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YA T FE (equation of state, EOS) /& ¥ i 7£ — & MBS N B @RS #1252 05
P2, R TR N EEE A AR M. T R EOS 45 R AR A SR SR A R
BHEENRR, BUETEANBEMKRERGEER. —Hd 72 EOS ##iE 1, EIRKmR
SRR AT DUd I ] ORI R RS T A )5 P4 7772 (Tolman-Oppenheimer-Volkoff,
TOV i) skl™ ™, F5EA:
dP(r) _  [P(r) +e(r)][M(r) + 4mr®P(r)]
dr r(r—2M(r)) ’

(D)

dM(r)
dr
o, e(r) #1 P(r) S HIFF D FRIVERZERER, M(r) #5hFERE.

EOS & f bk M T % 5 %% Ho Al (380 EL AR, i T8 24108 T 630 /1% (quantum
chromodynamics, QCD) i B4 fIMIGAE JE MR RS H A REMCE — PEIR BB S 1T 52, TR
B B A 2 AT, 5 RS 2 Ak 2 O TR R R AT R 9 ke 2 22 WL R
(R, iR, PR 5B, 51k WillE b2 EOS Al 45 Wk 5
o T RSO0, B bk. Z5Rh. 2SRRI EGREE A TR T — 25kt BT,
LR R SRR RS T, TEE PR B3RS T Mt T B, g, /N B
—rh BRBISC. AR TR ZE B AR T BOS W IT P SER A AT TIRAR R, B
BT EBRRRET ™™, B, B NI T E R L2 T R B T Shen
EOS, DA B0 il g I 75 %5 B T I 0TER, 1T 7E EOS AT 5T - 3k
By AP N TR T TR BN % R SRR IR, DL r R R
PEAE T T EAGRL T E S, RSN IR T HTEBR, & KHNEm R,
fATTIN A e S0 R AR R B T T R KR . A AR B BB
N =R GW170817 IR T %752 EOS, & GW1T0817 il fE el T (k) T e, &
T A I R T 5 S A AR S8 MR GW1T0817 252135 6 LI B 1) 7 o
TR KT B AN AT AR AR I B

52 2 USRI (BB R R EE. KW R, HE
AR DL B BRI 9 Ent, DA 2 s TR AR R b, SRR AT 4
WG 55 3 S A LAESORT B M g8 5 R 2.

= 4mre(r) (2)

2 ke LI Gy 249 by B A S A

A EROC Y I A R e B Bl SR N, o B AN AR R vk B ) B 3R A AR T A
JitRBE, FRE 500 m HARERTH S B B 7668 (Five Hundred Meter Aperture Spherical Radio
Telescope, FAST). AR EAERHIFTIELTT & 110 m SR ETHE. ZF K 120 m HFEER

Phttps://user.numazu-ct.ac.jp/ sumi/eos/
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BRAE R IR ST M BE e B 1 B TR} 2 H b 2 — g2 S AR SN S B ok v 2 RN, o Gn =20
ZFPHKHE (millisecond - submillisecond pulsars, MSP-SMSP). H ¥ £- 7 (neutron star -
black hole, NS-BH) 25 0U2 R %5, Wil 51 ™ ™0 kot S 1E o 5 FhL B 520 5 4 0 ) 6
Hr, FLZ MBI 5 BB A 7 DA oM VR TE B AL, BRE T2 WS g5 A B 540
Ry DA U AR T S AL SR B A R 5 [ ) B R AR

2.1 BOREBEFN

ik b B B e MR S Ah AR DS T B R, R ko B B R R B P R L TE) S %
— FROE I R SOOI AT B RS Wik B AR R VAL DT SE AN B A JE A RN a3 D R K
M= Rkt & (millisecond pulsars, MSPs). ‘& MUk b 2 B ¥ 2% — AR, =27
Jik b B — M B % B ATE 30 ms DL R BBk . 1967 4, N FSAIN B 55— FE FK R 2
PSR B1919+21, P = 1.34 s; 1982 4, AWM F| 5 —PZM kb 2 MSP B1937+21,
P =156 ms; 2018 /4 H 18 H, FHE KAYH BB S FAST & K M= ikt £ MSP
J0318+0253, P = 5.19 ms, F1FF|EPRINIE; 2006 45, Hessels 258 A F 4% 5 5 fL B 5%
FEERIR R H] Terzan 5 ORI T HFESIZA 716 Hz ) MSP J1748—2446ad (P = 1.40 ms), ‘&
FEICS NI R I B e R R = R ik b . R MSP J1748—2446ad (i &/ 2 M,
(Mg R RKHFE), 4@k 1 B D53 REER %N T 16 kme HAT, MSP
J1748—2446ad FJH TR H 5 2 B A ER. BT MSP J1748—2446ad [ & %5 B 4E %
%, HHMZIRE (LONEEN 40% ), SEOTHIRNAEEIR K, XK /R 7] BEfA7E B il E
SRR R, B EEFb KR (submillisecond pulsars, SMSPs)™ =,

APk R 2 18 B N T 1 ms Ml e 122, & FAST KRR B
brz—, BHEA Bk EAR b1 B2 5 v 2 G g 71, 8 R I Re i 50
FRNHREGEERBES YR, TR R TR 7 3445, 1998 4F, Madsen™
SN = AP ik B2 AT B e 5 v A R I B 7T 1999 4F 10 H, EEATT MRS (National
Aeronautics and Space Administration, NASA) )% P4 X 5 28 5 AR PRI 2% B F-ERI B 7 B2
ANFE X SR XUE (low-mass X-ray binary, LMXB) XTE J1739—285"; 2007 4F Kaaret %
NP1 Zhang 2 N i HAFFB R 1122 7K, P = 0.89 ms; 1 2020 4 2 AR 3 A, Bult
s NG I R B 1122 He FEHIE, didb i1t 4548, XTE J1739-285
RUTBe B 2R 0 55 W1 2004 4F, Han 22 N {4 ] Parkes 64 m 4 Fi 2 38 5 %of 0
ZRP Rk R BT IR, 45 RREHRENENX I RAR: 2009 45, Du 25 N B0 227 o 2
(3 9% WL A1) 61 T i (0 200 7 3 AT S RN IR 505 2019 4, Han 25 A FAST %4t
BRI, 51 7 FAST 3 i fik b 2 P IR R BRI K (galactic plane pulsar snapshot
survey, GPPS survey) SR, AH L2 /i e = 800 5% IR H PRI L 3k Bt U5 B 41 ik o 22
K (pulsar arecibo l-band feed array survey, PALFA survey), GPPS K & i oA 5 2
A NEN. BubHET, FAST fEE TAE] 2 a FIB AT CORLZY 500 ik 2. FE
FAST K AR B B SRR G J A HESE =y, S0 T WA ik rh R X 2R 45 S B AR R DR ARS
RO 2 Se 3.
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2.2 BOHERENE

4 PR EL 2 Mo Kk 2 —— PSRs J1614—2230 (P = 3.15 ms), J0348+0432 (P =
39 ms), JO7404-6620 (P = 2.89 ms) Ml J2215-5135 (P = 2.61 ms) KMk R, FA &
FRMAESRE TRE HIEET ™ gedh, 2019 4, EEEOETHE IR L E (Laser
Interferometer Gravitational-wave Observatory, LIGO) /{7 T & K F 1) % & B4 (Virgo
interferometer, Virgo) &K IR & I 51 HPAG 5 GW190814, INAHF N iZB & HREN
2.5 My ~ 2.67 My, EHR, CR—BARE T FREH R — B mEZET ™. 2021
%, Logoteta 2 N F| F & T £ /A # & Brueckner-Bethe-Goldstone 7E Brueckner-Hartree-
Fock IE L N A BRI EY B, tH5E 7 IERE i+ 1 & (protoneutron stars, PNSs) [ 45
MIPER; IR T — MR AN E (D8 2 My) BRI ATATHLE], ST XE & h %
fF GW190814 w72 BH-BH 3 I 3X — WLl BAT HE R e i+ 51 Dl 9t 547 487w
GW190814 FFrp 20 B AVET, 1Mo e XM 22 7 20 2 R, R X b 2 2
WA= A 2

Pk o 2 5 RS A DU R AR R T EOS A RO V. (2 ik B2 5T D 1R L Pk
P, JEE R R, WU T2 RS (double neutron star system or binary neutron
star, NS-NS 8¢ BNS). ¥ E-[HERE R4 (neutron star-white dwarf binary, NS-WD). K
i X BRI 24 (high mass X-ray binary, HMXB). /N X B2 WE 24, T
E-FJFE RS (neutron star-main sequence star system, NS-MS) &5 i K A4 R G480 7] 3k
Rkt B EEE. BAT, SUR RS —/ N ket B Sl 7RI E; XTI
Hi7 & (isolated neutron star, INS) M &, 24 72N EKDHFNE (neutron star interior
composition explorer, NICER) HAA —Hifikf £ MSP J0030+0451 (P = 4.87 ms) K&
WA (AR HME)™ . BT NICER BEAT ko 2 5 5 I 7E AR AR bkl T
PR PRI I [ /s kb e AR R RO UR I SR B, DRI > R R 22 BT b B B & 4TS
SRANAT I &

SR, BEAE ket BT XS Z 006 22 R SO AN T & e, o 25 JLH4E N B AT
5O T B kb R R AW G K, X AR Gvt b HE B R & S A RRAE RO T e
HMYRRESMOY TERREYHGEE: Pt ERRNE, @i 5 RAR SR R
AL UL B AR EOS #Eh v B E A BT 7R R MIRRE. 1999 4, Thorsett
I Chakrabarty  [51J5 7 45 F ik st J2 00U J5R & 9 8 o 119 2% 38 1) B8, 2005 4F, Lattimer 1
Prakash™ J& B b 72 ) B IO R B v s 7 WL IVA R R B A IR, R T H AT AN
Kk FRERENEGEES Y, 2011 4, Valentim 2 A FIFH ULIH 35 Gi 113 % Fh & 55
HERAFI 54 N INE ST T, BRI TR E S A, R AT S
IR TT e, 2013 4F, Kiziltan 25 N[5 BT 55 o ko 2 000 S0 8 0F 45 H EAR VT, 3
2 VI I DS 7 () b 7 LR R A A AT AR O 20K 2018 4F, USSR AT TR T T
BIRES ST KB TT, X 63 XN R iy 72 Fidb 12 il & i s 7 Skt
F, ATy T R AT REA Fe #2348 kB B2 0 RN FiL 1A 3R B B R R I A 1 7 e [
4, Alsing 25 N0 R A UG UUR B G5 R T BT B A2 A 0 T ik, ORI
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DU R 25 7 AR T B R AT TP AR AE RS AR K R A IR s, e B
SRR A R AR T4 B AT R R TR A HEIRT RE B8 0 Hh 1 2 EOS #EAT AR
MIZ13K, 2020 4F, Shao 5N HEH T Alsing 28 AMIZETHEE S, HA W5 R E RS TR
BEIINE] 103 B RAABUET 72 EOS 7775, X BNS & IF i Gl Kt &1 &
(supramassive neutron stars, SMNSs) KRBT 705 mAL T RFED T RS TR
1k, BUERCELRAIA. AT AL S IR LY. B A 68 B S ER A B i
2.3 BKHESINLAR

kb B B EARKEN &, Rl AR . Ik, AT ket B R BRI R
[AIAF RSN OR R YT ko BRI FR ST S 2e 1 51 DA 5 BRI, AR AR R 2L
e HXS kel AR, BkehERE S TS a0 R R SO RS — Rbkeh 2 1 T E A 51 )
IR EAE, AT CARRIF SR A2, DR, 0B kb B2 SR AR S 1) 51 D 2088 CR
ABFSCH TR BOS MIHREET ™ T SUHHESA thE AR 3] 4B 0 R o6 & (LA

z:<12]];4>_ S ()

454 TOV Jite, AR BRI 5] I .

Tang 25 N 78 2020 £EHEH T — R0 51 0 208 MR SR A o o 7R SR B 9, B
R 52 51 F7i B s. A% S0 F0 Ak e #4 b 1 B B OK R R 4R K EOS SR e W 9IS b 1 2 1Y)
JiE. ERXFPLAR T B H TR EOS W LA — R KA TOV 77 #2159 2 10 i 8-
A L, AR5 D AB-FERBESA, RERESES HAREL Th 12
A B EIE . AR %7 EAS T T 185 A2 (Roentgen satellite, ROSAT) A I H)
“The Magnificent Seven” (M7) Ht 3 il #4%a H it H 7 5 I SL 1 2 RXs J1856.5—3754,
J0720.4—3125 F1 J1308.6+2127/ RBS 1223 [l s, KILAT LUK RIAH Y= 0RE 5, Hkizy
P T EICLh FRE R E SRR A 2. 2021 4, Sen AT EYF A IRIEE EOS
SN TR BERT B ARG AR Rg i, A e 4 S R H AT T R R KIS B Al
BRI, b B AT R RS AN EAETE Zs = 0.35 (EXO 07482—676), Zs = 0.12
~0.23 (1E 1207.4-5209) il Zs = 0.20579:093 (RX J0720.4—3125)""". Sun 2 N\ Fid %3
ARG T B ZAREIRN 11 /> EOS, 1 TESAS, —REESN I 9 3 =Fifh
ORI —H s 4R, HEahibtE (SUaaiE) Mol s a i E X R, NPT
AN WL e HE DA F) e B B 4 T T
2.4 BHEFHHRE

WEFCRE, RSO E i fiik e 2 00 7T 45 21 R AR BBt i, N E A EOS # A s 40
b BAASRUE, R RS AR B IRPUERS & SRSy, RSO I & R R
BEB) L W] DASRAS B A0 R A, Tk BN R O 5 U 2R G T R S AN R 1 A
9%[5-5]0

FER 7R AR D, B AR AT SR AR 5 R R RS, W TR g e

N
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B, BRI TR, FEMUZERRASER R ol LA R (FLAARN G = ¢ = 1)

2M(r) ]~

1
ds? = —e(Mat? 4 {1 - } dr? — 2wr?sin? Odtdv + r?(d6* +sin® 0d%v) ,  (4)

r

M TR Q2 FRWLN B B TE T AL B R A B EARIESE, w Ko RSB R 1A
FEo @ = 02— w FoRJEIBARIE R 36 RAERL, R o TR

d dé 4dj
%4& [r4j(7") Ojlgdr)] + - ii(:)w(r) =0 . (5)
E':P?Fe'lga(q)j‘b r=0 FMFMHr =R &, #HENX B) WLAZMER 0) =0, (0. BPUEEH
" dowo(r _ 2J
ﬁ)’ 77":0 =0 *D UJ(R) 02— ﬁo
j(r) &SN
jr)y=e /1 —2M(r)/r (r <R) ©
j(r) =1 (r>R)
v(r) RoRER, W T RN A
dv(r)  M(r)+4nr*P(r) 1 dpP .
dr —  rlr—2M(r)] [P(r)4e(r)] dr 0
1 2M
v(R) = §ln (1 — R)
¥ BRI E T USN:
_J 8 @) [P(r) +e(r)]
I__Q 3 /0 re 5 X 1—2M(7’)/7’dr . (8)

45 EOS 5 TOV 72, K iR HE T LIRS B2 AR 1) % sh 10 &

2001 4, 283K NG b TR A Bl AR M AR B T R I R T 4 R
X PR e 0R B REL, A% A ROR R B K RANK, BRI IR SO IS Bk v A2 B 15 )
WE AT T LR R A 0T R 48 R 505 5 PR A 5 B R A BUE, 351 29 31 2 & EOS.
2003 4, Bejger Al Haensel X} #2IR 2 2 ik if & ()5 a0 s 34T 7070, HEWTH RN (97
+ 38) My-km?, FERIHEHIE %Dﬁi*ﬂ*hZ[Eﬂ (R A S I R B Al v T BR . = kb &
R, SR TERE Zm R E™ ™. 2005 45, Lattimer fil Schute’™ {8 T
XK AR 48 PSR J0737-3039 ' A BB, 5 @i JUE RN 5 1% 2 5 3h 5
EREIER] 10% Aith, X EW ARG TE B 1 ~ 2 £ i A B B I B AR )
i, ISR TR EOS KH MRt A LR, FREE 24 EOS #Iih
5, Lattimer fI Schute 45 T a3 E S &, FARMRHAER A, Y M/RELKR
T 0.07 Mg -km=t B, BRI ERT LUELUN:

M M\*
I~ (0.237+0.008)MR* |1+ 4.27 490 <R>

9)
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2010 4F, BAEEMIKET I T HIX S F LA T B B4 70 T 00T PNSs H#%3)
e, 48 H A A T4 PNSs #3015 8 B K. 2018 4F, Hong Al Ren'™ 5 T H 4 6 71
W, EFEFRNTHR A E T RBEEKMAE PSR J03484-0432 [ shHiw. 5177
RIS, 4, Landry #1 Kumar — FIF B IS S GW170817 4 o ¥ R MW 4
ZE RS H PR ES Y IEESERNRRN, HiHEH MSP J0737-3039A (P =
22.6 ms) FIEEENIIR T =1.15793% x 10% g-em? 2019 4, Lim %N £ R4 X7 EIL A
BRI R AR, H: T A% A %5 22 ok (1) DU B 23 A b B0 MSP J0737—3039A (1%
FEE. MSP J0737—3039A M= E=E A (1.3381 £0.0007) My, fE95% MEFET
HEEHWEAE (1.04 ~ 1.51) x 10* g-em? FFEHEN, HATREFMEN T = 1.36 x 10*° g-cm?
MATTFRH, AT (1.3 ~ 1.5) My JREX P HF 2K, H2Z0 0 E N TTiRe 5
SMEEEHIEI 1% ~ 6%. R¥LL 10% KIREEEX MSP JO737—3039A (%4 S5 fidk 47 kb 2
MR, iR S RAASHT LRI BEAZA R, HRRIWE LR R, o
DL EOS 1 DU i AT 40
2.5 SlJEEERNINA AR FENSHE

51 02 5 R T AR R S BT, 25| Jyicn i Rk 5 ko 2 2 (R R, ok 2R
HH ) 5 HL i i 8 T ) s A el 2 kR A M R A AN R K, S U BRI B R B I kS S
H L S e R S B AR K Rk BA R AR T KBS, A A SRR R 5 0 E S B
WA R 51 05 T R R T R A W ? BRI AL R AR — R, TEANEEY
W N RAERE. TR REAMSHI RS, BN IR ERE BNS,
NS-BH Z4ifH43=557 ™, W BNS 5t NS-BH R4iJ5 MMINEIT. & %5 kg
] DR USRI BN S A = (2/3)k(GM/R)™, '©5 M, R Ml ky HX, ks
Wi T M/R 1 ygo

yr TEERAI R AT

dy(r)

4 Tur) +y(Er) +r7Q(r) =0 (10)

r

He, F(r),Q(r) %& e(r), P(r) f M(r) FIRE, 75HlERRA:

r —4mr3[e(r) — P(r))

B = =" ) (11)
e(r)+ P(r) 6 2
4y (55<T> + 9P<7") + 86/8]3 - 47‘('7‘2) M(T‘) + 47’[’7"3P(’I“)

Q) = 20 () . (1 - 2M(r)> - 12)

r
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Love 1 ko RRN:

e 3 (-2 w2
2M
R

20
{ 6 — 3y + 2 (55 — 8) + = <2M) <

R R

oM\
26 — 22yR+7 SyR—Q)—I— f (1+yR)

(120 fover -2 m (-2 g

i (10)—(13) F4hA EOS, TOV KL% y(0) = 2, P(0) = P., M(0) = 0 3Kfi#.
H, ARTHTXHTFE EOS. F&E. &R, Sl 5l a8, EafiESmnsn.

2015 4F, Bauswein Fil Stergioulas™ F8H, T4 5T BNS & 3EH0E, M4 2507
Za DM EH R B E. BRMBRERE TR R K&, 2017 4, Chatziioannou
ae NS T R AE R TR BOS, 3311 EOS 5 ST 5 I B R AL R 1 h
FR W AN 75 2018 4F, Zhu 26 N TR T —ANE R KT E EOS, B
QMF18 A, ‘B n] IR GF Ak B B S % YA i, K0 & ik eh 2 A
Bl A1 (S 5 GW170817 [ I3, 2020 4E, Kanakis-Pegios 25 A 3 F 553 ff) INS
BNS ZR G005 f 78, $RE T — Mk BNS A FEanmw AN & 5 & ok 2 B E Al
AT RE RS T BRI R AR i, B R0 TEAE B R e T3 EOS, T K5 & ik 2
I EAE G T EOS; JRAESI I S5 GW170817 1 GW190425 Z138 N A =il k2
b1 B EOS, 8 HARKRE 5| Sy BRI AT LUSE =g 23 ) 1 22 EOS. 2021 4F, Tang
s \ T 8] 41945 B GW170817, MSPs J0030+0451, J0437—471581 4U 1702—429 115
AN EE, RIS EMESR EOS BT Nt 2 8t s, FHRAFTFENEEN
— A ARATTHE B E ET IR SR AN R DA SCHR SHERR AR AR, PR A AR AR A A A
(R B AT L BE SR, [F4E, Han S5 N 0BT 2S8R IR T T — M mlEs 807
1% FFNN (feed-forward neural network) SREMH 5 EOS. FHZT77%50 4 7 GW170817
HAR - AR P E 2 PE (mass-deformability measurement). NICER i ] MSP
J0030+0451 JiE M EAE S H X A2 R EE; MFIENFFREME, ST 0% BfE
FEF, Ayg = 3297322 Ry, = 11.87712L km. [4FE, Xie 1 Li™ 3T LIGO/Virgo Ml %
) GW170817, NICER Al Chandra 8217645 C4R&E 1) 1R W 7 B AR (R R ST N £ s, HE T
HH AR BOEE B P R — B R - A AR ) S 38 40 A R #R (probability distribution
functions, PDFs) #1 9 NS HALI E AR EOS MO [FB 208 7 IEW H -+ 2 W& e i) i
(quark matter, QM) Fr & i & LU H B AR AR, FR 1 e AR B OR i = 2 R A
BT UUA BRSO Bt DL S E R Uz ) B SR B 2V R IM BT A R 1 2 EOS,  #RnlHE S
FEEM R TFRASERKENS YR, 2021 £, Kanakis-Pegios 2 N 9 k#5817 16
FTRAGEIZHT, WX T EEW AR MG 155 e, 8 R ER T
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1 MeV 1550, HCXFig TAS [ 540 A 1] 2205,
3 MgiEREEH

LR PR, ARERk R L AR GRS T3 R R RN R A ok o 1 B P9 S A R R )
MR R Pkt B E LIRS (EERE. UL SIUARS. Fesh BRG] AR A
R ARRA K 7 BV ST RN R T 2 A RS MR EEZANPT R TR — Wl
Rkt R I B AR, DRRAE T 7 AT R A R PR A Bl T B A R T
ARRE IR AT RERC B SCBRE F s B I ML 2 AR ik B WP 7S, T DO 2
DS R, WD R EEER G 52, MR R AT REAEAE 15 & AR 5%
PR B AR I T B R E AT IRE, ATBOE AR SRS Y, W
RIS YR S B AR E, Ty B W2 SR -5 50 A AR AE ) A e i A 24
TOIT G FTHFIKI R R G K BLRE WS HE S R SOW Ik 21 X 7 ko 22 2 oh 7 IG5 T
BWARTE. 51 1B MERAREA T 2R, PR R AR, RRRICU
DR RS BE 2 (b7 B R ) B BRI AR, SRkl 2 51 DL ORI RE s ARk 13
55 IR R 5 2 (R A Ak R B R R B bk, T R R T
B-FBH R G RAEER, A RN S 2T RR AR M IS, e AT i i i E A %
WX AN, R B BT 7 2 IR, SO 3t BATTR b 2 N AR

AN T TEE

AR AR SR Mok o 2 AR 3 AR 2 R A 2l ok o 2 2 WA S A M 0K b 7 RS T
REZRAFRIBTTL. FATIM A7 Rk o 2 S HL R GO IRIN 25 R IR & e faon b 1 2 N iR b, it
i 7 2T R w7 SRR (e R AT Al SR RO R iR R T &, S8
BLBR VAR A0 R SO 52 SCAGL 36 1 B AR A 2o

EEPEE
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The Possible Constraints of Astronomical Observations

on the Internal Structure of Neutron Stars

XU Yan!?3

(1. Changchun Observatory, National Astronomical Observatories, Chinese Academy of Sciences, Chang-
chun 180117, China; 2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing
100101, China; 3. School of Astronomy and Space Science, University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The detection of deep space pulsars is a key factor that constrains the equation
of states and the theoretical models of neutron stars. In particular, the process of observ-
ing the peculiar pulsars and their systems, such as sub-millisecond pulsars, binary neutron
star systems, neutron star-black hole systems, etc., has played a very important role in
understanding the evolution of stars and the true internal structure of neutron stars.

For example, the extremely high rotation frequencies of sub-millisecond pulsars may play
a key role in constraining the equation of state of neutron stars and verifying the evolution
of structure and mechanism in the rapidly rotating neutron stars. The researches of the
macroscopic properties of sub-millisecond pulsars can provide important clues to whether
quark matter can appear in sub-millisecond pulsars, and whether there is an association
between the mass range of sub-millisecond pulsars and the possible mass gaps of neutron
stars and black holes. The discovery of peculiar pulsars and their systems can promote
astronomical observations to find the effective ways to distinguish neutron stars from quark
stars. The measuring the surface gravitational redshift of neutron stars provides a potential
method for constraining or estimating the mass and radius of neutron stars. The detection
of the gravitational wave signal in future will extract more data that can be used to constrain
the macroscopic properties of pulsars.

The article reviews the progress of research on the internal structure of neutron stars
based on the latest astronomical observations, including how might the rotation speed, the
mass, the gravitational redshift, the moment of inertia, and the detection of gravitational
waves be used to constrain the equation of states and test the theoretical models of neutron

stars.

Key words: neutron star; internal structure of neutron star; equation of state; astronomical

observation
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