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ANE T AR R PRI B, TR R T O
PEE KT H T Compton YK (JRj 38T X 18 HL T IR RFAE
JUE, 420,024 A); T JE T ALK RN ET R ROR R 2R,
TN T JRF R/, X, 1% 2 [5Z4H) Coulomb
He 5 58 A7 RHb BH 1 A AT 3k B e i ke AT R
ke, SRR A B AR i PR B0 N EORE: Kl
TH AL A 2 e BT, e A% 0 51 itk 2z g DL O
HATAT 3 (C44R 60, 4% Coulomb HEF)# M LAGESE. JR 44
W) R I A R T R R R TR AL

XFE I Hs 4 T W) UK AR SO R R AL B
HHAMEF? AES AATE 5?2 BT
FHH T HILE QGP, HH ALK B 46 FE 1) i
JEEALAF 2, W m T 150 MeV, 15 #E KT 50
MeV(H:4E H A ~keV). WA XK, B 1R E TR
(BT SRR 78, AARE P10 E T
M4, Es IR R FRAMMXo? BAEMmE, &
4 ) T IR SR PR AN S e g 2 o RN TR
T IR RN R & A 2 555, AT E
FriX L o) . FRATTRES 7 e T AR W A 4
WA A o R, e AT R T A AR
(1) B SRR N IS W H T Re 2 6, 12, 18 45
JE 455 - 400 0T 1) ) A AR A 2 A T A IR 1
JERLM b IR kb 2 B T IR R A R A
I X, Bk R e B TR S B . R
DUARAR S| 33 38 SRS Bl 1R IS () b 7 0 A R 55
T L2 P Bl 7 g ol s A 78 B e 5 1) Dt 1R AL

1 FAEEEm: NEFEIaBS

WIEY Pk, R AL R R S TR I kb 22 el s 4
YRR, TTLAE SRR M RIR PR, fE Ak
FBLIX PRI % 2 0, 56 Lk FATT AT ot 44 Bl 5 18 42
FUNE . AR R R R S A —
PN A B A ) I B AR -, LB 1897 4R
Thomson {ERFFT I AR £& I R B T I~ b A7 AE A
(LSl ER AR S Hif-. Thomson %45 T4 1K
BIE % M R A IR J5 - BB A — a7 47 H 1) L TR
i TS E AT S 5 b 1911 4F, X — M2 3T
Rutherford &5 AFI ] obl 75 4 96 U S 56 1 s
JEF (R ZN~107 cm) 5 5 J L 0F FLfap 52 s EAE AR T
— AN IR (<107 em)! B TR A% k2 ),
Fowler'' T 1926 4EHEM]: 152 J5l FAZ AL 7 [ 5 44

FABTRR, w5 REIA ] 10™ glem’® ) FOFAEA W] BEA71E.
LI T M A F - ) ot e A SCHIR I 30D A 5
PERIL . 4T 1920 4 Rutherford 54 B HL 7 Al
Ji 7B g5 A 17 H X T (Neutral Doublet, & KK
N TR IR AL FEA AL Gy, (HEF] 1932
FERIT TR T IR T AR A LA E R

WA, N JET R B R AR A AT AR T e ?
Gamow 1~ 1928 fF%8 1931 7L AR AR K22 1] (¥
I i 5 R A e b B BURE D7 R Ay e <A o A
(KR T] v ™. X — B R mkaE, RVEA A A
1974 SRR 7R B IR IL S SR AR AR LU T
AT A% R AR, R KSR AT

T HRRE R MR, 1932 FEE: TR
Z Hi*YLandau HEMAE AR () o0 AR <R T
“We expect that this must occur when the density of
matter becomes so great that atomic nuclei come in
close contact, forming one gigantic nucleus.” A%
KR T AL S EUE R RO, RAeMEBERE T 177
SRR N/ F N AR G E S
PRI R 3 R 12 v DR T8O R 51 0 RE AL A2 1
B B ASRYRL. LA B il X — B R
(¥ (O S A DL 1E L R OB VR T A% 2R AR e, fFL g o 2
Landau I bEACIL S8 b S IR B n] e AE A % B 5 1
R AH 24 1) 25 ) It (X W] A Gamow T 5 SOV W
BESIHE)). (84— Rt 8 LIRS Y R
il A2 B U R R T 1 R A A T % 44, Landau ARG
TR AZ X — 483k, Landau — 4 7E Nature ¢ 3t
R AN SCTES H R R 44 S0 2 — 1 SR
(61 & 5E T SCHRS), 17 53 M i 55 {343 Nobel #2
AR S E FUR e i AR B RS SR [6] 1 Bk
Kapitsa JT] DL 078 Ok 7 1 Landau™.

WA I (p) 5 o (o) #8404 2 ACRL - 1) 14
HE 2 Landau $& HH) Z0K IR 4% — & & 1 11,
S RS I R X R LT ()R b TR
J5 A% R A S (T HE A2 D S A% N H IR L
W0, Z 5 M

e+p<>n+v,, (1)

FEIX AT (ve) (AL 27 35T DL . 5 T ot e I
TR IS, A 3Aar DU T8 fcd 7 m
B, wTOL, A% 75 5 AR T ISR R R A
. EERIR Rk, HTERIR T NS 5551
MR B . XN A S B, KR TR

1289



TR R4 e W R 2 ko 2

SAET T ROUE AR A 1A P B, AR
W UL BT T AEA BT IR 1930 4
ARG HIBAEIEA, S AT A S5 H

B TR AN, A AR AE T A R SO 2
%12 1934 4, Baade 5 Zwicky™ WF 57 U5 T8 51 AL 1)
TH LG T), I3 HTE R 7 A R TR I L Y e
T E B R A I AR ARUIE AL AR B R UL AR T Atk
1%+ b 7 2B AL #I 09 & ¥ (“If neutrons  are
produced on the surface of an ordinary star they will
‘rain’ down towards the center if we assume that the
light pressure on neutrons is practically zero”)JfJE1F
. 5 B2 AT N 18 A1 BT B AL O X2 T ik
TR AMES X LN, IF Bk bR T
(R Bk 2> bR s L RE . 1967 4R, S ik AL
¥ RIS —AN TR, FAR TR A et p 7 A,

RV B R 1 B R AR R T L
P O A 5 N (S S e S A== 1IN W AT N N
EETE T 1960 SEARHR TS M BRI REJiE . 1964 45
Gell-Mann"“1F1 Zweig"> 53 il 4 H 58 - 1H 5E B AR 1 %5
TLHTAL K. 1969 4 Ivanenko F1 Kurdgelaidze! #4811 #%
U 7 AL ATAEAE H % 5E. 1970 4F Ttoh! 3%
W T u, d, s =R A %5 50k BUR AR RAR D) 2
P, 1971 4 Bodmer! W T 4 7 S AU 46 R 4%
(Collapsed Nuclei) {48 & M. HWFEZZ T 3 M H
HH 5 0 2 3G PR 2 A I 2 DL 3 6 A f O 1 1) T A
1973 4 Gross #1 Wilczek!"), Politzer™ EW] T %5 5.2
) €6 A5 1 RO W 3T el R 1 S AR A I SE . 1984 4F
Witten" 53 H7 T 75 53 4 5w 0 0 ) e ME IR R T AT
REMI R AL G A i AR . T, WA
1986 4£ Haensel 2 N*2IAI Alcock 2 NP A T
A AR AR L T AT RS ROULI A E.

BUAERATINE, % 50 Z (VA B A T iy s A 1 32
T, RIRZAE B A H R BT (0 3) ) %7 (QCD).
BT AT A b, AR S N AR RE S I E
Fermi “{; 7 J& 2% 50 2 [0 4055 O (AT, 1998 4F
Alford, Rajagopal Al Wilczek>"$ ! Bardeen-Cooper-
Schrieffer(BCS) K 4 3 5w it. REMIL QCD
R HRIR T T Rife LA, EARAE QCD A2 AAT
SCERNINE N T A E IR R 27/l v ]
(1 €0 A AR ) 3E B (9 R & 2 M a>]), T
Fermi A A g/ AT 1, (HIXFEAN WA 5 v —
SE N EEAE 9 5 A LR S 7 B i 2T DL 28 T3
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TS AR B D) U B Sk B QCD JE I E AE
Wk 2 5 e ds, BATHR AR S0R 2 A W] BE 2 T 1k
u, d, s ZIRIME R AERPL WA, BT, S
A5 P 18] 3 vl RE A 75 35 8 4% 1A J A e (LA B o R W
SO BAER], EAERENTT LR T i)
AR T S IR AE eI, d T8 B [ 44 25 v 4 T
o).

B, HRTA R 2 A A AR ko A
IEHIEaT AR i) QU AN L S AN e /i)
SRR A Hs B 1) a1 Oy 1 2l (B3 % 10 v AR
By, iR WEARRERE TR 5 —FHA
N 5T A I 5 T A T R T R P A (B2
SRR, T FATIIE 1R T B LR WA THZ P
St as Z 1A (B 1), SRAMER 1 1) %5 se S R HEEA o)

2 EREAR: WA

BT B R T 7 AR TR s 4 ) A Jo e 2
XRW MARRE A HAE ] CIEELE QCD) ) — AN A
] R, FEAR A il o OC 2R 3 v E B BE ST R T
E KM 2 —(Bl“Yang-Mills Theory”). M 1 77
IS HFRATIENTE, 2 NIRRT 2 1 Landau 1
DA X W) BT AR AE . J5 ok R ST 2% I ke AT 133X
— JFIR I LB P O, R A H T RAT B
AU AR, AT ROR R C & NS
Az A NI B f BEOR G, Landau 44E 1)
R R R IR SEAF AW ? EIRATTE A 24T Landau 4
TR PR IR TR,

2.1 Landau 7£ 23 5B EFICBYA N EEIR

% 20 40 30 ARk 1S 5 TR, Landau T
1932 AEFT i — 3P p e T R P 0B VR AR AE A
TRt DY P N THTES % (Wi SARZET 1 T

B L RN 2% R LA BUR 7 FH
TR R A S (IR s e A T )
KEH N L), BIJEK Rutherford T+ 1920 4E T4
DR, IR IRATIAE 3E, W5 501 1)
T AH AR AR 27 IR M 8 28 AR H RS 56 11 o 7
J12E g, A2 e fa e e S 1 0 B 1) AH X 55
WM ARG AERIER ).

Landau 22 BT DLSJRIXFE A4 1R 2 TR A TR I i R
RIVGIA EAE]. BATTIAESnaE, 9940 FAE ] Refig i
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Crust

Quark

matter

Hadron star:
quarks confined
gravity-bound

Quark star:
quarks de-confined
self-bound on surface

Quark-cluster star:
quarks localized
self-bound on surface

Hybrid/mixed star:
quarks de-con./con.
gravity-bound

1 (MEMFZE)AREEWHELEMIRE. 58F 2 Hadron Star) N L BT ARNET=MER, MPOEEEH
BNSEREEERMRZ LIRS /IRZE Hybrid/Mixed Star). L EELHERYRMBBEE 2R A S %2 (Quark
Star). UEZTEHATELHENEREHRZ(Quark-Cluster Star) G TEEMHTEMERE. BTEMESG/IRLE
BINKREY, SHLBEENHEHEFZMEFSZERNTR(Crust); MEREMNEREAEZNETEARCEAR
RER, RUMEATUREFERR. ROEERBENTREDERARTRERDE
Figure 1 (Color online) Different models of pulsar structure. Quarks are confined in hadrons of hadron stars, while quark matter would exist in
a core of hybrid/mixed star whose central density could be high enough to make quarks de-confined. A quark-cluster star is a condensed object of
quark clusters via residual color interaction, which distinguishes from conventional both neutron and quark stars. Both hadron star and
hybrid/mixed star are bound by gravity, which are covered by crusts with nuclei and electrons, while quark star and quark -cluster star are strongly
self-bound on surface. A bare (crusted) quark or quark-cluster star is one without (with) a crust.

I B N 7 FE (LK — AN T A — AN A8 o — A
kT, BIAY S B Chadwick & B« 1.

76 20 a0 O Il N7 (kL 14 B AR HEAR B
FEAROK T (5 50 5 1) S A 15 I i) AH B H iR
YOI T A R B S5, T T (uud) 5 - (udd)
IHAE 30 FEACAMTHTN R 025k B LA R (D A
FHSE IS R Y e+u o d+v, F—A u- S A
—Ad-Fr. bR B, BRTE TR EAN u il d S
oAb, B 6 M e, IR LU T 2 o
H: EAET GeV A S 70 {u, d, s} LA KT i ik
GeV [HHEMRE 1T (c, t, b). UMK H S48 A H AR
PR T, B 55 A0 B AR JC5BE 2 B8 %5 ve 1A k.

K — = A — AR NIRRT 8 BEAR
637 7 AR N IR R vk 2 o LE T R S A B R
A, WA RIR TR AT AR ? Jsefe LS
Y FEN R, e 2 Heisenberg J& & A 1111
T REIE T Fermi MG HT4 ) Fermi BEHE
KT 5% v 2 B IR) 5T 22 (my, ~ mg~ 10 MeV, 1M my, ~
100 MeV). #RiM0, AR 1 1% R G0 A (u,d) Pk
T {u,d,s} =R FRYEWE ? 35X 1] 8 5 300 )5+ %
VWL R IR F R R 0. SO0 s 7 4% 1 i
/NFHLF Compton PK, HLFAT B %46, BhiE
EMC 53888AH Y, #2120 (1,

EMC ~e? /1 ~ g2, m,c® ~10°MeV, )

KM TR TR RRE, g = 1/137 QR
RS 8 s T RS KT 7 Compton K
(PN 3 T (N e p R ) 1 13 S N
2

E™ ~ hen'? ~10*MeV, 3)
K n T IBCR B A KRR AT =R Rk
(M AE— BB 5~ RZAIE T b e il R A2 e B k™), ) e]
BFEPCHE TR RS BRI TRk, P, U s
2 W) BOR W RE S R AR (53X ] LU AR )
Witten 5 A4

He 20 51 TR R A% — e R o A 4
PRI ME—AH ELAE A, DA Landau Ak 5| ) BERE
T, BRE RS RS R). b T 1937 X5
JE: “Thus we can regard a star as a body which has a
neutronic core the steady growth of which liberates the
energy which maintains the star at its high temperature;
the condition at the boundary between the two phases is
as usual the equality of chemical potential” (¥3C:
AT A 12N % B — iz, HEE R
8 KORE O AR R TR R B R XTI AH L S
S I R I AL S BT T ).

Landau JU FIX58 AN A2 A 22 I 2R 5 I 5
MUE AR sl EARH] 2 b2 0 K7 5 ok
PIJT T S R (1) A% RE T DA 3 A s R T
K, DA SR R IR B BE 4 1E A RE R A L E R
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(2) Rl —MRFRZIEFE, KR4 B n G @it o
AHEAE M B AR 4G, AR T DR, | R aiER
T4 22 ] DL B R R 1 AN B A R A% R L A
DAY NG

AT —3E M & IME AN TR 512
AME— PP 1 FAE Gamow T IR T A% 1% S
Rt O 1B T R Z R A OB fE 16 W A s
AR s, 1RIEPE Landau o3l k5| 7 Ge IR BCA
SIEREMN. BEZ RN SR I E, Bethe $2H T
AR AT CNO FEFAHLEIT. hk sk, %
FIE AL BEYE 1) 5, Landau(1932) 1 Bethe(1939)— /Mt
e /N IE ) fE AR ERAZ D R % Landau 201
IROE 2 SR T e RN i A NI
fE, T Bethe 7EA% K MR BERIH 7~ T $REIE A G 7]
L) IE 2 22

IWIREIE A BAE I 5 — AN e R 2 B
SRR TV B F 440 74 o v] e DAL s A FH I R
4i. EEEGI IR Z3H, XMW T WA TT
[ (1) B T s TR, 2) MsEA
PR @, @ s, B EaAd 2T
JIREER, FJUEMIASA N T A, Wik A2
ST AR, W54 0 RN T IR A,
HA W R EA M A RSN ZET. R
M, W kot B2 s AE H B AR aE R, RLT R
% DA% g T R 4, o f - A2 2 2 AN W) T 5
JIR SR R AL AR TSk R A A ARt i
Ky I H AT UL ARV AEIE T T6 51 71 (Gravity-free) [ /N
U Ik R RAR VN R A% T LU ERE R B JE 51
R4, BG5S —— BRI U ).

B2, 0T AN BAE 5 59 AH B AR iR )
= 53 Landau 7 20 40 30 SEWARIE T T A4S 5.
80 ZF G M4 K, 1559 AW R R4 H LA
KRR B AR B T A EE RN, KR #%
MR 1R MG TE G BEAAE b AT . FRAT TR A T
k.
22 BUHERYKIEFZES

AR KR A% B 8 328 20 e | R IRAR b+ A
B AR /N A% A S A7 AR A 22 03] T
Pk, EATHERA RBEAR AL (D) BT RIERTFZT
REEE R T/PNRF %, AT T RIRFZEW
5 (2) BT 51 IR IR A% P AR B3z i T e /D R
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TAZ, KR4 1) 155 B — i s B T/ IR
TR EE, B LR . AR TN R am
T, XA R S A K R A% R B — SRR ) Ak
KT RIRTF, NMURE S o4& HaxX FEry ). 5
% RN E TS =R — R KR+
M BGA TR B TFHAEW? &3 ZEmREK
TN R T W A ok o J2 S B0 R AR I % b
LI R, K D7 A% L S i DAY A e B v AR A
Oy A B 0k B 0T ) [ S AL K P BT
TEEE 3 ik — DA,

HEm AN IEDER QCD MHE(LURE T
M A= Ry R HEVIMR, FEAEZDHY
B BRI, AREE LT, BT
W A i, T SO s T A
b I B AR AE AR, H— AR IR ) ) U AR SK
Br U B, R RS S A s LA
TRl AR AE (N2 We 2

EFRATA U T PIAS T 1) 2K 25 823X — FE A ] 7.

— NI RENETESETF(E NI EREE). &
5B s e ik b &2 b i) 5 v & AR 2 ). HE | T
NIA R BP9 A R, XA AR 2R S OF A LA g
R FLHO AW A 38 SR TS BEE KRR R
FE 55 8 FE RIS I, 825 s RS R T e £ 8 T 4 2
B TE Nou, d 5 s = RS v £508 FE 1T - AH S5 10 A7
SRR AR A T ). BAANE T
SRR AR SRR R R A S e R E
BN IR T A% A B RE T AU S5 16, T 110 i 2T R
K255 10° MeV MR OX— e O LT L E K
T - w5 wd-F vl [ R ). AR, T ECE R
RE 5 A0 77 e 4 o b 2 mT 2 W ). B 2 L8 E s AR
AR PIAFAE, BAT Bk B P 10 K R T A% B T B
AW EEEY AL, E—2PHh, 80 FZ I Landau
B OERE R, K51 BE IR JBOK B 7 1% 25 0 1) B2 e
A, 78 KR 4% b B = R AR T BE T B — il 2
LT 7 RS FRATTHRE X FoHT 1) s 4] T AE &
R s L. T e AT i B K DL R 2 [
Ve, e e BRI T & 2 AR X182 3 I
HLUATREHY J BR T S A% BRI, S5 T i DL S A [ A
FEA B TT I [ 4.

AN A RS R SETFE BN E
&), AR T B A% FE W I AR S, A
T BCS (A8 FHIM . WREILMEHE R b E
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S TR R G A S 99, LA A QCD H iR ik
ATRE BRI, B4 08 S S A3 1. SR, i
it QCD W45t 2/DFERERs | GeV BL EA & {FE 1,
HAESEBR ke (IR RN 1.4M, “PARZ4 10
km) ¥ N8, & 50 A AH A K2y 0.4 GeV.
LSS B b 16 s AH B A AR n) e 2 1R 2 DA 25 5
M. WS EHREN 1, 52 WAAERPL Cou-
lomb HH AT HAEH HAEHGEA E,. AT 4455
JiiE m, =300 MeV %544, 7LLA] Heisenberg
KEF XA
1

L =L fm, E, - a?m,c? = 3000 MeV. (4)
agmc? o

WM AESERE fa>1, W4 E, shain s @
KANZIH 0.4 GeV AL 223 TX0 T4 5 1) 2 oK A<
Bm &5 e ILAFIR. M5k F, Dyson-Schwinger /7
P 7 V245 B JU RS A% 302 B 25 v 2 I 1 LRl & ik
FEH R, ATk E o > 2. P, HE RN S
AR T e 1 Rl Ak.

S, AV AEAE QCD MK EafrfE % w4 A
FHE 2). & SEHARTE i s, B HREZ3)
BN REAR T 5 4R [41 1] 14 J) 4 s AH LA F BE & 1 A2
[l SEBR kb R R R A DAk, /E 2% Landau
KIEF G IE IE, 7T R A ko B2 B 2y [ 2 5
AR, A S KREERBC AL, HgEE
Ak PR B R R BRI BT, A e
Syl SRAH HAER A . EAERNE, BT
A TR P ROl ke, -2 ol 1 508 P E R 2T w/d-5
XFE A7 5 v B H W o A A R e g, A
7375 v A UL () 2 1T R U0 b Ao VA7 AE F OE A A
I 5 2

S AT AR e Y FAT AN TE AR T (A
JSCA uds) A2 i AR 5 S s O BRI IR, AT AT LA
% AR R AT AR T AR, AKEF 2 R 1) A
FHEAE R E ARG 35, XA 0 2 105 vl SR A —
. 2P EIE HOWE (A8 uuddss) i 53 QCD #4
PUR R K, BAVHERE Pt H SRR )2 v 4E
APBRT RER IR — B RSN, H SRR
(B TR R B R PR 2 O H A B AE — 2 (S 50 R ik R
o th AR Bt & 5 T 2M g (R &

T A Quark-gluon plasma
(Quark Matter)

Clusteriﬁéz”"
solid QM

TQuark—clus(er stars Ug

TNormal nuclei

2 (MERRRE)ENE QCD HE. YLiR T HRE,
Ee Ry NETUEBRETHEE. EIREFMRER,
TRNZEAERTRN: MEBSESSENEENLEHm™
EHEER, ATRYRIETRRTFESTHRS. HE/LE
BYMREET, AKX ZEEANR, SRZEMBEA
REERIE, MMEMEREH. RETZEAYMRBLT
Eifoy
Figure 2 (Color online) A QCD phase diagram contains the con-
jectured quark-cluster phase. T temperature, pg: baryon chemical
potential which can also be considered simply as the number density
of quarks/baryons. Quarks are confined in hadrons when both density
and temperature are low, while they are free when both density and
temperature are very high. Nevertheless, a quark-cluster state is
conjectured for cold dense matter at a few nuclear densities where
chiral symmetry could still be broken so that the mass of dressed
quark would be order of 300 MeV. This kind of quark-cluster matter
should be in a solid state at low temperature, as a rigid body.

3 SRKHE: XKERH

B 1R T AN AL i A S R R 20, S S 00y iy
TS B AN TR0 I A A R JEOUL A 56 T B K 52 B R A%
Py B oE R (M ORTE . R B AT LA — e rp R LR
N THRR KK S %, B BT R J) AN T & %5 we e 412
(SO AR IR R 55 42) A s oK 3 e Dbk 22 2R A4
ORI _EOR A, e AT 1) de K B DX £E R L e 2
TPARAAET W F WS, (1) R b7 RRE, 1
5 50T AR A P RORL T4 5 | g R AT T T
S RH A, RIS 0N T AR A A Ak A R 2
5 (%5 SO ) T HL 1 ik L R ). (2) BEAR G
Ry T4 S A A 1R ) 3 T R IR O 2 T
P S B A R A A BR A, 55— 5 T [ 2 S o R
PR B AT SRR T R R Rk
SRAERLIN I L, A7 By T 45 JSREARL ¥ A0 A 56 2020,
I 2 BEA AT A g
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FM R A A2 ARBLU W R R AR
JUE-PERM-R)K R R IR 7R 4ife. AR
ZrE TR F IS (510" glem®)EAEEM), Kik
BB PR T A B G 2= 42 2 B A T PR 1 o ot 484 o (R )
M, TR R sO AR AL, JLS1 AR AT L 2,
AT LLIA R M oc RY); %t F 51 Sy a4l o1 2
FLAAT S Bt A 0T S 10 384 I it 9k /> Ot 8K 5 | ) i,
010 = N 1 Rl S T <L V=S [ S ol R D B
SAXJ1808.4-3658 R I it - A1 K Rl g R &
JE— I v PO AR, T O M e W3 T 5 A
) AR BRAE R TR T R4 B 1) 22 57 BCF BEA).

SR H B i R O Tk b AR S R AR ) AL S Ik
PRI A7 E IS LG, 1MW RRAE ] BLASE H AR L 7E
Ruderman-Sutherland i 7 (RS A5 7 ) HE 24 P PRAFE. 4K
1M, RS A5 TR T B ek [X 4 oo PR 1 AR 4 e LA =212
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Figure 3 Neutron star was speculated more than 80 years ago, which is then developed to normal neutron star of the mainstream. Quark -cluster
star, as condensed matter of quark clusters, distinguishes from both neutron and conventional quark stars, which we expect to test further by
future observations with advanced facilities.
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Compressed baryonic matter: from nuclei to pulsars

XU RenXin"

School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China

Our world is wonderful because of the negligible baryonic part although unknown dark matter and dark energy
dominate the Universe. Those nuclei in the daily life are forbidden to fuse by compression due to the Coulomb
repulse, nevertheless, it is usually unexpected in extraterrestrial extreme-environments: the gravity in a core of
massive evolved star is so strong that all the other forces (including the Coulomb one) could be neglected.
Compressed baryonic matter is then produced after supernova, manifesting itself as pulsar-like stars observed. The
study of this compressed baryonic matter can not only be meaningful in fundamental physics (e.g., the elementary
color interaction at low-energy scale, testing gravity theories, detecting nano-Hertz background gravitational waves),
but has also profound implications in engineering applications (including time standard and navigation), and
additionally, is focused by Chinese advanced telescopes, either terrestrial or in space. Historically, in 1930s, L.
Landau speculated that dense matter at supra-nuclear density in stellar cores could be considered as gigantic nuclei
(the prototype of standard model of neutron star), however, we address that the residual compact object of supernova
could be of condensed matter of quark clusters. The idea that pulsars are quark-cluster stars was not ruled out during
the last decade, and we are expecting to test further by future powerful facilities.

pulsar, nuclear matter, quark matter, nucleus
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