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Design and simulation of interferometer for synchrotron
radiation beam size measurement

Sun Liangwei,  Luo Qing

(National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract: The interferometric measurement of the transverse beam size based on synchrotron radiation is a
non-intercepting high precision measurement method. Compared with the imaging method, the interferometric method
can measure smaller beam size and get better resolution. It is expected to obtain submicron resolution at shorter
measurement wavelength, so it is widely used in synchrotron radiation sources. The upgraded scheme of current
interference device in Hefei Light Source HLS-II is presented in this paper. It is proposed to replace the first focusing
lens in the original interference light path with an RC structure focusing mirror, and the second single lens with a
doublet lens. The design goal of this paper is to reduce dispersion and geometric aberration without changing the
optical axis of the optical path, so as to improve the imaging quality of the optical path. The geometrical optical path
design is used to evaluate the imaging quality of the optical path, and physical optical simulation is performed to
obtain the interference fringes of the measurement system. The simulation results show that the radius of Airy spot is
reduced by about 35%, the root mean square radius of dot array is reduced by about 99%, the wavefront difference is
reduced by about 75%, and the cutoff frequency of MTF function is increased by about 65%, using a focusing mirror
to replace the original focusing lens can greatly improve the image quality of the optical path.
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Fig.2 Schematic of the optical system of the interferometer
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Table 1 Structure parameters of interferometer
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Table2 Comparison of the results of interferometer optical path quality evaluation

Airy disk radius/pm RMS radius of spot diagram/pum wave front error/A cut-off frequency of MTF/(Ip-mm™)

original design 56.55 24.25 0.207 20.2
new design 36.48 0.05 0.050 335

084002-5



weOoW s 5 Ol TR

vertical position/um

normalized intensity
O = N W A

-400  —200 0 200 400 —400 200 0 200 400
horizontal position/um vertical position/um

Fig. 8 Vertical interference fringes and fitting graph (L=30 m, d=16 mm)
P8 Iy T AU 1 (L=30 m, d=16 mm)

1.4
£ z12
= £1.0
2 £ 08
g L Bos
8 04
g 202
—800 —600 —400 —200 0 200 400 600 800 9600 *4IOO *ZIOO O 260 460 600
horizontal position/pm horizontal position/pm
Fig. 9 Horizontal interference fringes and fitting graph (L=40 m, =18 mm)
|9 KI5 ) T4 A ANl 18 (L=40 m, d=18 mm)
(D) HEAT A 10
data
1(y) = ay[sinc(ay(y — a3) )P[1 + ascos(asy + ag)]| +a;y+as  (18) o 1 ¢ — user defined fit
_ . e . 0.8 BRI
anE 10 Fros, MAHEC8) X E 10 (e AT A, winl z
DA B 2 25 [ RR T AR B Ly ), R0 75 B A+ B2 8 o6l
BAEARALRZ(6), (7) i rT LA o i 0 R o Moy 3
o F BRI K8 A, B B 2 18] 1 ]2, 5 A ER
O B RR T B RO R o o 0 L5 SR F 6 3 %, 2 1y LI
) eS8 R BE UL & T 16, 18, 20 mm =41, {f EHFEA3 S R e :
o = . 7k 3¢ g 2% Ny L . . , , PV
SO 161 pm £ 2 pmg KF- [ B2 [ BRI B T 16, 18, 20 mm 0050 100 150 200 250 300 350 400
=, U5 B AR B R R T 220 pm + 10 pme i 5 pixel number
2k B 55 5 T OAOK SR R SH BS (E 159.5 pm 1 218.6 pm Vs Fig. 10 Data points and fitted curve
A BT, BUE T G Y R ATE 10 AR T
x3 HEHER
Table 3 Results of simulation
L/m d/mm Iyl o /um
30 16 0.56 160.7
vertical profile 30 18 0.47 162.9
30 20 0.40 161.5
40 16 0.52 227.5
horizontal profile 40 18 0.40 239.4
40 20 0.42 209.6
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Table 5 Parameters of vertical interferometer and measurement standard deviation

L/mm A/nm d/mm b7

30000+10 500+10 16+0.01 0.6+0.06
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