englisch,
U., Ermakov, A., Escherich, K., Eschke, J., Saldin, E., Faesing, M.,
Fallou, A., Felber, M., Fenner, M., Fernandes, B., Fernandez, J. M.,
Feuker, S., Filippakopoulos, K., Floettmann, K., Fogel, V., Fontaine,
M., Francés, A., Martin, 1. F., Freund, W., Freyermuth, T., Friedland,
M., Frohlich, L., Fusetti, M., Fydrych, J., Gallas, A., Garcia, O,
Garcia-Tabares, L., Geloni, G., Gerasimova, N., Gerth, C., GeBler,
P, Gharibyan, V., Gloor, M., Glowinkowski, J., Goessel, A., Gote-
biewski, Z., Golubeva, N., Grabowski, W., Graeff, W., Grebentsov,
A., Grecki, M., Grevsmuehl, T., Gross, M., Grosse-Wortmann, U.,
Griinert, J., Grunewald, S., Grzegory, P, Feng, G., Guler, H., Guseyv,
G., Gutierrez, J. L., Hagge, L., Hamberg, M., Hanneken, R., Harms,
E., Hartl, 1., Hauberg, A., Hauf, S., Hauschildt, J., Hauser, J.,
Havlicek, J., Hedqvist, A., Heidbrook, N., Hellberg, F., Henning, D.,
Hensler, O., Hermann, T., Hidvégi, A., Hierholzer, M., Hintz, H.,
Hoffmann, F., Hoffmann, M., Hoffmann, M., Holler, Y., Hiining,
M., Ignatenko, A., Ilchen, M., Iluk, A., Iversen, J., Iversen, J,
Izquierdo, M., Jachmann, L., Jardon, N., Jastrow, U., Jensch, K.,
Jensen, J., Jezabek, M., Jidda, M., Jin, H., Johansson, N., Jonas, R.,
Kaabi, W., Kaefer, D., Kammering, R., Kapitza, H., Karabekyan, S.,
Karstensen, S., Kasprzak, K., Katalev, V., Keese, D., Keil, B,
Kholopov, M., Killenberger, M., Kitaev, B., Klimchenko, Y., Klos,
R., Knebel, L., Koch, A., Koepke, M., Kohler, S., Kohler, W.,
Kohlstrunk, N., Konopkova, Z., Konstantinov, A., Kook, W,
Koprek, W., Korfer, M., Korth, O., Kosarev, A., Kosinski, K.,

Kostin, D., Kot, Y., Kotarba, A., Kozak, T., Kozak, V., Kramert, R.,
Krasilnikov, M., Krasnov, A., Krause, B., Kravchuk, L., Krebs, O.,
Kretschmer, R., Kreutzkamp, J., Kroplin, O., Krzysik, K., Kube, G.,
Kuehn, H., Kujala, N., Kulikov, V., Kuzminych, V., La Civita, D,
Lacroix, M., Lamb, T., Lancetov, A., Larsson, M., Le Pinvidic, D.,
Lederer, S., Lensch, T., Lenz, D., Leuschner, A., Levenhagen, F., Li,
Y., Liebing, J.,, Lilje, L., Limberg, T., Lipka, D., List, B., Liu, J., Liu,
S., Lorbeer, B., Lorkiewicz, J., Lu, H. H., Ludwig, F., Machau, K.,
Maciocha, W., Madec, C., Magueur, C., Maiano, C., Maksimova, 1.,
Malcher, K., Maltezopoulos, T., Mamoshkina, E., Manschwetus, B.,
Marcellini, F., Marinkovic, G., Martinez, T., Martirosyan, H.,
Maschmann, W., Maslov, M., Matheisen, A., Mavric, U., Meifiner, J.,
Meissner, K., Messerschmidt, M., Meyners, N., Michalski, G,
Michelato, P, Mildner, N., Moe, M., Moglia, E., Mohr, C., Mohr, S,,
Moller, W., Mommerz, M., Monaco, L., Montiel, C., Moretti, M.,
Morozov, 1., Morozov, P, Mross, D., Mueller, J., Miiller, C., Miiller,
J., Miiller, K., Munilla, J., Miinnich, A., Muratov, V., Napoly, O,
Niser, B., Nefedov, N., Neumann, R., Neumann, R., Ngada, N.,
Noelle, D., Obier, F., Okuney, I, Oliver, J. A., Omet, M., Oppelt, A.,
Ottmar, A., Oublaid, M., Pagani, C., Paparella, R., Paramonoyv, V.,
Peitzmann, C., Penning, J., Perus, A., Peters, F., Petersen, B., Petrov,
A., Petrov, L., Pfeiffer, S., Pfliiger, J., Philipp, S., Pienaud, Y., Pierini,
P, Pivovarov, S., Planas, M., Plawski, E., Pohl, M., Polinski, J.,
Popov, V., Prat, S., Prenting, J., Priebe, G., Pryschelski, H., Przy-
goda, K., Pyata, E., Racky, B., Rathjen, A., Ratuschni, W,
Regnaud-Campderros, S., Rehlich, K., Reschke, D., Robson, C.,
Roever, J., Roggli, M., Rothenburg, J., Rusiniski, E., Rybaniec, R.,
Sahling, H., Salmani, M., Samoylova, L., Sanzone, D., Saretzki, F.,
Sawlanski, O., Schaffran, J., Schlarb, H., Schlosser, M., Schlott, V.,
Schmidt, C., Schmidt-Foehre, F., Schmitz, M., Schmokel, M.,
Schnautz, T., Schneidmiller, E., Scholz, M., Schoneburg, B,
Schultze, J., Schulz, C., Schwarz, A., Sekutowicz, J., Sellmann, D.,
Semenov, E., Serkez, S., Sertore, D., Shehzad, N., Shemarykin, P,
Shi, L., Sienkiewicz, M., Sikora, D., Sikorski, M., Silenzi, A., Simon,
C., Singer, W., Singer, X., Sinn, H., Sinram, K., Skvorodnev, N.,
Smirnow, P, Sommer, T., Sorokin, A., Stadler, M., Steckel, M.,
Steffen, B., Steinhau-Kiihl, N., Stephan, F., Stodulski, M., Stolper,
M., Sulimov, A., Susen, R., éwierblewski, J., Sydlo, C., Syresin, E.,
Sytchev, V., Szuba, J., Tesch, N., Thie, J., Thiebault, A., Tiedtke, K.,
Tischhauser, D., Tolkiehn, J., Tomin, S., Tonisch, F., Toral, F., Torbin,
I, Trapp, A., Treyer, D., Trowitzsch, G., Trublet, T., Tschentscher,
T., Ullrich, E, Vannoni, M., Varela, P, Varghese, G., Vashchenko,
G., Vasic, M., Vazquez-Velez, C., Verguet, A., Vilcins-Czvitkovits,
S., Villanueva, R., Visentin, B., Viti, M., Vogel, E., Volobueyv, E.,
Wagner, R., Walker, N., Wamsat, T., Weddig, H., Weichert, G,
Weise, H., Wenndorf, R., Werner, M., Wichmann, R., Wiebers, C.,
Wiencek, M., Wilksen, T., Will, 1., Winkelmann, L., Winkowski, M.,
Wittenburg, K., Witzig, A., WIk, P., Wohlenberg, T., Wojciechowski,
M., Wolff-Fabris, F., Wrochna, G., Wrona, K., Yakopov, M., Yang,
B., Yang, F,, Yurkov, M., Zagorodnov, 1., Zalden, P.,, Zavadtsev, A.,
Zavadtsev, D., Zhirnov, A., Zhukov, A., Ziemann, V., Zolotov, A.,
Zolotukhina, N., Zummack, F. & Zybin, D. (2020). Nat. Photon. 14,
391-397.

Emma, P, Akre, R., Arthur, J., Bionta, R., Bostedt, C., Bozek, J.,

Brachmann, A., Bucksbaum, P, Coffee, R., Decker, F.-J., Ding, Y.,
Dowell, D., Edstrom, S., Fisher, A., Frisch, J., Gilevich, S., Hastings,
J., Hays, G., Hering, Ph., Huang, Z., Iverson, R., Loos, H.,,
Messerschmidt, M., Miahnahri, A., Moeller, S., Nuhn, H.-D., Pile,
G., Ratner, D., Rzepiela, J., Schultz, D., Smith, T., Stefan, P,
Tompkins, H., Turner, J., Welch, J., White, W., Wu, J., Yocky, G. &
Galayda, J. (2010). Nat. Photon. 4, 641-647.

Flechsig, U., Patthey, L. & Schmidt, T. (2004). AIP Conf. Proc. 705,

316-3109.

Follath, R. & Senf, F. (1997). Nucl. Instrum. Methods Phys. Res. A,

390, 388-394.

Ishikawa, T., Aoyagi, H., Asaka, T., Asano, Y., Azumi, N., Bizen, T.,

Ego, H., Fukami, K., Fukui, T., Furukawa, Y., Goto, S., Hanaki, H.,
Hara, T., Hasegawa, T., Hatsui, T., Higashiya, A., Hirono, T,

J. Synchrotron Rad. (2025). 32

Xue, Xue, Wang and Tai

5o0f 6

« Compensation for FEL source drift


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB18
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB18
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21

research papers

Hosoda, N., Ishii, M., Inagaki, T., Inubushi, Y., Itoga, T., Joti, Y.,
Kago, M., Kameshima, T., Kimura, H., Kirihara, Y., Kiyomichi, A.,
Kobayashi, T., Kondo, C., Kudo, T., Maesaka, H., Maréchal, X. M.,
Masuda, T., Matsubara, S., Matsumoto, T., Matsushita, T., Matsui,
S., Nagasono, M., Nariyama, N., Ohashi, H., Ohata, T., Ohshima, T,
Ono, S., Otake, Y., Saji, C., Sakurai, T., Sato, T., Sawada, K., Seike,
T., Shirasawa, K., Sugimoto, T., Suzuki, S., Takahashi, S., Takebe,
H., Takeshita, K., Tamasaku, K., Tanaka, H., Tanaka, R., Tanaka, T.,
Togashi, T., Togawa, K., Tokuhisa, A., Tomizawa, H., Tono, K., Wu,
S., Yabashi, M., Yamaga, M., Yamashita, A., Yanagida, K., Zhang,
C., Shintake, T., Kitamura, H. & Kumagai, N. (2012). Nat. Photon. 6,

Kalt, R., Keil, B., Kiselev, D., Kittel, C., Knopp, G., Koprek, W.,
Laznovsky, M., Lemke, H. T., Sancho, D. L., Lohl, F., Malyzhenkoyv,
A., Mancini, G. F,, Mankowsky, R., Marcellini, F., Marinkovic, G,,
Martiel, 1., Mérki, F., Milne, C. J., Mozzanica, A., Nass, K., Orlandi,
G. L., Loch, C. O,, Paraliev, M., Patterson, B., Patthey, L., Pedrini,
B., Pedrozzi, M., Pradervand, C., Radi, P, Raguin, J., Redford, S.,
Rehanek, J., Reiche, S., Rivkin, L., Romann, A., Sala, L., Sander,
M., Schietinger, T., Schilcher, T., Schlott, V., Schmidt, T., Seidel, M.,
Stadler, M., Stingelin, L., Svetina, C., Treyer, D. M., Trisorio, A.,
Vicario, C., Voulot, D., Wrulich, A., Zerdane, S. & Zimoch, E.
(2020). Nat. Photon. 14, 748-754.

540-544.

Kang, H., Min, C., Heo, H., Kim, C., Yang, H., Kim, G., Nam, 1., Baek,
S. Y., Choi, H., Mun, G., Park, B. R., Suh, Y. J,, Shin, D. C., Hu, J.,
Hong, J., Jung, S., Kim, S., Kim, K., Na, D., Park, S. S., Park, Y. J,
Han, J., Jung, Y. G, Jeong, S. H., Lee, H. G, Lee, S., Lee, S., Lee, W,
Oh, B, Suh, H. S,, Parc, Y. W,, Park, S., Kim, M. H., Jung, N., Kim,
Y., Lee, M., Lee, B., Sung, C., Mok, 1., Yang, J., Lee, C., Shin, H.,
Kim, J. H., Kim, Y., Lee, J. H., Park, S., Kim, J., Park, J., Eom, I.,
Rah, S., Kim, S., Nam, K. H., Park, J., Park, J., Kim, S., Kwon, S.,
Park, S. H., Kim, K. S., Hyun, H., Kim, S. N,, Kim, S., Hwang, S.,
Kim, M. J., Lim, C., Yu, C, Kim, B., Kang, T., Kim, K., Kim, S., Lee,
H., Lee, H., Park, K., Koo, T., Kim, D. & Ko, I. S. (2017). Nat.
Photon. 11, 708-713.

McNeil, B. W. J. & Thompson, N. R. (2010). Nat. Photon. 4, 814-821.

Meng, X., Shi, X., Wang, Y., Reininger, R., Assoufid, L. & Tai, R.
(2017). J. Synchrotron Rad. 24, 954-962.

Meng, X., Xue, C., Yu, H., Wang, Y., Wu, Y. & Tai, R. (2015). Opt.
Express, 23, 29675-29686.

Petersen, H. (1982). Opt. Commun. 40, 402-406.

Prat, E., Abela, R., Aiba, M., Alarcon, A., Alex, J., Arbelo, Y., Arrell,
C., Arsov, V., Bacellar, C., Beard, C., Beaud, P., Bettoni, S., Biffiger,
R., Bopp, M., Braun, H., Calvi, M., Cassar, A., Celcer, T., Chergui,
M., Chevtsov, P, Cirelli, C., Citterio, A., Craievich, P., Divall, M. C.,
Dax, A., Dehler, M., Deng, Y., Dietrich, A., Dijkstal, P, Dinapoli,
R., Dordevic, S., Ebner, S., Engeler, D., Erny, C., Esposito, V.,
Ferrari, E., Flechsig, U., Follath, R., Frei, F., Ganter, R., Garvey, T.,
Geng, Z., Gobbo, A., Gough, C., Hauff, A., Hauri, C. P, Hiller, N,
Hunziker, S., Huppert, M., Ingold, G., Ischebeck, R., Janousch, M.,
Johnson, P. J. M., Johnson, S. L., Jurani¢, P., Jurcevic, M., Kaiser, M.,

Reininger, R. & de Castro, A. R. B. (2005). Nucl. Instrum. Methods
Phys. Res. A, 538, 760-770.

Ren, J., Meng, X., Wang, Y., Cao, J., Li, J. & Tai, R. (2020). J.
Synchrotron Rad. 27, 1485-1493.

Ren, J., Wang, Y., Meng, X., Shi, X., Assoufid, L. & Tai, R. (2019). J.
Synchrotron Rad. 26, 1198-1207.

Saldin, E. L., Schneidmiller, E. A. & Yurkov, M. V. (1995). Phys. Rep.
260, 187-327.

Tiedtke, K., Feldhaus, J., Gerth, Ch., Hahn, U., Jastrow, U., Ploenjes,
E., Steeg, B. & Treusch, R. (2004). AIP Conf. Proc. 705, 588-592.

Togashi, T., Takahashi, E. J., Midorikawa, K., Aoyama, M., Yama-
kawa, K., Sato, T., Iwasaki, A., Owada, S., Yamanouchi, K., Hara,
T., Matsubara, S., Ohshima, T., Otake, Y., Tamasaku, K., Tanaka,
H., Tanaka, T., Tomizawa, H., Watanabe, T., Yabashi, M. & Ishi-
kawa, T. (2013). Radiat. Phys. Chem. 93, 25-32.

Warwick, T., Andresen, N., Comins, J., Kaznacheyev, L. K., Kortright,
J. B., McKean, J. P, Padmore, H. A., Shuh, D. K., Stevens, T. &
Tyliszczak, T. (2004). AIP Conf. Proc. 705, 458-461.

Xue, C., Guo, Z., Liu, H., Chen, J., Tong, Y., Fan, J., Jiang, H., Liu, Z.,
Zhang, X. & Tai, R. (2024). J. Synchrotron Rad. 31, 177-185.

Xue, C., Meng, X., Wu, Y., Wang, Y., Wang, L., Yang, S., Zhao, J. &
Tai, R. (2018). J. Synchrotron Rad. 25, 1869-1876.

Xue, C., Wang, Y., Guo, Z., Wu, Y., Zhen, X., Chen, M., Chen, J., Xue,
S., Peng, Z., Lu, Q. & Tai, R. (2010). Rev. Sci. Instrum. 81, 103502.

Xue, C., Xue, L., Wu, Y., Wang, Y., Yang, S. & Tai, R. (2019). J.
Synchrotron Rad. 26, 1192-1197.

Xue, L., Reininger, R., Wu, Y.-Q., Zou, Y., Xu, Z.-M., Shi, Y.-B.,
Dong, J., Ding, H., Sun, J.-L., Guo, F-Z., Wang, Y. & Tai, R.-Z.
(2014). J. Synchrotron Rad. 21, 273-279.

6 Of 6 Xue, Xue, Wang and Tai + Compensation for FEL source drift J. Synchrotron Rad. (2025). 32


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB13
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB15
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB15
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB11
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB19
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB19
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB16
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB16
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB17
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB17
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB20
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB20
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB22
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB22
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB25
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB25
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB26
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB26
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=yn5115&bbid=BB26

	Abstract
	1. Introduction
	2. Optimization method
	3. Simulations
	4. Conclusions
	Funding information
	References

