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The Hodge conjecture

Non-perturbative QCD Is The Poincaréconjecture (solved)

related to one of the seven The Riemann hypothesis

Millennium Yang-Mills existence and mass gap
_ Navier-Stokes existence and smoothness

Prize Problems The Birch and Swinnerton-Dyer conjecture

Alford et al. RMP 80 (2008) 1455 Quark-hybrid redionalneutron ser

qual L_glu Ol Eapreron & neutron star with
p]. dAST114a [ Q GP] . pion condensate

J—io n.'ll

\collisiorts |

fearly universe}

heavt

color-superconducting
strange quark matter

hadquI]j_C (u,d,s quarks)

s 25C
(confined) non—CFL csL Sft o

gCFL

phase 4 nuclear ghLoFF Sk, ~__ HydrogenHe

atmosphere

matter
vacuuim fnewtrorn|stars)

310 MeV

nucleon star




1, m;mﬁri

Main-sequent
stars

4 :
Fermion
stars

IEEE I S S S S S S S e e e e e e e e el Dae Da Da DEE S S S S S S S S e e e e

B i RAR I R A0 3t oy S5 =5 W) P E R




1, HHXMMRAHE

XML A GBEEL ko
+18624F: #EKeplersE H A KRB i & H(0.75~0.95)M,
PR 6 H 45 ~1/360 L, !
*19144F: Adamsill =i, 15 KRIBEF42~0.03 R, 5
+19254F: Adamsill B RIRBEIELLHE, HAEH KIMRLL ! |
*19264F: Eddington! /% “The Internal Constitution of the Stars”

BERPEM AR T TH

Fermi, E. 1926, Rend. Acc. Lincel, 3, 145

Dirac, P. 1926, Proc. Roy. Soc., 112, 661

Fowler, R. H. 1926, MNRAS, 87, 114

Chandrasekhar, S. 1931, ApJ, 74, 81: #8xt4£E0S. WD




1, HHXMRFHE

MFHRLE R BiTChandrasekhar/i &7
*19324F: Chadwick & LI SCAFAE “H T ML R
*19324F:  LandaumliFE il — i 32 2 Hy v 44 e i 2 4K
*19344F: BaadefZwicky¥s th #1 2 n] Be£E 8 B R KN PP AR
*19394F: OppenheimerfVolkoff it & : M~ Mg, R~10km

«19684F
«19684FE: GoldigH “PryF 2 = sesbmibd F+ 27

“PA2. NSs” http://vega.bac.pku.edu.cn/rxxu R. X. Xu



1, HHXMRFHE

HEFermiTE: PTEZLRSLE?

19694 :
19704 .
19714
19734
«19844F ;

19864 :

“PA2. NSs”

lvanenkoFl1Kurdgelaidzef& il oF ¥ & N #7522 ¥R
ltohi+ 5 T 1 H di{u, d, SYH R AR AR ER 772774
Bodmert& i & 575 v ¥ 51 T H 1 B N BRI AT RE A
Gross. Wilczek. Politzeri BH#r3i% g &

WittenF 48 & 5470 01 7] R A2 3 1 1) FL IR RS

Haensel F:fllAlcockss: BrkF 2R FFAZmIE+F FE?

http://vega.bac.pku.edu.cn/rxxu R. X. Xu



1 — RN Y AV/ A N | s
2, RE-FRERXENITE
AMBRSRE-FERXA?
2 E: REBA > REREMAFZR
LA E: REM. REIE—XZH X, 2mg(M/R?). z(M/R)
el Tt AR E-FRXEA?

N E LI, MRS TTRERGARER 157117 )7 R € B 46 He e 1Y
iﬂ?@iﬁ%Tolman-Oppenheimer—VoIkoﬁ‘?‘ﬁ% (EREGRIEIE)E)

(1+ | At P
dP _ Gm(r)p ook m(r)c TOV

"V‘--ﬁkﬁl p.=p(r=0—25P(r=0—>P(r=06r)=P(r= O)+dr

Sr—=2 o(r =6r) > ...
r=0



=N VA & =5
2, BRE-FREXRNITE
RE-F12 4RI HE—H:
HRIRST AU, ~Mg
AR RS & B 42 ~10km
oNREH TR
M oc R3
N T
M oc R3
T EMy~0.1Mg
'Z?QﬁE%Mminﬂy 0
ML FISAX J1808.41]
MR R A S5NSWI&

Lietal 1999

“PA2. NSs” http://vega.bac.pku.edu.cn/rxxu R. X. Xu



3, PTFERLESHM
BARGEH): HIPG A [ ‘mﬁ#%?’ﬁ*ﬂ@ﬁ%é:?]

A A - —
X—> . Y+e +v
.k}';h/%' Z Z+1 e

s pe KSR
XIS SR ST T 1 (0 Looca)
JNE E ARE:
Phic | RS
A oK DI \
4 A \"'-‘.H b
T B3 (DRES. BF) \
ETFLFE: glitch? "’ "
b FHE K
win. g [ i
° ‘:P F E 894% 0.1-100| 2x10 gem’ : ) Ufﬂ ]’1%] km
sumime R A

“PA2. NSs” http://vega.bac.pku.edu.cn/rxxu R. X. Xu



3, FFERLEH

RAEGF T EREY R
AT 3 R 7R
Coulombfié~ e?/a,
1, [A] Jiig BE~eB/(mc)

=) BB _e;_lnc_335><109

‘%‘%‘ “7}5” X‘J"ﬁ’ﬁ\;ﬁ; B=0 B=x0

LEEREMENN: E =-4.4 (Inb)2 (eV)!

. B=1012G, |E|=161eV>>13.6eV (B=0:E,=-13.6/n2eV)
T4

PR B B A T R - 5 AE — %I;HT i aEE! H,, ..., H,
FORH P — AN MW T W 7R EAE D) > e Ak




Wittenf72h: KRBT RS YRR EIEER ! =
L PSR E Hus d sSEEE AR

ot (550) 2: FRSHYRARER
Rowe? (p>107~10%8 g/em?)

nnnnn




< 5 = +
4, FASRERLGNM
FHERTFHA:
N & /N: m(~200MeV) > m,(2-8MeV)Ekm (5-15MeV)
AT IRFFEAEFN, GRS ERSEY e T (1042)
Zir: m{ERAEBER; wF: HHEH
TR e R HH T H 0 LS el = SR AEE R
‘Thomas-FermiAZ & 11 H & 75 e iR M H 5% s (ER)
g(r)=cP.(r)-ep(r)="%¥% =0
i B

dv.  7.2x10°
dz 1.2z, +4)°

E=— V/icm, z>0

ftz,, = z/(10cm) = O, E ~5x10'7V/cm
“PA2. NSs” http://vega.bac.pku.edu.cn/rxxu R. X. Xu



5 HiK/I:PECI:%IL.\ : IEIII_.\Z%?ECI:%

A conjectured diagram with Color-

SU perC Alford et al. RMP 80 (2008) 1455

o

uark—gluon
plasma (QGP)

BCS-like
super- 83
conductor hadronic

(confined)
phase

v
X
2
=
=
12
g

fieav y—ic.-n)
collisiorts

nuclear
matter

vacuum (neutron|stars)
1

310 MeV




* Another conjectured diagram ...

Xu 2005, updated
Quark-Gluon Plasma

(Quark Matter)
<qq>=0

Clustering: < qq >20
solid QM <qq>#0

ﬁNnrmal nuclei fQuark stars?
? Clustering — BEC — BCS
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» A stiffer EoS = higher maximum mass

M(4U 1636-536) ~ 2M

» To render the g
pulsar glitch,

Sun e o o

Jark matter solidified

orecession, Planckian spectrum

» EXxtra energy released during star-quake
SGR-giant flare ~ 104’ erg, AXP burst/glitch

» Ferro-magnetism phase transition?
What’s the origin of pulsar strong B-field?



Neutron stars vs. Quark stars

Phenomena
observed

Normal
neutron stars

(Solid)

quark stars

Note

Radio pulsars:

magnetospheric emission
glitch
slow glitch

é[ drifting subpulses]

AXPs/SGRs*:

CCOs*:

DTNs*:
Thermal radius
APXPs*:
XRBs*:
Sub-msPSRs*:
Others:

(free) precession
timing noise
Eenergy

burst with glitch ~ 10~9
super-flare

age discrepancy
erratic timing
non-atomic feature
why small?
ADmsXPs*

burst
super-Kepler spin
supernova
MACHOs*?
UHECRs*?

ok?

vortex (un)pinning

77
binding?
damped?

high in msPSR?
B-field
7

high-B magnetar?
?
?
high B & Z7
polar cap?
ok?
nuclear power

no!
v-driven??
?
?

ok?
star-quake
in low-mass QS
binding!

no damping!

low-mass QS
gravity & strain

AlSqg*

giant-quake?

QS with fossil disk

torqued by disk
bare ()S!
low-mass QS
low-mass (QS7
crusted QS7
posgible
~-driven?
(low-mass) QS?

strangelets?

e+ plasma
to be checked
no NS model
surface condition
rigid or not
random torque
magnetar?
sometimes

spin down & up

prediction (QS)

not successful

*AXPs/SGRs: anomalous X-ray pulsars/soft ~-ray repeaters, CCOs: compact central objects, DTNs: dim

thermal “neutron stars”, APXPs: accretion-powered X-ray pulsars, XRBs: X-ray bursts, Sub-msPSRs: sub-

millisecond pulsars, MACHO=: massive compact halo objects, UHECRSs: ultra-high energy cosmic rays, AISq:

accretion-induced star-quake.

Xu 2008
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