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Abstract 
The research status of a grating monochromator for soft 

X-ray self-seeding experiment at SHINE has been pre-
sented in this paper. The monochromator system includes 
the vacuum cavity, optical elements and mechanical move-
ment device. Until now, the vacuum cavity has finished 
manufactured process completely, the optical mirrors have 
finished machining and measured by the longitudinal trace 
profiler (LTP) and atomic force microscope (AFM). To 
make sure the monochromator system can achieve an opti-
cal resolution of 1/10000 at the photon energy of 
700-1300 eV, the system has been integrated and tested re-
cently. In this year, the previous online experiment will be 
performed in the shanghai soft X-ray free-electron laser 
(FEL) user facility. 

INTRODUCTION 
To date, most X-ray free-electron laser (FEL) facilities 

under operation are based on the SASE (self-amplified 
self-emission) [1-3] mode, which can generate high peak 
power, ultra-short, transverse coherent radiation with tuna-
ble wavelength. However, SASE radiation arises from the 
initial shot-noise, it has poor longitudinal coherence and 
relative wider spectral bandwidth.  To obtain fully coherent 
X-ray pulse, external seeding harmonic generation [4-7] 
are considered, where a conventional seed laser is gener-
ally required. While seeding FEL can produce fully coher-
ent pulses, the shortest radiation wavelengths are generally 
at several nanometers due to the limitation of harmonic 
transfer efficiency. To generate fully coherent radiation at 
soft and hard X-ray wavelengths, self-seeding tech-
nique [8-12] is proposed, which has been proved that it can 
be used to produce both soft and hard X-ray pulses. 

In the self-seeding technique, an optical monochromator 
is inserted between long undulator to generated fully co-
herent X-ray pulse, which is used as seed laser in the fol-
lowing FEL process. At the same time, a bypass chicane is 
utilized to smooth the previous micro-bunching. Compared 
with general FEL operation mode, a monochromator is re-
quired in the self-seeding technique and it can determine 
the performance of soft X-ray self-seeding. Until now, 
LCLS [10, 11], SACLA [12], PAL-FEL [13] have accom-
plished the hard X-ray self-seeding experiments, neverthe-
less only LCLS finished the soft X-ray self-seeding exper-
iment. Self-seeding has been the basic operation mode of 
Shanghai high repetition rate XFEL and extreme light 
source (SHINE), the preliminary experiment study has 
been given in [14]. In this paper, we present the newest 

research status of a grating monochromator for soft X-ray 
self-seeding experiment at SHINE, meanly including the 
vacuum cavity, optical elements and mechanical move-
ment device. The research of monochromator has been per-
formed two years, most hardware have been manufactured 
and the monochromator system has been integrated and 
finished previous performance test, and some test results 
are presented in this paper. The shanghai soft X-ray free-
electron laser (FEL) user facility is a user facility to gener-
ate soft X-ray down to 2 nm based on SASE and EEHG 
operation modes. In this year, the monochromator system 
will be installed at the SASE undulator beamline of SXFEL 
user facility and perform the online optical test. 

 

THE VACUUM CAVITY 
The optical design of monochromator system is pre-

sented in Fig. 1. The monochromator system includes four 
optical elements, a varied line space grating, a plane mirror 
and two cylindrical mirrors, this system is used to produce 
a coherent optical pulse with a spectral bandwidth of 
1/10000. 

 
Figure 1: The layout of soft X-ray self-seeding mono-
chromator. 

In the monochromator system, there are two vacuum 
cavities, the grating and the plane mirror are installed in the 
first vacuum cavity, the two cylindrical mirrors are in-
stalled in the second vacuum cavity. To achieve a sufficient 
optical resolution, the mechanical section can be moved 
with a precision of 2 µm and a rotation precision of 8 . The 
cavities began to be manufactured from two years ago, the 
manufactured process has finished and the cavities have 
been integrated in this year and finished the factory ac-
ceptance. Figure 2 shows the outside view of the vacuum 
cavities, which can satisfy the requirement of self-seeding 
optical system. According to the measurement results, the 
degree of vacuum can arrive 5 10   Pa and the vacuum 
magnetic permittivity is lower than 1.05. Besides, the wa-
ter-cooling systems are also considered in both vacuum 
cavities to increase the operated repetition rate of SHINE. 

  ____________________________________________  
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Figure 2: The outside view of the vacuum cavities of soft 
X-ray self-seeding. 

THE OPTICAL MIRRORS AND  
VLS GRATING 

Based on the optical system design, there are four optical 
elements in the monochromator system, a cylindrical VLS 
grating, a plane mirror and two cylindrical mirrors. To get 
stable transfer efficiency in both photon energy, an optical 
coating of Au is used in both optical elements. Exception-
ally, we also consider coatings with two material and sub-
strate with a channel for the electron beam in the cylin-
drical VLS grating and the final cylindrical mirrors, Au and 
B4C. According to the monochromator system design, the 
manufactured parameters are given in Table 1. To ensure 
the optical resolution of the monochromator, the RMS me-
ridional slope error, sagittal slope error and surface micro-
roughness need to be better than 0.5 µrad, 5 µrad and 
0.5 nm separately. 
Table 1: The Manufactured Parameters of Optical Ele-
ments 

Parameter Value 
Grating  

Grooved area: L×W (mm2) Two Stripes (Au: 15×25,  
B4C: 15×25) 

Groove profile Blazed 

Line density 

N(x)=N0(1+a1w+a2w2+a3w3) 
N0 = 1800 mm-1 (±0.2%) 

a1= -1.204×10-3 mm-1 (±0.5%) 
a2= 1.127×10-6 mm-2 (±0.5%) 

Blaze angle (°) 1.8±0.1 
Plane mirror  
Optical surface: L×W 
(mm2) 25 (±0.5) × 50 (±0.5) 

Cylindrical mirror 1  
Optical surface: L×W 
(mm2) 25 (±0.5) × 25 (±0.5) 

Radius-Sagittal (mm) 97.6 (±0.5%) 
Cylindrical mirror 2  
Optical surface: L×W 
(mm2) B4C: 11×25, Au: 11×25 

Radius-Tangential (mm) 37695 (±0.5%) 

Until now, all the optical elements have finished the 
manufactured process, Fig. 3 shows the picture of real VLS 
grating. 

 

 
Figure 3: The picture of real VLS grating with two coating 
materials. 

 The parameters of these optical elements were measured 
recently. The basic grating parameters are measured by the 
atomic force microscope (AFM) of SSRF, the coatings of 
Au and B4C were measured separately, the results are pre-
sented in Fig. 4. From Fig. 4, one can conclude that the 
grating line density is about 1800 lines/mm, the blazed an-
gle is about 1.876º, which can satisfy the requirement of 
designed parameters.  

 

 

 
Figure 4: The measurement results of cylindrical VLS 
blazed grating. 
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The processing difficulty of plane mirror is relative 
lower, the plane mirror has been measured by the longitu-
dinal trace profiler (LTP) of SSRF, the results shows that 
the measured parameters can satisfy the requirement of de-
signed parameters greatly. The cylindrical mirror 1 has rel-
ative smaller sagittal radius, which cannot be measured by 
LTP.  The cylindrical mirror 2 has a relative lower weight 
due to a channel in the substrate, the vibration will have 
important impacts on the measurement process. The cylin-
drical mirror 2 were measured by the LTP of IHEP, the two 
coatings of different materials are measured separately. 
Taking the middle 25 mm, 20 mm, 17.5 mm as the clear 
length of optical surface for coating of B4C, the tangential 
radiuses are 37.6 m, 37.4 m and 37.3 m separately, the me-
ridional slope errors are 2 μrad, 1.8 μrad and 1.7 μrad. For 
the coating of Au, the measured tangential radius values are 
also similar, while the meridional slope errors are about 
1.83 μrad, 1.39 μrad and 1.2 μrad. Figure 5 shows the LTP 
measurement results of taking 17.5 mm as the optical clear 
length for both two coatings. From the measurement re-
sults, one can find that the meridional slope errors are dif-
ferent when taking different optical clear length and the 
tangential radius can satisfy the requirement of mono-
chromator system. 

 

 

 
Figure 5: The measurement results of taking 17.5 mm as 
the optical clear length for two coatings: (a): B4C, (b): Au. 

According to the measurement results of CM2, the slope 
errors are larger than the designed parameters, which will 
have impact on the optical resolution. Here, we consider 
the case with an optical clear length of 17.5 mm, a slope 
error of 1.2 μrad, a radius error of 1% and a roughness of 
0.9 nm. The monochromatic processes are simulated with 
SHADOW, three different photon energies are used in the 
simulation, 400 eV, 1000 eV and 1500 eV. The simulation 
results for these three photon energies are shown in Fig. 6. 
The simulated photon energies ranges are 400±0.04 eV, 
1000±0.15 eV, 1000±0.15 eV. 

 
 
 
 
 

 

 

 
Figure 6: The resolution simulated results for three differ-
ent photon energies, 400 eV, 1000 eV and 1500 eV. 

From Fig. 6, one can easily find the optical resolutions 
are better than 1/5000 in both photon energy ranges. There-
fore, the optical mirrors and grating can satisfy the require-
ment of the monochromatic system. The transfer efficiency 
of the monochromator is mainly influenced by the geomet-
ric loss of the exit slit, which is related to the roughness of 
the optical elements. According to the results, the optical 
elements can satisfy the requirement of the self-seeding 
monochromator system. 
 

CONCLUSION 
In this paper, the status of a grating monochromator sys-

tem for soft X-ray self-seeding experiment at SHINE is 
presented. The manufactured process of the vacuum cavi-
ties in the monochromator system are firstly introduced. 
And then, the designed parameters of the optical elements 
are presented. Lastly, the manufactured optical elements 
and the measured results of these elements are presented, 
and the results shows that it can satisfy the requirements. 
In this year, the monochromator system will be installed at 
the optical beamline of the SXFEL user facility, the prop-
erties of the monochromator system will be tested. Further 
works will focus on the self-seeding online experiment and 
the optimization of the final self-seeding output character-
istics. 
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