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Abstract In this paper, we demonstrate the performance parameters and stability of the FEL-III beamline of
Shanghai high repetition rate X-ray free electron laser and extreme light facility (SHINE). FEL-III beamline covers
the photon energy of 10-25 keV, which is the FEL beamline with the highest energy among the initial three
beamlines in SHINE. In the studies and analysis of performance parameters and stability of sources, the electron
beam shot noise, the transverse position and incident angle jitter of the electron beam launch condition, and the
horizontal position misplacement of the quadrupoles are taken into account. The results provide a solid and clear
illustration for the possible performance and stability of the light source. It will also serve as a reference for the
design of the optical beamlines and the experimental endstations, and it will provide reference for potential user
experiments.
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Table 1 SHINE FEL-III beamline parameters

Parameter Value
Beam energy /GeV 8
Slice energy spread /% 0.01
Normalized emittance /(pm-«rad) 0.5
Charge /pC 100
Peak current /A 1500
Undulator period length /mm 16
Undulator segment length /m 4
Undulator segment number 40
Photon energy /keV 10-25

% 2 SHINE FEL-II1 Yt 250
Table 2 SHINE FEL-III photon beam parameters

Parameter Value 1 Value 2
Photon energy /keV 10 15
Pulse energy /p] 278 143
Bandwidth /% 0. 066 0.051
Pulse length (FWHM) /um 12 10
Spot size (FWHM) /pm 130 85
Divergence (FWHM) /prad 1. 90 1.58
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Fig. 1 Performance parameters and stability of 15 keV photon beam size, divergence, current profile, and FEL radiation pulses

considering shot noise using a normal ideal Gaussian distribution electron beam and a start-to-end double-peak distribution

electron beam. (a)(d) Photon beam size; (b)(e) divergence; (c)(f) current profile and FEL radiation pulses
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Fig. 2 Output parameters and stability of photon beam size, divergence, position in x/y dimension, and pointing angle in

z/y dimension for lateral position and incident angle jitter of 10% (RMS) of initial beam when irradiance energy is

10 keV. (a) Photon beam size; (b) divergence; (c) position in x/y dimension; (d) pointing angle in x/y dimension
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Fig. 4 Output parameters and stability of photon beam size, divergence, position in x/y dimension, and pointing angle in
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energy is 10 keV. (a) Photon beam size; (b) divergence; (c) position in x/y dimension; (d) pointing angle in x/y
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Fig. 5 Output parameters and stability of photon beam size, divergence, position in x/y dimension, and pointing angle in
x/y dimension considering comprehensive effect from shot noise, transverse jitter of 10% (RMS) of initial beam
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Table 3 FEL-III photon beam performance parameters and stability %
Considering factor Beam size Divergence  Position in x/y Pointing angle in x/y
Transverse jitter 4.0 3.6 3.1/6.7 1.6/1.4
Quadrupole misplacement 1.5 1.2 3.0/ 2.5 1.5/1.3
Transverse jitter & quadrupole misplacement 4.8 4.1 5.4/7.6 1.2/1.9
Double transverse jitter & quadrupole misplacement 17.0 16.0 20.0/13.0 3.4/3.0
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Fig. 6 Output parameters and stability of photon beam size, divergence, position in x/y dimension, and pointing angle in

x/y dimension considering comprehensive effect from increased error sources of transverse jitter of 20% (RMS) of

initial beam size and beam divergence and 1.0 pm/1.0 pm quadrupole misplacement in x/y dimension when FEL

irradiance energy is 10 keV. (a) Photon beam size; (b) divergence; (c) position in x/y dimension; (d) pointing

angle in x/y dimension
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