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Abstract It is an important method to estimate low-frequency modes and split modes precisely
for constraining the structure of Earth and improving Earth model. Therefore, the free
oscillations below 1. 5 mHz excited by Japan M,9. 0 earthquake are detected systemically from
superconducting observations of four different stations in this paper. The results show that: (1)
Based on appropriate length, all the free oscillations, except ;S,;, below 1.5 mHz can be detected
by superconducting observations; (2) In addition to ¢S;46S550S+251,355,,:S, and T, , all peaks
of split for ;S,,,S, and | S, are detected particularly; (3) Compared with PREM, the observed
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frequency of ,S, is bigger 0. 354 X 10 mHz. It indicates that there may be small error in the
bottom of mantle for PREM; (4) The splitting ratios r of ;S, are 1. 485267, about 50% times

wider than PREM. It can be deduced from the results that the elastic parameters for center of

inner core from PREM need to improve. In additions, the r of quasi-, T, is 1. 254206, about 25%

times wider than PREM.
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Table 1 The main information of superconducting gravity stations
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Fig. 1 Gravity residuals of four stations
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Fig. 2 Results of normal modes from 0. 25 mHz to 1.5 mHz
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Table 3 Results of normal modes
Mode  Prem/(mHz) (a)/(mHz) (b)/(mHz) (¢)/(mHz) (d)/(mHz) Mean/(mHz) RE/(%) SNR
oTs 0. 928240 0. 931081 0. 930994 0.931541 0.931296 0.931228 0. 321920 3.844719
2 Sy 0. 937850 0.934985 0. 935380 0.934588 0. 935556 0.935127 0.290332 8.712519
1S3 0. 939830 0. 938288 0. 938596 0.937276 0.938148 0. 938077 0. 186499 7.025365
351 0. 944000 0. 945495 0.945614 0.944624 0.945741 0.945368 0. 144966 53. 267580
0S7 1. 231790 1. 230000 1.230242 1. 231556 1.230717 1.230628 0.094295 21.177755
1T 1.236110 1. 239615 1. 240628 1. 238000 1. 236810 1.238763 0.214654 4.434724
2S; 1. 242190 1. 244316 1. 244251 1. 242222 1. 243441 1. 243558 0.110098 9.712977
451 1. 412640 1.412208 1.412320 1. 412047 1.412469 1.412261 0.026833 4.909997
0Ss 1.413510 1.413917 1. 413999 1. 413655 1.413395 1.413742 0.016381 3. 881688
3S; 1.417190 1.416909 1. 415830 1.415702 1.416790 1.416308 0.062254 2.211747

1 : Mode 2y B 14835 1 4R B, Prem iy PREM 5 B3 ] - AR Z L (a) (D) (O FI(D FRRF H

JAH R 2% H 43 e (RE= | Mean—Prem | /Prem) , SNR g - 15 {5 I 11,

i WL 45 58 » Mean 2y PUAS & 3 f9°F 39 . RE
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Table 4 Length of observations for split modes in four stations

Mode (a)/h (b)/h (c)/h (d)/h
0S2 190 185 181 180
0S; 390 480 462 400
0SSy 830 750 645 715
251 142 140 120 132
3S) 550 640 540 580
1S, 343 290 300 300
1Sy 430 350 360 318
3 Sy 310 278 360 350
0T 160 260 295 260
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Table 5 Statistic results of split for ,S,, ¢S; and ,S,
Mode/(mHz) m Prem/(mHz) (a)/(mHz) (b)/(mHz) (¢)/(mHz) (d)/(mHz) Mean/(mHz) RE/(%) SNR r

—2 0. 300001 0. 300234 0. 300210 0. 300129 0.299877 0.300112 0.037132 8.276508
—1 0.304493 0. 304620 0.304715 0.304733 0.304198 0. 304566 0. 024064 20. 043024

" 0 0. 309064 0. 309006 0.309219 0.309951 0. 310062 0. 309559 0.160297 2.477226 1.002202

0. 309280

+1 0.313716 0.314269 0.314024 0.314248 0.313457 0.313999 0.090354 22.342185
+2 0.318452 0.318947 0.318529 0. 318545 0. 318395 0. 318604 0.047737 9.650411
—3 0.461986 0.461538 0.461806 0.461664 0.461806 0.461703 0.061158 4.369911
—2 0.464123 0.464103 0.464120 0. 464069 0.464444 0.464184 0.013178 10. 665051
—1 0.466272 0.466524 0.466667 0.466835 0.466528 0.466638 0.078585 6.355414

" 0 0.468439 0.468661 0. 468750 0.468519 0.469028 0.468739 0.064110 2.848054 1.014569

0.468560

+1 0. 470606 0.470655 0.470949 0.470683 0.470972 0.470815 0.044389 6. 834389
+2 0.472791 0.472934 0.472801 0.472968 0.472778 0.472870 0.016759 11.274218
+3 0.474989 0.475071 0. 475000 0.474651 0.474861 0.474896 0.019600 5.497427
—4 0.642098 0.641673 0.641852 0. 641809 0.641476 0.641703 0.061583 1.930762
—3 0.643401 0.642945 0.643185 0.643101 0.643419 0.643162 0.037073 3. 048004
—2 0. 644671 0.644418 0. 644444 0. 644700 0. 644351 0.644478 0. 029887 2.212321
—1 0.645908 0.645288 0.645185 0. 645599 0.645361 0.645358 0.085115 1. 775460

0 60-1571070 0 0.647113 0.646627 0.646815 0.647235 0.646915 0. 646898 0.033233 2.121799 1.017247
. +1 0.648285 0.647497 0.647778 0.648183 0. 648003 0.647865 0.064781 1. 852690
+2 0.649424 0.649304 0. 649407 0.649130 0.649246 0.649272 0.023418 2.162701
+3 0. 650531 0.650174 0. 650370 0. 650078 0.650412 0. 650258 0.041899 3.631625
+4 0.651605 0.651044 0.651556 0.651628 0.651267 0.651374 0.035522 2.191134
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Table 6 Statistic results of frequency for ,S,

HRKE BRI

Mean Mean-Prem

A% Prem/(mHz) /h /(mHz) /(mHz) /(mH2) RE/ (%) SNR

300 0.925925X10° 0.814630 0.320000x10% 0.039252 82.585345

400 0.694444 X103 0.814722 0.412000X10* 0.050622 76. 424704

500 0.555555X10° 0.814667 0. 357000 X 10"% 0. 043800 69. 562524

600 0.462962>X10° 0.814630 0.320000X10% 0.039252 63.995735

700 0.396825X10 0. 814683 0.373000X10 % 0.045749 60. 198556

0So 0.814310

800 0.347222X1073 0.814722 0.412000X 1073 0.050622 55.272156

900 0.308641X<10° 0. 814645 0.335000X10° 0.041147 50. 241135

1000 0.277777X10° 0. 814667 0. 357000 X103 0. 043800 47. 497048

1100 0.252525X1078 0.814646 0.336000X 1073 0.041319 44, 550000

1200 0.231481 <10 0. 814630 0.320000X10"% 0.039252 40. 741077

AR ST 0. 814310 650 0.445336>X10° 0. 814664 0. 35400010 % 0.043481 59.106828
o S I 2004 4F F5 112 I 8 2 14K T S0 ER 11 PR
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Fig. 6 Detecting results of S, when

the length of data is 800 hours

HE 6 LA 1, () 2= (D A G 335 0] DL
A7 Hb A B, S, . F % 6 R Bl 25 R AN KR 1Y
PR L PUAS 4 3l WL 3, S, A S 208 7E AR AL
L5 PREM 5B 471 23 1) i 2 Jie KRy 0. 050622 %5 5 i
/N 0.039252 %0, A FIAS [A] K B H5 B 46 21, S, A
Z A4 R 0. 814664 mHz, 5 PREM # %!
(AR 35 22 B S B0 S 0. 043481 %, -5 Mk 1K
F 59, MUK AR R, 0 S, WL AR . PREM
L TR L0 A 23 K JH A % B 5 00 0 5 4l g A 8 Oy
Y 2 6 A % 0. 354 X 10 ° mHz % 4b, &
A RIRE Jr i A0 3 T 48 [ 1) Bad Homburg, 2% [ 1)
Strasbourg. 2 #] i) TIGO Concepcion HI & [E #Y
Wettzell PUANE T3 7 & 5l B4l » & B, So LI 431 3
WHAK T PREM B #LIS 4. B it 22 5F » Okal Al
Stein(2009) ] FH 1Y A~ & 3 1 T8 59 b 52 103 5% B

3.3.3 WM AHwKG

8T 1.5 mHz i 8 A ARG 5.8 S S u S,
FLS, M5 4R 4 24 0] DL 58 A o W&l 7 fnk
7 i R R S W B K SR 4 TR

d & 7 FEE 7 AL A . (1), S, =A% 0 A A 15
Z AR 0. 3% M5ME LK TF 2.8, r H 0. 916345,
Hrp &l (ORI EE R BA R ER L (2
(a) 2 (d) PUAS & il 24 BE T8 W7 4G 00 2815 S, A9 =A%
W, S, ) LA T 0 L A TR 22 EBAN KT 0. 120, 17
MELLAL T 2, r 39FE 1.0 B 5 (3) Ca) FT(h) 5 35 7] DA
Kl 2], S, g LS50, (o B b RER T R BR m =—+1
DA H At AN 35 16, (D & 3 HRE AR I S A 1%
g5 (4), S, JUAS I I A AR X IR Z /N F 0. 05% .,
9 1.001812 , {H F 43 1% e 1) {5 MR 1L B A 1K 5 (558,
MBI 2 m =— 2 FA1E W] B Y 1) 22w % BT A
PEUE 15 MR LA F 2. 8, i 1. 485267, k. PREM
Hp Lk 25 B 255 50% , He 1 Tromp(1996)
AR, S, W r k1,58, PREM HUS i 2k 4> 4 58
¥ 58%. Roult £ (2010) #F 5% T 2004 4F 5 '] & i K
MR WK, S i Ay L Hor 1.7, 8 PREM



10 3 V)45 ) A S T BRI B AR M, 9. O = AR AT IR 75 Mt 2k 45 24 3113
K7 EHBHKRFEEZSEFIUTER
Table 7 Statistic results for split of harmonic modes
Mode/(mHz) m  Prem/(mHz) (a)/(mHz) (b)/(mHz) (¢)/(mHz) (d)/(mHz) Mean/(mHz) RE/(%) SNR r
—1  0.398036  0.400516  0.398571  0.397315  0.399040  0.398861  0.207210  3.516627
. 420531960 0 0.403687  0.407167  0.405317  0.402870  0.404091  0.404862  0.290955  2.874909 0.916345
' +1  0.410222  0.411080  0.410873  0.410278  0.407879  0.410027  0.047450  5.073906
—1  0.942267  0.942525  0.940938  0.942757  0.942548  0.942192  0.007964  3.929712
. 9‘15;950 0 0.944215  0.944646  0.942674  0.944609  0.944464  0.944098  0.012372  3.224939 1.077206
' +1 0.945472  0.946061  0.944670  0.945947  0.945900  0.945644  0.018235  2.493462
—2  0.673696  0.673578  0.673238  0.674259  0.673704  0.673695  0.000199  2.825053
—1  0.677213  0.678110  0.677261  0.675741  0.677778  0.677222  0.001367  2.934718
. 6'75;8% 0 0.680281  0.681347  0.678985  0.678333  0.679815  0.679620  0.097172  2.173809 1.012523
. © 41 0.682004  0.683775  0.683774  0.682593  0.682407  0.683137  0.034146 3158353
+2  0.685079  0.685555  0.685881  0.685000  0.684444  0.685220  0.020612  2.596372
—4  1.162163  1.162920  1.163175  1.161265  1.162404  1.162441  0.023920  2.210814
—3  1.165573  1.165633  1.165238  1.164969  1.165374  1.165304  0.023120  2.920283
—2  1.168658  1.168992  1.168889  1.168981  1.168519  1.168845  0.016020  2.821880
—1  1.171420  1.171189  1.170794  1.170988 - 1.170990  0.036699  1.567295
. ;;FO 0 1.173859  1.172739  1.173016  1.174383  1.173061  1.173300  0.047655  1.759026 1.001812
. ’ +1  1.175973  1.176486  1.176349 — - 1.176418  0.037807  1.859337
+2  1.177764  1.177778  1.177937  1.177469  1.177428  1.177653  0.009424  2.625071
+3 1.179231  1.179457  1.179524  1.179012 - 1.179331  0.008484  3.204654
+4  1.180375  1.181008  1.181111  1.180401  1.180224  1.180686  0.026347  3.315313
—2  1.102341  1.100036  1.099992  1.098951  1.099524  1.099626  0.246333 3. 454609
—1  1.104917  1.105233  1.105588  1.104506  1.103333  1.104665  0.022807  2.802326
. ;(;2210 0 1.106856 — 1.107186  1.106512  1.105873  1.106524  0.030007  3.609792 1.485267
+1  1.108158  1.107742 - - 1.108095  1.107919  0.021605  3.813529
+2  1.108823  1.109176  1.108985  1.109599 - 1.109253  0.038786  3.560138
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Fig. 8 Split of quasi-, T.
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Table 8 Statistic results of split for quasi-, T,
Mode/(mHz) m Prem/(mHz) (¢)/(mHz) RE/(%) SNR r
—2 0.374503 0.374883 0.101532 . 580371
—1 0.377605 0. 376766 0.222063 . 358514
quasi-o T2
0 0.379939 0.379591 0.091505 . 705317 1. 254206
0.379170
+1 0.381509 0.381663 0.040340 . 773420
+2 0.382311 0. 384676 0.618628 . 750958
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