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Abstract An online monitoring device is designed for the real-time monitoring of hard X-ray beams at Shanghai
Synchrotron Radiation Facility (SSRF). Compared with the existing beam position monitors and gas ionization
chambers, it can monitor the beam position, size, and flux, and reconstruct the relative phase variation of the
incident wavefront with an acquisition speed of 2 kHz, without affecting the downstream experiments. In addition,
it has potential applicability for feedbacks of the optical devices and experimental positions in super-long and micro-
nano-focused beamline stations. Experiments are carried out in the USAXS and micro-focusing SAXS experimental
stations at SSRF, and beam stability data are collected at common experimental frame rates. The time-frequency
domain signals of position, flux, and size distribution of the incident beam are analyzed, and the phase variation of
the incident wavefront is obtained as well. Finally, the feasibility of this device is verified.
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# 1 30 pm & B:CVD 96 T B 8 R 5 X G2 a & i) REBOC R

Table 1 Photon transmittance of a 30 pm thick B: CVD f{luorescent screen as a function of the X-ray energy
Energy /keV 8 9 10 11 12 13 14 15
Photon transmittance/ % 95.5 96.9 97.7 98. 3 98.7 98.9 99.1 99. 3
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Fig. 1 X-ray beam on-line monitoring device based on fluorescence imaging. (a) Structural schematic diagram; (b) physical

scene map; (c)(d) existing structural schematic diagram of X-ray beam monitoring device based on fluorescence imaging
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Fig. 4 Dynamic monitoring of beam spot at USAXS experimental station; (a) Two-dimensional intensity profile, integrated

intensity distributions and Gaussian fitting curves in both horizontal and vertical directions; (b) distribution of beam

spot positions at different sampling frame rates
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(a) Horizontal/vertical spot position;

Changes in the position, flux, and size of the focus spot at USAXS experimental station with time under different

(b) normalized luminous flu; (c¢) horizontal/vertical

direction full width at half maximum change with time and frequency domain analysis (different sampling frame

rates: 1, 10,

% 2

and 100 frame/s)
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Table 2 RMS value of the deviation of normalized beam flux, horizontal/vertical beam spot position,

and width deviation at USAXS experimental station

Frame rate /(frame *+ s ') 1 10 100
Flux /% 2.20 1. 20 1.07

Beam spot (H % XV %) 3.49X1.56 2.84X%1.38 2.43X%1. 34

Beam width (H % XV %) 0.10X0. 38 0.08X% 0.28 0.07X0. 25
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Fig. 6 Dynamic monitoring of beam spot at uSAXS experimental station. (a) Two-dimensional intensity profile, integrated
intensity distributions and Gaussian fitting curves in both horizontal and vertical directions; (b) distribution of beam
spot positions at different sampling frame rates
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Fig. 7 Changes in the position, flux, and size of the focus spot at uSAXS experimental station with time under different

sampling frame rates.

(a) Horizontal/vertical spot position; (b) normalized luminous flux; (¢) horizontal/vertical

direction full width at half maximum change with time and frequency domain analysis (different sampling

frame rates:

1, 10, and 100 frame/s)
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Table 3 RMS value of the deviation of normalized beam flux, horizontal/vertical beam spot positions,

and width deviation at pSAXS experimental station

Frame rate /(frame * s~ ') 1 10 100
Flux /% 2.82 2.81 2.84

Beam spot (H % XV %) 2.67%1.66 2.54%1. 34 3.29% 1. 67

Beam width (H % XV %) 0.58X 0.39 0.35X0.43 0.37X0. 37
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Fig. 8 Real-time relative phase variation of incident wavefront at USAXS experimental station
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