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Abstract The translational oscillation of the solid inner core, which is also called Slichter mode
(SM), has an eigenperiod of several hours that is closely related to the Earth’s interior structure,
and is one of the fundamental normal modes of the Earth. The SM may be excited by large deep
earthquakes, asymmetric crystallization of the fluid material in the outer core, or other unknown
excitation sources. The excitation mechanism of them is still unclear. It is supposed that a large
earthquake can excite the translational oscillation of the inner core, and amplitudes excited by
large earthquakes and received by different stations are calculated in order to verify whether the
superconducting gravimeter (SG) can detect such weak signal.

Based on the spherical, non-rotating, elastic and isotropic (SNREI) Earth model, the
earthquake excitation of translational oscillation in the Earth's inner core was calculated. Taking
the 2004-12-26 Sumatra earthquake as an example, the influence of inner core translational
oscillation' s earthquake excitation caused by the focal mechanism solution (scalar seismic
moment, strike, dip, slip and depth) was analyzed. Based on 21 earthquakes the magnitude of

which were larger than M,8.0 since 1980, 10 superconducting gravimeters stations with high-
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quality observations were chosen, and amplitudes of the inner core translational oscillation
received by those stations were calculated theoretically. In the reference focal mechanism
solutions, the hypocenter was equivalent to a double couple point source in the focal mechanism
model. Six independent seismic moment tensors were determined based on the theory of double
Based on the Preliminary Reference Earth Model (PREM)

. . . . ~ ! .
combined with the focal mechanism solution, moment tensors of the Green s function were

couple centroid moment tensors.

determined by the weighted sum, and free oscillation displacements were obtained that simulate
measured free oscillation signals.

It is found that the scalar seismic moment M, has a major influence on the amplitudes of inner
core translational oscillation; additionally, the strike, dip, rake and depth of the hypocenter have
minor influences. When one of the M,, strike, dip, rake and depth changes while other keep
constant, the difference of amplitudes is 0.223, 0.095, 0.081, 0.139 and 0.187 nm+s *« Hz ',
respectively. And it is indicated that the amplitudes of the inner core translational oscillation in
different areas excited by great earthquakes have significant differences, and the results are the
basis of weighting stacking the SGs' observation in the frequency domain to detect the signal. In
addition, only the Wuhan station received the amplitude excited by 2010 Tohoku M,9.1
earthquake that reached the observational level of the high accuracy and sensitivity superconducting
gravimeter with maximum amplitude 0. 0103 nm * s *

It implies that the signal is extremely weak and it may be buried in the background noise. It
is a good choice that increases the weight of the observations with larger amplitudes after large
earthquakes. Weighting stack of the observations to suppress the noise and enlarging the signal
should be used to detect the signal. In fact, owing to the ellipticity and rotation of the Earth, the
SM splits to form a triplet, including the movement at the Earth's rotation axis and the equatorial
prograde and retrograde translational movements. The earthquake excitation of the triplet based
on a rotating, slightly elliptical Earth model would be calculated during the following work.
According to the calculation results in this paper, the amplitudes excited by earthquakes are very

small, and other possible excitation mechanisms will be researched in the future.

Keywords Translational oscillation in Earth's inner core; Focal mechanism solution; Superconducting
gravimeters; Earthquake excitation
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The locations of hypocenter and SG stations
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Table 1 Focal mechanism solutions
Time Latitude Longitude Strike (%) Dip (*) Slip () Depth (km) M,, M, (Nm)
1 2011 37.52°N 143. 05°E 203 10 88 20.0 9.1 5.31X10%
2 2004 3.09°N 94. 26°E 329 8 110 28.6 9.0 3.95X10%
3 2010 35.98°S 73.15°W 19 18 116 23.2 8.8 1. 86X 1022
4 2005 1.67°N 97.07°E 333 8 118 25.8 8.6 1. 05X 1022
5 2012 2.35°N 92. 82°E 20 76 5 45.6 8.6 9.14Xx10%
6 2007 3.78°S 100. 99°E 328 9 114 24.4 8.5 6.71Xx10%!
7 2001 17. 28°S 72.71°W 310 18 63 29.6 8.4 4. 67X10%
8 2006 46. 71°N 154. 33°E 215 15 92 13.5 8.3 3.51X10%
9 2003 42.21°N 143. 84°E 250 11 132 28.2 8.3 3.05X10%!
10 1994 43, 60°N 147. 63°E 158 41 24 68.2 8.3 3.0X10%!
11 2012 0.90°N 92.31°E 107 83 —177 54.7 8.2 2.89X10%!
12 1994 13.82°S 67.25°W 302 10 —60 647.1 8.2 2.63X10%
13 1996 0.67°S 136. 62°E 103 11 69 15.0 8.2 2.41X10%
14 2007 46.17°N 154. 80°E 226 39 —54 12.0 8.1 1. 78X 102!
15 1998 62.99°S 148. 64°E 189 73 174 28.8 8.1 1.7X10%
16 2009 15.31°S 171.97°W 119 38 —131 12.0 8.1 1. 66X 10%!
17 2004 49.91°S 161. 25°E 69 74 167 27.5 8.1 1. 63X 102!
18 2007 7.79°S 156. 34°E 333 37 121 14.1 8.1 1.57X10%!
19 1989 52.15°S 160. 41°E 34 69 170 15.0 8.0 1. 36X 102!
20 2006 20. 39°S 173.47°W 226 22 123 67.8 8.0 1. 12X 102!
21 2007 13.73°S 77.04°W 321 28 63 33.8 8.0 1. 12X 102!
C = 0.5, ] pSi X 9" V. )
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Fig. 2 The influences of inner core translational oscillation’s amplitudes

in frequency domain caused by focal mechanism solutions
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Fig. 3 The inner core translational oscillation excited by 21 earthquakes that the magnitudes are larger than M, 8. 0
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Table 2 The maximum amplitudes in frequency domain received by 10 SG stations excited by 21 earthquakes
that the magnitudes are larger than M, 8.0 (unit; 10™° nm + s~ % « Hz™ ')
5 Ca Cb Mb Me Mo St Su Vi Wu Lh
1 20. 460 33. 740 10. 970 73.590 16. 710 29. 950 26. 550 17.030 155. 100 27.350
2 15. 290 14.790 1. 445 10. 040 3.179 7.951 30. 410 7.342 214. 600 241. 600
3 10. 550 10.920 8.523 12.330 8. 435 8.251 5.375 9.273 20.110 19. 700
4 3.909 5.604 2.364 2.374 2.058 5. 468 2.629 1.113 37.190 26.520
5 0. 956 0.693 1. 363 1. 739 1. 062 0.732 2.903 1. 386 7.645 15.710
6 3. 144 4.893 1.791 1. 485 0.548 0.373 3.810 1.509 7.705 8.819
7 2.425 2.764 1.747 1. 827 1.534 0. 680 1.120 1.593 5.193 5.075
8 4.129 1. 601 5. 641 1.921 3.730 2.832 3.063 2.738 37.710 13.970
9 0. 405 1. 461 1. 844 1. 432 2.108 0. 469 1. 332 2.430 8. 887 7.148
10 0.354 1. 046 2.162 1. 782 3.223 1. 180 1. 965 3.663 8.061 6.566
11 0.134 0. 946 0.392 0.416 0.219 0. 343 0. 037 0.618 3.033 2.583
12 0.597 0.639 0. 246 0.621 0. 340 0. 247 0.414 0.398 1.710 1. 619
13 1.027 8. 844 0.733 0. 350 0.729 0.768 0.782 0.612 3.793 1.728
14 2.746 2.146 3.673 1. 287 1.413 2.459 2.452 2.911 24. 820 9.149
15 0.188 1.743 0. 200 0. 194 0.197 0.198 0. 045 0.191 0. 336 0.171
16 1. 495 2.020 2.185 1. 836 2.184 2.235 1. 967 2.213 0.986 0.969
17 0. 341 4.188 0. 409 0. 382 0. 400 0.405 0.418 0. 389 0.130 0. 086
18 1. 625 36.09 2.185 1. 303 1. 764 1. 880 1.559 1.739 5. 070 2.602
19 0.277 14.110 0.316 0.298 0.310 0.312 0.410 0.300 0.014 0.067
20 0.277 8. 862 1.223 1. 058 1.222 1. 260 0.822 1. 260 0.631 0.832
21 0.968 0. 790 0. 689 0.551 0.431 0.321 0. 664 0. 504 1.693 1. 705
% E]/(J *@_\{mﬂ l:,:r m‘ uiﬁﬂyz: [EJ :Hﬁ}‘?:i’ ﬁé—EE , B i/EJ: %ja [I]E Methods. San Francisco: University Science Books.
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