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Abstract In astronomical detection. the measurement precision of radial velocity in Earth-like planet detection is
required to reach 10 cm/s. The spectrum drift caused by circular fiber scrambling is becoming a major factor that
influences the measurement precision of radial velocity. The sectional fiber transmission systems of circular fiber
combined with polygonal {iber are proposed to improve the scrambling property of circular fiber. The spot quality of
fiber output field is evaluated by an optical system for testing spot quality of far field and near field. The far field and
near field distributions of sectional fiber transmission systems, which are consisted of circular fiber, circular fiber
combined with square fiber, and circular fiber combined with octagonal fiber, are studied under different coupling
conditions. The scrambling gains and energy variations of these fiber transmission systems are analyzed. The results
show that the scrambling property and the system stability are improved by the sectional transmission system of
circular fiber combined with polygonal fiber. The coupling energy loss is caused by large incidence shift on the
condition that the core diameter of polygonal fiber is smaller than the core diameter of circular fiber, and the
conservation of the energy holds on when the core diameter of polygonal fiber is larger than or equal to the core
diameter of circular fiber. The transmission system of circular fiber combined with octagonal fiber, which is with a

small mass center offset in the near field and a large scrambling coefficient, can decrease the spectrum drift induced
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by coupling error, and increase the measurement precision of radial velocity.

Key words fiber optics; radial velocity measurement; scrambling property; sectional fiber transmission system;
spectrum drift
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Fig. 1 Spectral line measurement system and diagram of far and near field distributions
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Fig. 2 Diagram of experimental setup of fiber scrambling measurement
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Fig. 4 Sectional light intensity distributions of (a) far field and (b) near field from circular fiber under different incidence offsets
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Fig. 5 Far field light spot images of sectional fiber transmission systems under different incidence offsets. (a) d;/r;=0;
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Fig. 6 Sectional light intensity distributions of far field of sectional transmission systems under different incidence
offsets. (a) Circular fiber combined with square fiber; (b) circular fiber combined with octagonal fiber
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Fig. 7 (a) Core diameter difference in fiber transmission systems of circular fiber combined with polyagonal fiber;

(b) energy loss caused by incidence offset in fiber transmission system of circular fiber combined with octagonal fiber
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Fig. 8 Mass center offsets of different sectional fiber transmission systems in x and y directions. (a)(c) Mass center
offsets of near field spots; (¢)(d) mass center offsets under different incidence offsets
1
Table 1 Scrambling coefficients and variances of near field mass center offset obtained by fiber transmission

systems of circular fiber combined with polygonal fiber

Mode Offset direction Variance Scrambling gain
, _ , _ , z 0.0274
Circular fiber combined with square fiber 525
v 0.0323
_ ‘ _ . , 0. 0034
Circular fiber combined with octagonal fiber 679
y 0.0028
b b
b o b
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