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Figure 1 (Color online) Triangle of light-quark flavors (u, d, and s).
The charge-mass ratio, R, is indicated by gray scale of the image. The
atomic nucleus is around point “A” with R =~ 1/2, while charge neutral-
ity (R =~ 0) keeps for both neutron star (point “n”) and strange star (point
“s”). The nucleon-like unit at point “s” is called “strangeon”.
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Figure 2 (Color online) (a) Surface rupture of the 1906 San Francisco
earthquake [17]. (b) An illustrative cartoon for elastic rebound model.
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Figure 3 (Color online) Top: illustrative cartoons of dislocations on
fault planes are plotted for normal, thrust and strike-slip faults, respec-
tively. Bottom: focal mechanisms of normal, thrust and strike-slip faults

are plotted, respectively.
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Figure4 (Color online) Ilustrative cartoon for homogeneous slips on a
rectangular fault. Fault width (W), length (L), displacement (d), rupture
velocity (v), and hypocenter are labeled.
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Figure 5 (Color online) The double force couple (DCP) of a strike-slip
earthquake. Left: the space location of this DCP model. Middle: P-wave
initial motion of this DCP model. Right: focal mechanism of this DCP
model.
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Figure 6 (Color online) Two perspectives for understanding earth-
quake source dynamics. Spring-slider model (a) and rupture model based
on fracture mechanics (b). The model in (a) uses force balance to de-
scribe the equation of motion for a rigid slider, while that in (b) uses

energy balance to describe the equation of motion for an inertialess rup-
ture front.
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Figure 7 (Color online) Schematic diagram of the ray paths of elastic
traveling waves from an earthquake (red star) to five stations (inverted
black triangles) on the Earth’s surface. The simplified Earth model con-
sists a solid mantle, a fluid outer core and a solid inner core. The CMB
and ICB are the outer and inner boundaries of the fluid outer core. Black
and red ray paths depict compressional and shear waves, respectively. P,
K and I denote the compressional waves in the mantle, the outer and inner
core, respectively, whereas S and J denote the shear waves in the mantle
and the inner core, respectively. A lowercase ¢ denotes the reflection at
the CMB.
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Figure 8 Illustrations of the normal modes of the Earth’s free oscilla-
tions. Shown here from left to right are motions of the toroidal mode
0T, (eigen period 44 min) and the spheroidal modes (¢S, (eigen period
20.5 min) and (S (eigen period 53.9 min). The upper and lower pan-
els depict two opposite phases of the motion during an oscillation cycle.
The toroidal modes have purely horizontal motion, whereas the spheroid
modes have both horizontal and vertical motions such as the so-called
“breathing” mode (S and the “football” mode (S, shown here.
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Figure 9 (Color online) (a) The theoretic changes of the length-of-
day caused by the earthquakes having moment magnitude greater than
about 5.5 during 1977-2004 [47]. The large change at the end of the
series means the 2004 Sumatran earthquake. (b) The observation data of
the length-of-day that have removed atmospheric, oceanic, seasonal, and
tidal effects. The red line is the simulated value in (a).
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Figure 10 (Color online) Primary postseismic deformation processes
(from Wang et al. [48]).
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Figure 11 (Color online) Earthquake cycle deformation. Red arrows
represent GPS observations. (a) Early-stage postseismic deformation.
Black contours represent the coseismic slip of the 2011 M,,9.0 Tohoku
earthquake [53]. Two year postseismic displacements are derived from
the daily time series obtained from Nevada Geodetic Laboratory (NGL).
Offshore GPS observations are from Tomita et al. [54]. (b) Decadal post-
seismic deformation. Black contours represent the coseismic slip of the
1960 M,,9.5 Chile earthquake [55]. GPS velocities are from Wang et al.
[56]. (c) Interseisic velocity. Black contours represent the coseismic slip
of the 1700 M,,9.0 Cascadia earthquake [57]. GPS velocities are from
McCaftrey et al. [58] and are corrected for the forearc sliver motion.
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Figure 12 (Color online) An illustration of a glitch.
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o, G 8UE K5 A5 AR Ak, DR G AT AR W0 v s
K 107CF Jl JTER AR i B2 1091 (1&113). mT DLl B % e ig
T2 R 73 A BY 8273 0 8 v A0 R A %A B A 1) ) 7
TRMLH. 25 5 B 7R 18 B 5 5 AR N, 138 e
TR T AR IR A R AR BT R Y JE, BAk
SMEWIR 15 P AR BB S Eh A A 2 R 1 3 s B 3
I7) 5T AR 301 KA 1) s (1R 14a)). S SR HE— 2B\
PEiz gh ] LA & 1M 88 8 3 TLF AR, T AT DR
R 28] 6 R P58 R 2R P S AR 5 e 1061,

TR BRI P 52 3o R ABL T B M DL AR RS, TE R T
PREA N A 7 S U, L R I Y W S A S B gk /D,
7 S A K 5 B R 38 8, ST Hb 72 S 1R R )
P ot ik R R RIS A E P 5 Y SR IS B RN R
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B 13 (00 5 R R D) ) 300 R A T FEE (log (A / v)) R IR A% 8k () BN A 3 RUBE Qo) IR A B, (a) A (b) 3 310 0f 2 o - SR (NIS) A T
EE(SS)RSEAY. MLH 1 1) foe /N AN foe KA IR AR (10719-1070) BLRRZR DM FE. 10 I ZRAENS B8 AT 4 th, ROA B T R 5 K AH.
(@) RIBISEAR B4 1 B2 AR R A8 R BRAE [ 72 )2 1 XSRS REIB BB BARBR My = 1. KRBk B 0000 3 0 e Kb
7= (R 19604 2 Hh 52) 1 A FEAE P AN B h 20 3 1 EBARIEAE A 225, RSN R R SFE 2. (o) INSHR 55 SSHUR ) LL %
LU J] SR AR P PO T KT R 2 s . PR v i) Co0 70 B i D i B2 R 2

Figure 13 (Color online) Dependence of glitch magnitude (log(Av/v)) on the star quake strain drop (&) and moment ratio (y). Glitch magnitude of
NS and SS are plotted in the left and right panels, respectively. The maximum and minimum glitch magnitude (10-'°~1073) are bounded by black
lines. The line of 1073 is not given in NS for it is over the theoretical maximum. The shadow in (a) marks the area that y is not allowed in NS. A
scaled earthquake of the largest observed earthquake (i.e., 1960 Chile earthquake) is respectively marked as white stars in both figures as references.
Grey lines are isolines of starquake magnitude, respectively. (c) shows the comparison between NS and SS models. The range of observation glitch
amplitude is shown as horizontal dash lines. C60 in the two models is respectively marked as the blue and orange stars.
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JELS RD P9 P2 A B I A ) S 2R 3 A, FR A RE R RO, MRS A 7R SR N DRI K
Wb TR R S R A R KRB FE T A B R IE B FAE 2 & 2 N R 5
BT R A &, X RSk fErs BEWEIS), Hizd R4 TR RGO & AE% kit
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U121 TAREARINF 1 2R AL H IR 2, I A6 o
e LI 2 1 A I 4R 5 I R (Quasi-Periodic Os-
cillations, QPO) 1981, Fi| FiZ 2 R AR, 45 & [H &4 7 A2
FR) — LR 7 A5 U A RFAE AR, ] DA HY o7 B - R IR 9
G I AR B AAAZ T IR ST 1) e R R ORIV S A VAR
A L9,

B TR, KR AT RE IR TR0 B E A (3 e,
HO A AT ek B s A R R VY B K RIS
T, fEBRAR B 2 J5H — 0 2B BAC I ) B XU 22

B 14 (19128 hoRz ) J 0 R AR i AR () MR RS 72 (b). (a) 2
R 715 T B AL R FEE AR R 82 A SR Ak B i A R R A R R
BRREA)E, BRSNED A R GERBUZ), U8
PR AR —FE S Bh, S EUR K B FEIERIE K. (b) AR
N 012 B 5 B R AL O e SR/, DRI — SR B (T R
2R T 2 18] (R B/ X380 2 WA R Ak iz 2, T BUR IR A iR
IRl

Figure 14 (Color online) An illustration of the glitch process (a) and
recovery process (b). (a) The starquake begins with a cracking of the
equatorial plane below the surface of the star where the critical stress
first achieves. After cracking, the layer of the star breaks along fault lines
(strike-slip faulting) and moves towards the poles like a plastic flow. (b)
Because the tangential pressure in the equatorial plane would have been
reduced by the inner motion of stellar matter towards the poles, some
fragments (in the thin layer between two dashed spheres shown with ex-
aggeration) would flow into the cracking places at the equator, leading to
the recovery of the glitch.
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N BH
B —

- ___[____________:_"_‘::_'
/
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N - 4
2R FINZANENE

2R RANANENE

B 15 (4R D) b1 B (NS)- R (BH) & i F i R AR
SRR AR A R L A AR R BE AL R R T Ak PR s A

PR K RIS B [ A S5 MR, MIJFas KA B R, fE %
AR TR T, GUR 2R 48 1) 5 40k 5 PR 0y 51 798 S T 4
DRI T 397 70 4k 252 06 i, 2 S v ik 380 57 g 0 R A X 3R 38 i A2
W, e, eI R A DX I TR b R AR £ DX sk, 48 i
TR N BAR R — BRI LB M AR 1 B R
Figure 15 (Color online) An illustration of the starquake process dur-
ing a neutron star-black hole inspiral. At a certain distance, the elastic
energy accumulated on the neutron star surface exceeds the critical value
and a starquake takes place on the surface under effect of tide. As the
binary inspirals in due to the gravitational wave radiation, the distance
of the binary gets closer and starquake would take place at deeper places
inside the neutron star. Eventually, this entire process consists of several
sequential starquakes with increasing depth.
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ARG R I U2, e AT M AR R R A A A %
R, WREFURE AR FRIEEAENENEKR.

ik v 2L ) L R A — AN T AR K e R 1 AR,
X FE AT R AR R i R AR R AR 5, bR
5} L % (Fast Radio Burst, FRB). R 5 B 5 & — Fhr 4t
B 8K A 7R 2 b R 2, 2 B2 BLAE O FEL O B A B 2
R, iz R A B T IE10°% P erg, M T K
FHIARE K 2 T 4R (1 = 4. A SEFRBZ v DL E & R A 11,
X ROy E G R H G RAE CHIFRBH AT
76— 5E LL A, SR T FRB A4 3 EC U8 1 K 7] 0.

Fik o BAE S — R B R AR, FAEAE I E R 51 )
e LA 2 i Be AT AR £ FRBFCRE & 75 K. 1@ i FRBH 4R
SF B ) AT DA T H A T AR 5 XOR K 29 8300 km, iX
— R 2 T304 i 7 2 245, 2 kol 22 R = A=
S B bR P B R 2 v B AR RE VR AN AR R TH 5, A R R
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1. 20174F, Gajjar[#] B\ "4k 8L TFRB 20121102A (1) —
HERITH), X— Pyl B REMLEH 14 Gt g R
K, XAHFRBI 5 K Re &0 A1 B A, e EuE
-2, 5HLFE GEit o0 R Bl 4 R e L. s B 4L
HIF A KR, BEAMHAMSEHEEZEMH 12
5 o BR A2 1) R R 5 H RE AT RE SR B A R Y Gt o6
.k, Geit b, BRI 20T LA SRR R B R
H 45 25 (5 Hb 7B AR X ), B35 2 Gutenberg-Richter 7
AR, KPR /A 3R W B R sl Z Al R B,
1 2 16 2 A W 5 1 SCIBE M, IE W e (<55 i N, 8
— R HIER TN, RN, ZHF RN R G
i 2 b 7E [ Omori 8 . X BV 2 2 R S HLE B A AL
B — GE T RRAE: 8 X FRBAH AL B 18] (1) 4 0 P 20 B
RN, FRB[1) S (R IR 47 Mo 2 TR R B AL
KA. R R A ERMN R RSN, EAE
()55 A5 T [R] 3 A7 #0062 — MEIE R R R, XS
K BH B4 A B ) 58 A AN R US). A7 B R FR AR A T g
JEFRBIIfil 2 264, B FE T R A 7 & 1 F A
BRAZFNAE A AR G I 5.

XTFRBI & & B [ R PEE 7L o, H R FRBIT) &
RO FE 5L 3 AT R AE S RF, X R 2D
4yFRBs|1) 5 Rk 2 B A AR Ra R k. 5 Bt A o
#r 7 EAEFRB 1211020455 R 8] 23 A7 61, B 7 R I 1%
Sy AT B I AR I R SRR IR, IX R BIFRB 1211021
T R PP IR AR A A VA AL S AT P 2 AT
T RS ) S FRB 3 AT 3 B, X Se R AL i AR W] e A
5 7N FRB 47038 A4S J57 FH 2 ML i e g 2 177781,

3T B RIE T SR AL T ORE B YA A I R 1 — R B
fil U9 X AT AT B T BEARFRB 2 & R, Bk, 24
TR I R I AR R, IF BT B4 B
B bR BRI B, AR I R 23 A 5 B R R AR I
H AL RR B SR B ) B A 1 S5 AR5 I ] 40 A 52
ERFEL JG—FE LS BB AR R 14T N, TEh
FEAIK BHREBE G v A A A R U9)) (B S it 9 B i
A 5% 2 T 1) R B S 2 AT AR A0 1 o B A b 5 T A 2 K B
R U791, RN (] 43 A o] LARA 8 B R R AR 2 T A
PN A (R BE B), Pt LA 2 R AR B AN 2 i 1 1Y,
R B0 0] e A AR AE Ja] I 2 11 . 3840 et (Rt
Pl ot o 1) SR 2 2 A SR X 20 L A B 1147 )9 BBO1, 354y
# ZFRBs, %I {MFRB 180916F1FRB 121102, fE 3L T A
W PR3 3, 3K R B T REYR T RE A R T RS S

[ B3 AT 2 2 [ A AE B AR BYL SR, A BT AL TE
AT = S FRBsE R I & JPE.

202044 A28 H, CHIME5 STARE2 43 J3] Jit 37 W ]
Bl —AN S ER R S LI, A T X B R A
BRI 2 G B SGR J1935+2154. sk b, BAEF4EH
WIZ R R R O N TG BRI 7= A 2 IRXGT 2 32 R
B 2 v RE AU 25 110 AN BT 902, b 18 S P PR 0 2 1) AN B
BEES I, 4T 58 T B IRTE O 5N 4 b 2RFRBYS
P PR PR 1% % O T 1D P T 5 47 2R R 1A [RIFR B 13
P ARARL, IX B 7~ T FRBIV 4R 55 5 55wl A2 W2 G 2.
22 /7 ) B 37 B3 AN 240 TG [ R B XA A el R A
) v RE T AR, L3R [ () Insight-HXMT 82y 5], % 22
8B AE 3N PRI BE WT 25 R B T X 4k B R B P 2 g 4
Fa, oA AN I 5 B R B ) R 1) LT B, AR AT DA
BN T AT P IR 96 AR, T S iU Hh R B, R
ERAESHBEKIIN BN H, EAEHE AR
29840 Hz I #E J& IR % (83]. Wil i 45 R K B, SGR
J935+2154 kK A L BT M JLRATRES T T — 1N
RS i FE (84, 85]. #E A BAYIR Y % o] BHER AR #R 2 22 7=
ZJE BRSO S R, XA T AR R IR Y R R R
fiph R 3K A S PR R TR BB AR .

FHELTFRB, FRAE FEAH G B 7 BRAS 1) S 2 2
K32, BB GHE M B . A sk 2
H 8 TR AR I 3 1 (Glitch Activity), 00 _E
R UT I GTHREE. TRAE AT T BB BUAE S Py AT
T ARSI T 180, 28R, BE A KA BRI R, RokiX 7
T (R BH FC A R4k

3.3 ENHBHBTRS
331 [ElZEBmiRH R EREREVIIE

EERUN B KRE R ] fe 20K H B AR B ik
i, IR LR t BUE B IS AR e . B AR
E42 ) 9R % L FE FA 8 (Toroidal )R 20 AT 3R 7 (Poloidal ) A
. BB )5 R AlURE 1 BT V) iR 30, 7ER i FE
HOE AR TR AR R AR B 5 5 4 1 2 B SGRAN
XS 2 ik B AXPTE B R 2 J5 20 HE A v JE AR
Vi IR AT BB AR F AR PR R A A s Sk 1y 87011 BR A 5
SR B AR, [FE B 2 m A AR . PR RS
FCAR LA HRZ A U B 21, b T A R PR s T
WS T FERNE R A B DI Y = (u/p)V/?, A
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BIYIRLR, ps2 %L, B LA AORE S 4R 5 2 F T 8
FE R I ) 2 R

B+ 2 B miRH RN FIE AR

FH TR0, S 2R A 16 21 R AR R BR B A2 20, G v £y
bRn AR TR B B AR ) B, RN IR LR AN
RBL AR S B 1) 1T A AR NS R AR AR 3 0
A — A 187 B R ik T, BR AR 5 1 B AU 20 T,
RoToMal R A, AR ILIRAS, 0T #ik T 2 4%
WA — A e, X B R RS R T
fgl e, XL X R AR AR RS LU AR E S 4
G, B BRI A S T LR SR F R A AT
B AL, T DA B HH PR 2RI 355 (4015 Dy

QC+3)(t-1)v
f=="% r
Horh, R BRI BRBR G I B 0 S,,
HNoSofREAAZ IR, oS 7 B AR RIS, i
TR PR, PR R R IR RS 2 I AR U
46, Witkd ik, RSB MBS, TERBITALT, BRER
ALY
[2Q2¢+ )= D12 v

27 R’
PR R AM = 1.4 My, 4R = 10km, 1] LAk
S RS A%

3.3.2

ey

fGOS) = )

p 3
T,) =488 Hz| —————
f(oT2) =48.8 Z(1031ergcm‘3) , 3
u 3
=61.7Hz| —4/——| . 4
f(0S2) =6 Z(1031ergcm—3) “)

PR B R AR T B A P I B
TX PR R S L A ) A A i 5 00
ik

333 EHEERIVMRIA

BAM I ) £k 85 & F(Soft Gamma Repeaters, SGR),
R MREFHMNBERILE, ZIREIE TR, ¥
BRI TIEF1015 G 197943 A5H, B2
FH KB ER A RZ e s — A EEE KX 1 E
458K FHIESGR 0526—66 193941 £, 8 — A4 1] B
SCH K. SGRE K ] LL5r 33K, i ¢ B [A] & K,

HERMER AR, et EsRZINEE
M. B H AT Ik, ARG R B R R =6, B
TSGR 0526-66LL 41, i AL FESGR 1900+14 PSIFISGR
1806—20 671 ## & (1) ik £ b U O B ATk
109747 erg 57! BRI HEFL © R W, SGRIL G AE F
B ZE K 7N 43 A T [R] AL | 5 b 7Rt A ORI
AL 8991 e oh, NATTIE R BL T — R B ALE NG
WIEEN IR (5 5, SR VU 7E18-1800 Hz, FRAE#E
JE SRR QPO. e i BAYIR % B B #E i R 2ok B G 2
B R, LT HhAE, X PP 5 nT LS BhERA T HE AR i 2
Y PN 308 225 46 DA K 3 s AL

U SRR B R R T B, YRR AR O AR ] RE YR
Frp 7 B 5 3 B0 SR an A G (8 52 2 5
M, R RE AR L I 1] () 25 v PRI AR, T LA AR A e 10 1
R, 140, SGR 1806—20F 4 Hh W il £ 1118 Hz)
A2 SGR1900+ 1455 44 WLl 21 (1128 Hz ¥ 43 %, &
& RIEBUARI S R, S = H IR R R A
ERML AR, WIS S50 KL T AR, AP AR
TRARZ R (5 5 11001,

r T 25 A7 1 A N rP e B R A ) 26 T AT A
I, BT DA 25 35 1 2 1 BY D) B (~10%% ergem ™) B L1
B (~10%0 erg em™) K24 B &= 2, @ ik vk B ORI,
] 25 25 7 B2 A ] DLAR S b R R 00 00 1 £ 2 v 1 AT
2 LOUL i st - 4 15 S5 28 7 550 3 = v 0 0 81 (1 62
R, JATFE AR AT BRI B T [ 7 75 7 B R e
HEE, BTFE S0 = A A O 5 4p,
EBRATHI AR BRI FE T R %5 e F AR5 FO AR 1
SOME, RISREB > 100 GV, IR R A 2 kA
BEMA, XA R B R R R A
HER.

4 BHESRE

ik oft R SIS R AR BRI AR Jo 52 TR S AN B 2 A
A RAT Tt R e, A AT R B45 51 DE NI 2
B R ICE AR A ARG, KRB R 2 R IRE
BRI BB R 0 E R BRAS, XS - 4
2B, DR HLRRSE) B VIR, MUR R AR EN LI AR
WHTFUTCEEA Bl T 2 A4 P F8 B 20 R 45 46 77 T AR A
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P IS I 7 FR) i T DU T e ik A s AR B0 B 1
X e B ZE R S SR A R W G 2R,
AR T, HE— B, X TR S h T RIS, R 2
R i B (Magnetar), 437 7] GE 2 ¢ B H (an Ji o 1 2
I R FL I AR 7 AR A I R g R A S 5 = R
BT, 5E AR T AT TR HEAARNIEE S
BRRIEIRAR B AR P, X ZE R AR EZ
KE.

I B TC VRN 18 I8 3R R A R Bl i R kAT
ELEULI, FATR Geidid 4w S AR 15 BT — 3, T
HMERIAEY. T EUR R B S T W o, 7 sk
AR REAT A B T R AR R B AR Y S T R
K HBUE RIEHIE 5 5 5 e R AN 15—
AR BEAT HOX, BRE IR 2R A v B L S AR
M, RAEAERBER bR AMENE R B i B —— i, R
TR 5 808 R R S AR AL A, 1K AE A BEAS
K5 = Z N0E T 22 7T 8B & WA AR SR TR
ARG IE, B0y 17 B8 S 4 holy — 3 HEAT X, 3K
H EHRAET 2R A FHMEE. AUk
W BT RAT E, HeB) B R AT, AT, &
R BR =F PRI G KRR R, R T M R B T ST
) B2 o A TR A TR g R i R SC AR I 45 Bt — 2D e 3%
IR .

500 m - 4% BR 1 S A8 22 32 4 (Five-hundred-meter
Aperture Spherical radio Telescope, FAST)+20165:9 &
25H ¥ B, EE120204 1 H 11 H 5 il E R &6k, & H
HijH 5 R B R AR A L B g 1O 103 e
BEAT kS 2 bk b B2 I, AT R B gliech S 24 1 1 40 1
IS A5 S DA B A I J ke 2 2 e ) v kG P AR A, I L
E % FRB B A2 J& 47 M U 38 v kG P S S R AR 15
&, [104,105]

51 77U 2 e e LG R A 4x K M W 2% (Gravita-
tional wave high-energy Electromagnetic Counterpart All-
sky Monitor, GECAM)& tH: Ft & /™ & 1T H F 5]
73 B ven Rie PRI OGS IR A B 1R /N B A ] e RE B O
T2020512 7 10H A5 . BRIk B 58 1
T RE G AR HEAT TR S RS FE LI, I 45 HORS B

= 7 A5 S, (1061081,

[ A7 1) 1) 52 DR 397 32 #R £ (Einstein Probe, EP) T
BRI AFLE, T2 T 202444 RS T+25, A1
BROXES 2% BT R XA 7 B 3 o R e, e 8 3 4 1k
Hb VI 5 RE R LR 4. EP A R K A3 24037 Al
W v BRI R R, K e BRI B A A TR XS 4k T LU,
BRI 0 25 B 1R X 2 8 TR A4 RH B 5 1) e
RS HE 4 R X 2 4 5 PR, R AR X 26
TR A A S5 T Sl R SCOW I A A 1109- 1101,

B — AR SO A& RV KL N K B iT
TR 25 R I A2 A5 5 i PR TER B, B DA e R B AT
Jo B M, X e R AR VRS BB IE AR R, K
EARTR BN IS AR B TR DB AR, TR, FEAAR)
Fok, FATEG RS RS E ERE E, JRiEd SRt
FE I 21 B 53 AT O, A B 15 35058 R AR 1 o =
Pt RV PRSI 2 2R, I i k] ik —
0 HE W BUR R AR ZH A 5 ) & P S IR A . X,
HIERNBUEREAEF 7RI AT 2GS b
— M), A BT HEER R iR AE B R SR
PR IR AL,

EHAE RN & TR EA 2 HE R 1E
B2 B, Landaudf R 58 & %1 2 K 1“1 4 BEFR
RCERZT. AT R R, R BH & BRI Y R B,
HEFHA ~ 107, 15 FAZIXA ~ 10% EATZ A
FESSNHER A ~ 10 P i 5 Bk, HA
FLITR IR R AT F(REE R N A7EAE), W H EZ
1 fHR/MY10 pum Aoty AHERRAE T8 RV A 2
AT BOX 281 B, FRE AR bR RS R HE S A 1 I
W o A e . A I AT A e gE o T i H BRI UK
KB H R, W RAGREI . w0, B ARG =mkoxt
M55 e S50 7 T 3 AR PRI B Bk A 3R AT A
KA, TREURIE R I, M B A i Rk 21318 52 1 5 7
RS, WTOW BRIRL 20 i B 2 W R ARIZ 3y, I 28 HE
I AR 1 B T T BB R, AN W R )
NI £ 21 Bt AR B AR, NN B R 1 b
O H PR AT 1E, T HLRE B8 B0 5 2
W — B AR, AT 5 — AN

st R HT2023 485 Fl ZEFAST & 41t 211 #7 8k J2 08 % i “Quakes: from the Earth to Stars” 2 LI BT & & 7, 1 54 F B &
MRRWF T, 2B EEREENZ %, 5 F BOMFASTR A 3 Ak 2B A 71 8, D A1 84 20 T B 3 B

2 FRHEZRMRE 2V T2 &
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Quakes: From the Earth to Stars
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Investigation of the state of dense matter, especially at the supranuclear density, is closely linked with our understanding
of the nature of quantum and gravity. It is still a hot topic in the new era of multi-messenger astronomy. The compact
objects formed from this dense matter are the remains of massive stars left after the exhaustion of their nuclear energy,
providing reliable targets for astronomical telescope observations. All nuclei within the core of a star compress together
into a “gigantic nucleus”, to be manifested in the form of a pulsar if the mass is not so large that its self-gravity can be strong
enough to collapse into a black hole. Currently, no definitive opinion on the nature of dense matter exists because of the lack
of understanding about the rich effects of nonperturbative strong interaction at low energy. However, clear observational
evidence demonstrates that many extreme astrophysical events, such as gamma ray bursts and fast radio bursts, are closely
related to gigantic nuclei. Solid components exist in pulsars, enabling starquakes to occur when stress exceeds a critical
value. The starquakes are analogous to earthquakes on Earth and can further trigger explosive astrophysical activities. In
this article, we first review the historical notes on dense matter and briefly discuss the physics of earthquakes, relevant
theories, and the similarities between earthquakes and starquakes. We then introduce the observational aspects related to
pulsars and present a theoretical model for starquakes and an outlook for future studies. We hope that our effort will lead to
more interdisciplinary collaborations between seismological and astrophysical communities so that the nature of gigantic
nuclei can be revealed using advanced multi-messenger observations. This knowledge will help further understand the
fundamental strong force at low energy using gigantic nuclei.

pulsars, earthquakes, asteroseismology, nuclear matter, free oscillations
PACS: 97.60.Gb, 91.30.Px, 97.10.5j, 21.65.-f, 91.30.Fn
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