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TRYURESERE

ERIR, & &, RKANE, REH

(Femk% HEEEE, JH 100871)

BE. — +HLANEHERRTEHTRAEREAMTAPRAITEST — £7 — - M7k B
&, LRMER LXTERZEERASRE R LA E SRS T “SRyiR” 6%
2. B EHEHXMYRESE TR SERRE R N HRTEARERNER, TRERE
TRYFHNTREFATAL — AR ANMRRGEEEY RSN ERERE. BXfRk
WE, FFERFTAENTREYE, SETEFRTRYRSTRENRNWEERR, SHTER
ES5—RHFENRRURETERERER.

X @ iF. Rk FRE; ke FrE
hESES: P145.6 SCHRERIATE: A

1 #FEfs

1926 4, Fermi f1 Dirac J/54H TR F A TFHETEIHER (B “Fermi-Dirac” 45it) .
LA AJE, Fowler BN T X —&RER T UK X EREKGEEN “ABEZ R BE
FRFEFETHBREBSH510 U, 7 Fowler THEMER b, Chandrasekhar (2! F 1931 455
BT YERESI B X R, B AT ARERE —MRAREE 0.91M JFHRBIEN 1.44M, B,
Mg HKMEFEE) , BIBAEF#HEH Chandrasekhar $RFRiE. Chandrasekhar X —AF55 %
. BTFREHERGSIMEITRERE, EIRREENSZRERERERE, MIABIRHR
45, 1932 4F, 4k Chadwick ) BB T HFZ/EAA, Landau ! AT Chandrasekhar HFR
REHNEZNRETFIRBSSRT “B% M SER, HEREESRTFEEEMLHZ%0.
Landau Xf34H B .OC% B W BEA R % B R RN, XIMERE R H/E Sk
B “H-FE” (neutron star, fii#F NS) . 1934 45, Baade il Zwicky (¢ gr—#5 i1 B FETTRE
R ERE Y. Oppenheimer 1 Volkoff "l F 1939 EEIRMMHE T - FEME, £
PRREREAN | FRHEEER, FRN 10 ARLER. HEWN 7 ERERE S SRR

I H#: 2007-06-20 ; #EBH: 2007-11-27
BLWH. HFHABLESEHHE (10573002, 10778611) MEFRELEAFREATE (305001)
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RERY. RENEHEWME 20 #4g 90 FRA LA, BEFEARRN X FRETHE (Flm
ROSAT . CHANDRA . XMM-Newton) ., TX&MHHE Y6 HimeE (B VLT . Keck)
5 HST . 1939 4EZ J5 & 1967 S5 dpkrh B R BLAT, T FEMFRHRE LERE. XiHE,
FFEYRRESFBHHENETEN n. p. e BEZHT AN THENT. BTFFHHER. 4
ERTE X HEEE D, dFEHTeTXEEEF TR 910

1967 4, Hewish A4 Bell M1 BT E—FST RN E (pulsar) . X—RHARTHB
R, HRNSERN B R RITERNGE. kL, 2, S E s,
AUERRAKGE, HRAMFRAEIK T EMFEE. R R0, |EKBAERH
A, Pacini '3 BLEIRFIFTETREEEROUEBERES. bk Bi R BUEEE RO
AT —AFHH B, ERFHESWUEGERE. B, Gold 13 i fkrk B FAHIH LM E
WE e T TEM A AN, MARRAVMBFFANYABRERF TFEMEGAN M, F%
Bk BAtERRVE. BATHLE. AMEWELS T EOTFRNERERIF. 1965 31T F#AZEk
(glitch) BE4 (14 | Hulse Fl Taylor (1516 F- 1974 4K H T FE—/4 Pk BXE (pulsar-NS) &%
PSR B1913+16 , FH@E X ZRGERK A, FEEIZH TR TFE. 1982 FRAT H—
WEPBkrE 7 PSR B1937+12, JEA# 1.558 ms , TAMES Rk BRI 20 B4E, HFIEFT
1.396 ms fBke BECRI U8, 1902 sE R A 2B LMK E PSR B1257+12 A% U9 X
RAREBWE: - PRER/MYTERS. 2004 LR T E— MWk E (double-pulsar) £
25 PSR JO737-3050A,B 2% | {8 B FY PSR B1913+16 MWER, SIHRESER. A
F PSR J0737—3039A/B W EA S tabksr B BV BRFR, MR ESHMEZRAEHE
BAELER, BATHREEHEERANRBRERE. E5 AR EESE85E 1 700 & 21,

JLFFERK T B Z BRI, RO 2SR EEER R, WEN T2 Rt —
BTN, AMBTARFRFRESEHE. 1964 48, Gell-Mann 2 fI Zweig 23] £ @ Jil 57 #148 H
THRFHETHARMNEE. BRBWHL Sk B REAMX, HRIVEZ ESHHEER 5
FEPRBEFREER: Ivanenko Fl Kurdgelaidze (24 E 5T 1969 4EiHiE TR FENTEBE
YR (HEAER AERMIERF) WATEE.  Itoh 29 7 1970 SEERHE T HHF RS YR
(Hu, d, s ZKKERHARMETRZYE; BEFREET, XKRAFRERYH) ABEHREER
(MREFHFHTRERE, SRKTRE D . BATRERERRVHBFENESHE, Ui
HEREMN—EZIEARERE. BUEHENTRELHAERER 8. Bk R2—2
EBHNGIANETTE, MEREERERE®R, FUEARAERI TRATERN, AMDIH
Wkt BB R AHFE. HethFEHALIETEFHTE (normal neutron star), &
IS EETFREMSRE.) WHASEIEFTERS. FRELILEREHE YR
#, SHBRELBRETYRN T TESRRA. 19714, Bodmer P8 i+i0 T RETYIHR
BIREEME, 1984 4B, Witten 7] ¥ MHITHL T A RS RYRA TREFAEER: FHEM

1) BAHRERERBTHEENSTRE, FUEKSHEN —RIETRSRE. BRFRAEMTRESZHTE
RE—ES, BVRTE—SLAPHANRTTE, MEREEREREY, FUERSITITRATRERN, AMIES
Bk EXBEXEHA TR, ENTTEFALHEEEFTE (normal neutron star), Mg, MBS EE+TT
EMERE.
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EHRTFHFE T (quark-gluon plasma, f§#f QGP) ; #FRE; FHHALPHIAT R (strangelet,
B/NEFRHE RS, WE% 3R (28) . M7ER AT RAZER BRI — N KHK
H: KBRHRETYRERRENRALERGRR. X—HENEERRY: TRERETMERF
TR, ME Witten ML (BAH MM AENERRLRIEE) , WEREKTTFEE
e YPFREPOBEAIS ERAEEN, BURBRKAETRNTRE ® | HOEHRE
WK EHEARE;, HEATIROAT BRI (deflagration) B EBEHE LR (detonation)
MRS 90321, 1986 4, Haensel ZEA 1% f1 Alcock SN B4 BB/ IMAL BN S SR
AT THE. AN BUERRRENES REBTTURAERL 10 km | RS 1.4Me ,
S rRENEE. XURERFEFTESSREGEURAMWERZ —.

20 42 70 FERE, ATEEITRERZARSI/ER, FRWHRA Fermi HRTRERRR
TH. BOTRESE PR THESE P HuYRIBATHEL TE8 S (color-superconducting,
B CSC) IRZS B8] | 20 4 90 4EAR% T-ABIMITSEH BRI BT, AR (color-
flavor locked phase, f&j# CFL), WA FH (two-flavorcsloc-superconductivity phase, f&j#§
25C) BARMAMIAWBRL (WBH O 291 KR330 . MROAFFE, N E—FK
PSR, KMEWESEREMSHMER. B3RS EYE. Ml E. in%. AmE T EEX
A FORIARTE, fE5 PSRRI I8 MARL T “AEYIRATEAH" G 110, SmR
RESH—HECET EMNENT: ERESFEEE, $RTRETEMNZEREMIERRE
ETERAEME S AERRE,; SiEEESRUBASBEETE A Z FMEMRGER, YR
BERERS 4O EXAEESUTANTH ¥EEFHEE, SR EERE M (normalsolid) .
MEE R AR S ERAEES AT ISR , REmH R U AlIYE
WAL E AR (FTREN T EFSEYRNITER 20~1 000 £%) ; XMW ASW T EED—
PR, BREEK (supersolid) . AARICMMBSE A[RE 5 E R W E SMHEKA.

HaEREEREEAETE, EEILpm, REBEHTE 1017 V-em™!, FHARRER B,
MTEW—B AT EYRERE U —EREHENRTE, I EREER SRR T
HEE B | XRMESREShFERAATRS. Rifi#—SHREAZBNFIEN T
wWEMBEMEN ARV EN. B RERTREEY, RSB REEN - EH miast 12 .
BEMRAERE TN XS RTRERESHTFEREFIEE.

BT R R 8, MRTRk v B R AR IR £ B4 K Tl T & (normal
neutron star) MIZ 3 E (quark star) . WEEAAFRMYER — ¥B (M - R) XR (BF 4.1
+#) . WEFE3) % (quantum chromodynamics, fii#k QCD) FEMRAEM B B AR FIE, AM]
EAMARENTEL FIEB Witten SR SROL, WAMLREEM i+ HB RS MM 7%
. JHit, BITEFEAESER R EELIESET TENES R ERARR T —REKRE
TRREER . MENEEF LIRSS EERE ), BRATESRRTFEEFAREE B,
EHREH SR, OAAEN ERSEEFTFENESRE? XELSREYEG R
BEMSZ—. REN—HUISETS, KhEXBREREREET FEESHEX—M
FHEEER, FREE (4547, TEMLNRBSNERTEHFRIARETNA.

2 TRYREHMER SR
BT WEREAA VR B AR T (FRMBT) AEBMEERGRERAT
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GtF. W=, 20 BTFEEIHF) 4R, SAMNFHERMEERND, ERRLEYR
Y1, SIER TR, X Planck REMFIAERET,; AT AR T /E B 60 BRAR AT 8
L, BFEERZMBRAG BRI,

QCD B EM NN R RBEM EEANBAEEDER. QCD AW EHEN B E M
(+2lel/3 BX ~e|/3) Ffafif (4L, %k W=F), TR EMEHNGER, NRMAEEM. Ha
BT MM BRMH LA EARIER: #EH b (asymptotic freedom) FI{EESE (color
confinement), ¥ B HEHEERBRBIRT, TRZMYBIEMILETUZEE, &HAHK
FEIR PSR HARANRELANBRT N, QCD HiRaRIFmIET LR FiEhEE &
ik (4552 AR M ER RN E AR T, B FAYEEARRTN. bTE
’M‘Pﬂﬁﬁ%éﬁﬁi%#ﬁﬁﬂﬁ’“ (W “H&”) . BT QCD WA E R LK b HE M, ZRY
B (R EREARENES TYR) %@‘#EU&%@T&XT&&%Q&FE%&E%@WQ 5
PLER RS ST R A 5 B L SRR A, MIT(RGTET) A9 4R (Bag model) 5354
BB B HRITH — RS,

EREREMNE, GEAEMTERREETEALRMROER, FNE P SHELH LR
R, MRGREARRAEIE, WAEREE—RAER, WNHESTTYR. CHRFERE
ERTRENIRY, EREH FUREIEET LB, DRTERRSELLSEYREA
BB T EEABE AR LY, AR ERRES AR IAES, T2
ﬁ?ﬁ‘fﬁ&?’:@ﬁﬁ@ B RAE RS Ttk B9,

WL e EEﬁéﬁé?ﬁﬁvﬁﬁ\ﬁﬂiﬁﬁ&%ﬂwﬁ}ﬁ%%H‘JWW%?&: KERBET BRET
METES pp BEMR) WERTHARERERT (TR us 88 WS TR TEET (QGP,
WA “FRYE) M (LA 1. 2). EHYRGEELBEREE R — I EES
F EBHEER T, TRMEFRAENESSTAFRNETRTA, A E BRF. Hl,
HWAERTER (BT HY R0 XEE GIMERERNT) N RNRESEYR, 55 LE
FEWHLT, FRESHBF. HERFHEAES R FEE T (SESLR) a4 2BE
MEE T RELRER. BT QCD EEAE#E, R QCD AE (WA 1. 2) hHEEE
SEPEME . RSB ERARTERE. EASEERS .

EERYIRE AU THEYR, FEMEEE. BRBRTHANS R TSR T,
XAE LR R AR QCD MAREFERE. M FHES, ALFOER, Linerke
. FREBSHE. A8 ~K°(CFL—K?) | f 5 @B (color-spin locked phase, f&i#x CSL)
F (LB, 2, SHCH [56]) . BABREWENANS THER. XUTREHES BCS
B 5 el PSR RNER, RESFENSEYRES YRS RS NS Sy
Fermi ¥R, HAZTIBEMA “Cooper” MREHAN, B AEHES B2 | LRWBLSER
REHFES: u(1.5~3.0MeV) . d(3~7MeV) . s(95+25 MeV) B8 | BB FEHIR
%, MH s FRREEK, IRRETEBSTEAWHTHEER: RGBSR
. BIRBMMBA TEFUES ue BTIUESRETIRE (us > 300 MeV) (9185, HETE
Bl u. d. s FRHFEBTULE, =HERES5EER, TMHKABSMEELRE us &
/N, BERE s FITRBARELRE (us <m,), A ufld TS558 CI(LE 1) .

BHNEEAHEEHBEEER o ~ 1/137, BrAT AR, BT H3H% (quantum
electrodynamics, f{i# QED) it 4R 5 LRAFSEMBRIF. HE QOD BAHREHS) (L)
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non-CFL

W1 EETESSH QCD HE 0
Bigh o NETAES (B0 up) , A8 T HEE, HREMELEEHSIRTES, BEIBLERH ISR TSR &,
REmLZEY WBREF) —RAEEARES. SRSSHGHTBME: LEEEEN, ZKSRREBEUNE, B85
BE, TRYWHEHY CFL; 2, ZhEZHAEES, s FREBHEX, o, dFRS5ER, TRWHANE
E5RGA (non-CFL) , 4 CFL TfEAMKEMASH, BIKEHE — K0, CSL % 59 | s 2sRmke g,
#, BEBRT2KTFET, HBFTREMTE, MM TERESEBIITEM. 2
HIESEARERE QCD BB UIMMALESH. ETHEEH, &M
WA QCD, Bt QCD(pQCD) ; EFEME T HAEYE M & (R 0.1 fm) B 234 A
ihg. HEX T HKRERE (RE ~1 fm), QCD WIEMMBNMIEH R T . —FE I8
PR 7 X R i B4 AL BE R QCD, B s QCD(LQCD) . &mE AitH Lk
IR 7k, —MEH Monte Carlo Kk, IIREMITHEBMBRKR. HAEl LQCD MEBEEHF
HEEAZFEFLEERWEREE, BXEVEEN QGP . MAEENRHNESET
. KRB, REAREYN “F5 > M8, MAGKEL pQCD XitH. BEITHEHILY
HEEAMARUFEIRX —ME, e, FETRbik TR REEEARS, Frild
ARGYHEAENREZLERBNEBEX —NBYRASER. B ALk BR Xk
WHR, BREERERSHFE. S, NREHRELTHEE QCD HEFMWAIE, &
fiIX+ QCD A8 B B K 58 I 5e .

BT LERIMEEIEI, EREHEREITRA (quark clustering) 4 105 | 7ERF
e, LEE Fermi FAY Lagrange % F R A FIEXMHYE. XFHILHE Fermi FHEE
(helicity , 8 HIREEHNF MIS &) FH. B TEFRWNERIES, FEMFESEEBRkE. 7£
SRR T, FRMERTTUZRE, EUNE, X - REZWEZHEEIF ((79) =0).
ER7EMABERB T, FEXMKED RBH, WE (Go) # 0, RABESRTER. XUTKE
BES EBEEERNEZHEREREVNBETHNSE. v, d EXHHEENIL
MeV . HIEBKAEVRES, I TFHFREEZMEN, HEEH B M. HEMNET XN 9K
% 757" (dressed quark) . 7E QCD A& _EFIEXT PREmE Al 5 55 A 28 (BFEX R E M E
AL A—ERBHHE B, mRAXFHHEEENARNRE, N ERHkeBIA SR
FHRZEHRE BTN ERRAM (WE 2) . £ THREEFEX RS,
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KA (dressed quark) FTREAFL) 300 MeV WIRE, N LATLL B di23), HE %A@
HAEHR, THEAHIMERIR SN — MR, WS RE. MR ERRE LI T
FRK L o S0 5 . KHESFRARSET. hETESARRMANARES YR
MEE S B M TR EAE R, RARTEEM SR T, W2 mp s,
o MR R AT, %5 P P AE B AR T B R N T B 1 2 AR LA R GE, bk
SRR LAER Y WS YR LR 2) .

A

BARA

3

3 TRRFSHTH
%k (ZE9R)
@ : (@q)=0

CFL

(qqa)=0
(qq)=0

Bt EHEE TR

Téﬁi? "
B2 FEEERTSERAMaRS QCD ME Fo!

WH pp HETAEY, 48 T HBE. FOMHERIMSTHEMRARGRE, AT RIER K FHMETH
ZMBFEFRRAM. ERRREMNSRE, EREBENTHRAES, wHIFTENTREERTS.

#H—H, EERBAMBEFT XEMRTEEN, BATREBEERE), YEESTKAE
BEREEEREUTE, BUTaEEE A R#EE P, SHEERKME. X2k ERE
WA R T —Fh i AR,

FREXTYRELEHNERF L ~SEE FHELTRAEEER, HMRMNE TR+
> (CERN) J#3KH H (Lead Beam Programme) F1 Brookhaven B &K 34 % (BNL) AyAHX S
H & F i (Relativistic Heavy Ion Collider) 3%, (HEH TEHFRMEFSMRRB I, F5
BFEE TR ARFEENEEARE. BREGELRHEN TERKR TSR TREFER 1344
B BLAE M S BE A VR Y e XS R R S T R BB 0. i RHIC fyacg 19269 %
B: BB T ~ 2T(T, ~ 200 MeV , IEHRHEGREE) i, QGP Wy¥:E T L ABEE R kD)
SRR B XFRHHE QCP NETTZ MMMARERMREMN, T&ARF TR#ENR
EEEh, TEBEESE K (strongly-coupled quark gluon plasma, {§j#8 sQGP) . XFig
BMERFERTESTHAE. 2008 FiHRFFHE1TH T — A8, LHC(The Large Hadron
Collider) % ZEFRE YR E2H ERHIHR.

BT HE LRSS, EXCRI LIRS YR EANIERECCRF. CL2AHETRNR
B, TRYEEVREAFER. RITHEESE 4 EFAITL.
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3 FTHEMEARFL

EREHTFEZARTHFENER, FRTRARKSHE. LEERENSE, 8FEX
R, RE - kRXR. HIAPIESS.

SERESPFFEMNRAEEREAR. BT u, d. sERZHRBAR, X THT, Z%KER
BRBELER, BLVBBTHELE (ne/n,~107Y), BEFAZBRAKE, —Wo2BAFTR
B, HEERERAERETE, EEN/Lpm. ERXERTBEFG AL 10V cm™
BERIMEEER P . —BRANRFETU X REEEYRLE, HEE/DT 107°M B,
mbfrd, FRESHTRETEFRLM, NEHEREUR S, HEER S —FATEE,
BREXMEAR, KANEHERT, WEAFRE . AVEFERACERE, TF
TEER. FE, @ Tk EAERBAOR TN, BRIEESERERNERES, FUMRAE
REERANR. BREBBREER, BETFERUSHEL. R 2E WU R
ERBEMSEES Y, HhTEEAR, E8H L&ARXE. NRARERSTYHZEE
W, THERTHREES W @ bkoh B Saatak, arEdetET AR K. BEH
HHBERTERITEE S HE4E 0

FERE IR TNE, ERE YA /MR R ARER M, HEREREE/MT
(M < Me) 2 M~ R, FREMFEREN ETUEETE. YHREM/D (ETH A <10Y)
B, WHRE. TREBEILFNER (o~ 4B, B H MIT ORBARIPHORERH) , THE
INFRET, STRER 14M, EF SR, HhOoBEe L EREEENWELE B, fhT
BREHEEYR, SHREEMEZ/LNMRER. P FEFEE—R/PMIR (0.1~0.2Mp) , /M5
MNEBRWPFTFERAFEN REARER, 2RAKE. BERE. TEY) . MNIEPTEH
B M>R3BH4LY). XEEREGHFEZEMNB—TEEXS]. PHERREEHEL,
BN 2Mo KH, PTEBRK—E, FERFERR (1.4Mo) BHE, BAIMWERMEEARR, UK
SHER M, (HEA/NTRE, RRMAEHEE, WTLHES X FEWRHT B X5,

ERERT REMLBHTURE /M2, LCREEFFENEREAN. b ThFEWNE
T3 B R AL Kepler BEBE, B0 # A FRRL% 0.5M, Ry ** ms 67, $or My = M/M |
Rs = R/(10° cm) , %F M =14My, R=10km B TFEFEH, EH P FHEHN 06 ms. |
THHRBEEMERTHERE, CHRESER . Zheg SN B XETHTERY
BB AEER AR, HET « AR EN (r-mode instability) XHE 3 EM. KX
FM=14My . R=10km HHERERE, B/IREAYE 1.78 ms, LB R MIHTHLER (25
ms) EEEMME. BRI E (PSR J1748—2446ad) B AHIN 1.4 ms 18], 5
B EE BN HERE S E. YR, WATEXFERNIEY. YTRERERE,
HPAUEND, BEFE/NT 01ms. MREHHRI 5 P < 0.5 ms BikF B, HTTUFHELE
EFREMET TR, REWGEEIRM 500 X5 8 Hits FAST(Five Hundred Meter Aperture
Spherical Telescope) &R ARE LEEKW EHEMAHE. WRVZVEERLTHEBE
&, FAST RERERIEN]. Wb, MEEFTTETI M ENBCRWLEMR; FIEEN
2% LIGO f#RI00 - PR T A6 A S PR B Rk o B2 A B it 16901,

HAREENERETHPTE / SHENRRABHEERBNE, RERE7THP
TE /| SREMFERER/D (0.005Mp) , FEBEHE 1.25~1.44M " | BALFE 1.25M5
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24 . Chandrasekhar #fR/I. B4 H W gERMEI F LR BEAUTEE ? IENBEE/N F 0.2M,
BBk B, W@+ FEEPRBERLT.

4 TR FERE

ERESP TR LERIEE RO, FERERTURIY KPR, FRIN0N LS8
BBy F, MXBERBAIMEL X4, 1T 20 t42 90 B4R, Bk BBFSCRIL 64 Fros;
BEARZ TR X HL TE (ROSAT . RXTE, BeppoSAX ., Chandra, XMM-Newton %)
MEfTENEE TR FREMEMEREBCATTRE, NTIHMRXABE. [, X HE
e B e AR A W B S R B, BAOGFRILLSNEESS (VLT . Keck . HST | Spitzer %)
FIRA R HH TR FEMSRENRT. X HEM v HLUMMER T LR ER ik 2
BRI XHFRBRE, RFE X SR E (anomalous X-ray pulsar, B # AXP) U172 | 4y
O AHERE R B (soft gamma ray repeater, fij B8 SGR) [2=7 | o3 85 KK (central compact

-8 T s T T TR T T
10 - ATNF .
... % SNR
© hin:ry
+ Dplaret(s)
4 AXP T
10% > SGR
: v DTN
10 a cco
{ RRAT
12
10
L~ -
e
‘,“-.V_.
L’.’ - .
14
10
—
o .
~
Q,
o
16 P
10 F PR

y _UB=1010G 1

G

%o ./ RRAT I 11 Fmn
L0 AXMP 7 “. DTNI 1
i 11 2zl - 3

Za s aasal A sl M S

saanl

_3 -1 0 1

10 107 10 10 10
Pls
B3 Bkt 2 P-PE
By AR, S EARSE (0 P) . ¥ERE ATNF Pulsar Catalogue 182 [} %% 3CH#t (18, 76, 78, 79, 83-85] .
AMXP . DTN #1 RRAT # P K#ABA M, BT /7 BLHERE N0 ER.
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objects, f&i#F CCO) 1757 f1mE#h AT (dim thermal neutron star, {§# DTN) , FFPILZHFE
(isolated neutron star, fRiFR INS) , 8 X SERHESIIL T (X-ray dim isolated neutron star, {8
Ff XDIN) 7778 | IR FEEIKM B (accretion-driven millisecond X-ray pulsar, fii#k AMXP) (79 |

XUk B R ki 4 E#R S8 THK (HEFWH AXP(XTE J1810—-2197 f 1E
1547.0—5408) I T St g st BO8Y) | EATAHBM X HAB\S, HEEHERRAMER.
o EFFREEAUR FH BB, FUKWE (pulsar) X—#&E 20 B SB ik &
(pulsating radio source) ¥ BB E/ ZH & X, FHUHKENT KW ERREFE HES. XL
fkoh ERREHBEEAL, HHEMYFRTHELEE, S8Rl ik ESfH
MRk BRR K, EIHRATERE SRS, B3AHTHREEN P-PE, 45
I~ QUL B RN S (YA

THE#EH —HE v B A T SRR, 835 SAX J1808.4—3658 . X J1856—3754
# PSR B0943+10 .
4.1 SAX J1808.4-3658

SAX J1808.4—3658(L T A #F SAX1808) B—Br B2, A P = 2.5 ms® |
WF—AN/NRER X SERNE RS, BN 2R "7 Li %A B8 3t SAX1808 HyBF LR
B, HERE/D, FUgR -FuEE. BERWENER R, BEXR ro AILEER reo
WiEUTFTXE: R<rm<Tew, M R < rm(Mmax) < To(Mmin) < Teo » HH rm(Mmax)
il ren(Minin) 5 39 R R B A B/ MR 2. 7175

Foo\ "7 p 2/3 ; ar\1/3
6 [ Zmax - 2 1
R<276(th> 2.49 ms Mg (1)

HA Froax Al Froin K X SIERESARSHRER. AKX () EHE - 8 (M-R) XREL, 41
—% Roc MY/ Hi%% (WA 4 FBLR), SAX1808 RAECLT HhERAh B8/ MR A (A 4) .

3 L T T LI | | L LN S B ML) LI LI M | 1 ¥ T

2.5 F sAX J1808.4-3658

[ S IO W S U TR N SN UHEN NN GO S 1

10 15 20
R/km
B4 Li%A 5 3t SAX J1808.4—3658 B MR &
MWRHXWERN M R R BATREMHER, B R BHE/S, SS1 M SS2 BAMSHEMY, L&Y+ TES
B, AHSHEMERRKNSERN.
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EX—REHNRAESTERRZWEN, MR FEEREM T EE8AHXKEA.
4.2 RX J1856—3754

ROSAT TLEZE 20 40 90 FERAERM B T HF B (RX J1856-3754 , faiFk RX1856)
fy BhiE gt 7789 | RIS EERIME] 7 B DTN 8] | Chandra 1 XMM-Newton [ 10 #i78 5 fy
DTN f/h M BAEEE, MEXNFHEBRBMGH HH PO, BAERRENHFE
K@ﬁ%?ﬁ%E%&%ﬁﬁpﬂJﬁﬁﬁ@?%%%%%%ﬁ%.E%ﬁﬁ#&%mﬁ%
ARATHFE, ETRELECTERRAORES . BHESTREREMLRFLT
EES, FURESBHPFEIMFET AL TiELL. Chandra H1 XMM-Newton 7§ B EXf RX
J1856—3754 # X STERVAMIB R T AT A9 BRI, BAEMEL P, XM TEREMAE
— A H (66901 RX J1856—3754 B 48 4T BB 4.4 km 9V | B I XMM-Newton Xt RX1856
SRS HEH 7s BER B, XK ETS HORERRBAD, BT 4km, U
FRMER - RmEARELREAESH. X NERESLEBE 4 F,
4.3 PSR B0943+10

BrH X SR BLIA H PSR B0943+ 15 6045w IX T8 b & S sg SRR B /N — AN 4R
AR OV | XSRS TR, EYR T RS ER KR 10 km EK, AT
10 km . FFRARREA H M8 E X, h b, X—ERTURA/NREESEEER 9,
FHADMREEFR RN, MNARER K ER0E/N. BERERHTSEmEIREX N
R EPE (potential drop) , B T HAEGRIAKWE. FEHB THBANBNZ)E, EFHiTH
BRMRE R R AEE LB SR A I THELERT AWM ESR 0, HHERVRERE
PE{HA[AE] 10'? V, Ruderman-Sutherland B ZS[R]BREAL B0 (hsREEMRIF T4E. JEILIMT,
PSR B0943+10 A[gE R —BUREY 0.02M, MEZHE, $BH4N 2.6 km 99,
4.4 TIMMBEFRH

LLHNAR &L AXP 4U 0142+61 H BEAF7ERBUE 07, R T DIATeyHeml. RA 7 bknr
BRXGEEBREIERE R, RTINS HE Tk BRRELIMEFEAT H X HE
WIMEB S| A ERR.: i1 RX1856 19899 | RX J0720.4—3125 100.101] ' RX J1605.3+3249 [102:103]
XTE J1810—-197 104 % X BB I3 ARIMSLY, AETREFERBRE. HFRAETRENE
EA MR RYE A SN LR P RAFRRAGAE, X RERARE, SMERS
B, TEMER 1, kEBALRRKT ERXREWEHER, BERASH>4E (W 5.2
W), EMRBAZEESHFAFEMXRENTHEL, BB Eky ERXREEFFELRE
LR, SEMMAIT RRAT (rotating radio transient) 53 25 Hr AR g fkop B AR Ak, B4
BBk AR KA EEE, M2 TH/LEZE/LTAESINBENL I — 5 Ehkh, X
RIS H TR T ME S AR A A 100, 37830 80 4K B L B R AR 4%, 2
xR B AR 2 Fr.

5 HRH TR

51 BHEETREMK
BREEM=~M) HERETREEBFERALIBTER. A TETYRMAERN
FRYRBEBHER, UG TEFENRE, FA TR EMSR (gamma-ray burst,
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GRB) [31:92,107-109] 22 & B gk 42 F [7 ¥ (nonleptonic interaction) u+d——u+s %t & 7 B i
BHAMBROEEE, FREFABENLFED. X503 20 L FeHbREE, o
b DD R A= A HLE L0710 | MR YHER T REAARBNKEAY, W&l
ZHEML (dynamo) it B2 {3 #3780, i o BE B K oL F2 AE BUBE OB MUK BR (fire ball) , Al
o wFREREIRS, PMTHFELRTIER, RHRHRCERIPHT,
WHBFEEFHMTENY B, UATFHAERETHEXIBRERRARS, iT5H
YEROMERTE TR, EHWRERSTUREAEOYRZE. FUEFER
RBIRER TR 0212 WMEFH TR, BFEBEZMREE R GRYGHESE T
B, HRWEHN BRI 10 <T <30 MeV BEFMENTEL 109 em=- s~ | 1%
WREUEFMEAEFHERXBRERTER 10 ~ 100 02 | BRBTF (et) HEM
KER, FREFEBNYIBE. AFEBEERMARBABAERITKYE, X2HH0
TR Bk B — N BB (kick velocity) . KWW EMBREIAEHEZHN VRS ARE
MR AL 1Y X UEEANE RSB 5SmSR B, A
TR, [ A bk v B A B s (11o116]

INEBREGZRWERLBIRNEE, —RMiles 2EABER AlC(accretion induced col-
lapse) A BHER 07, EFERIZEREHEMNLES, TRERERZFAHEEYRA
B BNEESREE, Ouyed ® NATHFEMENSRENTE, BETESAHE
(quark nova) 81 "7 | b FEERORKEERESTER G, #5490 5K %5 ks
FE. WMoY EEMERE YR, WA BRBRMERTE 10T, s oD
BHEREX. BREPOLESEEFRBTL/NT 0.3Mg . X4 B sl 1 4 — 3447 5% 5]
HER R, WATRE™=EFTE. PSR BI257+12 ARE BEX BRI —MTE RS 109,
TR BT PSR B1257+12 i X TS XM L E R BRE R mARE/D 18 e
WA E/DNREN. FEBRBERA Pkt BEREH —PFRBEBGEE 9. RERR
B HBFSRME EH X AR, FEEFE A LFBIIK B3R peonr DU R
HFHERK (AIC) TIEM.

5.2 EREERAZEH

EHEAT, Kt BBHFH P MBS BENRREEHEM, EEREHNEAR
/N 14228) AR VBB AP/P = AR/ ~107° ~ 107 | X—NEBHASHR AR H
RSB (glitch) 124 | EEMFPTEMA S, HHRRAR ST TFENNZETBR+TF
W2 (vortex) BRIETFHA4T4L (pin) F1 2474l (unpin) . FH4THL (repin) ABH XK. 7R FZ
REFHL (B Wigner-Seitz JTHEK) BF, THRARR T UEL BB BT HERITH. K
IERIMETHE U2 SRR MR R NS IRE. XS EERMNThFEFASE
PR B AR AR,

Bk BEy B AERAR U AR BB YERESTE LR AW BRI R 2O
5). B TH35), B TENMER Maclaurin f#i5RE Ry 120 | BEE S 3) F A 0, WEREY
WREEZEEHB/DTIE TFRE. AHEERSTEPFEERBHNUING, ERSERREEMR
BERRE/MEER, TERBWMEEAEAE. YATY NRBEGERES, BEELER
WA =EREE. BIBRE I DEERKAR/D. BANETE, PUOEBZRERB/D. H
i, RS REEREHEERRER. £F -MTHE, ARBERET, REIEKSE
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REREOYFRBSEN M. +HREA, BERAERFERETLIAT] 10 J, 78R SGR
E M BE (giant flare) AYREHLHIE 126 | XFMBR MR E B BT BEE b, X0 6E Ak
Bin o By 12,

REEWERENES BALMAER &, (U502 3Lk i B i 5 B R 50 &4 [ 8
iEE 1271991 GCRT J1745-3009 ! ARt — IR BEH 5L B, BAA— /et
M (128 | PSR B1828-11 AIfER—BUMNRREWE (M ~1073Me) , Z—BH TR
F A st sh U2

‘ p
(b)

B 5 BESIEEMRNRER
B B8, BoREEMY Maclaurin R 120 | [ t = 0 HEKLTVEAIY, HEY co , KNS, BEERE
t B, PRRIEN o) . BhTEESHEANBES, ERHEY o1 (KT ¢]) . MRRARAGRNS, WEKHER
FERE, ATESTEGE o . ZRAENHHE BESETELY (€ = c]) WEfBs. R, NEK
SLETHETE (c = o]) WEEETRED, MM 0 BRM2EL, DRERRARIEIE, N8 SET FHGE,
KA AR HIZBE (slow glitch) (12122) gype ik A '

5.3 B5

R R Ik B 4 L 40 47, (L 35 — o7 ] o T DT e R U2 4% o B PR
At AT A Xk ERRSEATA S A Horh EZS IR 96 3 ST R AR il
ty, FEMAES, ENE IR ANTE R ATk B 5T o 38 41 R0 B — F s FR 30
% EH TR 99120 | 22w A BRIRIA N 7ERK o B R TH AR FE K JE R (sparking)
BREHTREE AR T, XS RESEIRRTR T (EERKET) EkhER
HH ARG EBH. ARy, P TEXERE FERUET TR 5 T 9 4
PLATI RS R 1YY | MERENREX S, SEEREMEINES HERMAEE
RIS, BTH2EERGBERE, SO RARSESE, TLURRESHE ), M
HREW TR (2-B < 0) MRk E (anti-pulsar, 2- B > 0)1%) #AE 4 i s #2 1421,
EBEENE, BFRETHRERFEA RRGESEE. %X EESHRER 138134 gy
TESX A BER b i AT B 8 P H AR LB RS TRk U199 | B Bm ST S,

B B R 2 AR T 7 X — AN IR A N, (E R E K BRI AR 40 4R,
XA SRR R, N T IR 14 3 5 57 I BB A R e AR DL A
WARRER B, B R BT Q. ~ 1073R3B1,/PY™" ™" | Hoh Rg=R/(10° cm),
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Bi2=B/(10° T), H¥JEH P IR RHALL, HERFRMAKT (MT)Qc , NIFFHEBUINE X
B/ (BEK) . Bk B 5% A7 b RIE AEBS N 5 442 P07 R BT s g, Xt
F Bk R R OB T 40 I T B BB X 12617

Sk oh B RE X STEREHGOMMATUBIEE, FtxAHgRMrTUEE PP
HefbiHEERs. T TS HASRURBR R ch F R S W B Zheng HA I8 AR T 28
SHETRETEMRFL. BRT c BAREWRE, BRI LyNeE, NmET R
FREHRHER, LANTLATRRSMENTHE, FRTFHMRINHGEER, r#&
ARBEHF RS 57 EARR RO RERETILETE 58 X SMMRHFEH.
Yu # Zheng "9 ZB T HREMA F RGBT, ZRALTAKRECESHAAKRSBHT
BE#DEBWIRT, HRBRYRKSBERSTYR. X—dBPREH SR mHE
B, NTERRSHEE, ARSMAEAKREAESHEAR. XERERLEFHLAE 10° ~ 10°
ERITTRAL 10° K fiEE.

6 EATFHRHIES IR

7 Witten #2147 =8 F Y F M BFAERF, RIUIBEWRTEFRE. MEVLIIER
WEEYRERUTFHFRPNES TR TFEEFE. TEARERITRESTYREWE MR
R: FHLPHEZRYR, BIERH.

HRENPRBHESTYREAR, BEFRARILTZEILT. FRESERN RPN TR
WokARHET, NHA—SBEMN, HARK (Z/4) B/, # B 7R LgmE 25
BHfERE, NTTEANEHEFHE. NRXIEERFHEREETHRARE, N E
WE, HRHRAEISRME, BOLTHAERSPHESSE. BRTHFRHSRIRE THRLE
SHAFRHENSEE 190 | Ao > 3000 B vo > 140 M3 R ARLAMTH. MR{TEEN
HRESH W e RE, HEE 1~10m™2. a~!- sterad ', HEREFES (10 > 140) Hi
BB/, mEZEHMAERE, Mk BB nES 142 FETeEg AN RE, &
R RSB RSs R TRR FinE BIGE BT 10186 eV, BB ERETH AL 149 . Cheng #I
Usov [142] 282 ek ek BREZPRTINE, FRFBWREL N 101 ~ 10° eV T RHHE
A% 25 m=2. a~' .sterad”! .

o G (AMS) KB ITERBRAE—ME Z/A 0934 U4 | MEX —HERELHIHF
AREEE, NBRETRERE RIK. MR AMS-02 FRBIFE LM LA HE, NESTFETHYK
HEB —HBEARNER. ELXTEHERYNATTSHCHE (28,145 . BF —EFZY K
FIH MR ERIM, "SRR [56]) PHE 3.

T RAEg5EE

BRH Landeu MEFTRESCH 70 /R4E, RAKWEME 40 RE, AT Fhkap
E. P TEMNSHEXANAGTARNRR, HERIATTENHBYUINNGH, NREFE
LR, W5 LEE HERHEREB.

EXNET REXNEHEMERHERE, 80T REKS EFEMEANE: MR+
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TFENTHEXRMRA? RINEAFEE MR —WRE, HEESMABTLHREPE
M —FA. BRI, ATk B TREREHRT —25. MRUEATARIIRERS
FhRHI kP BRR K, FEor ERRATRETRE. ENKNEHERS MRS R
M. P TENSEERAARMER, B3k ERREE LR, RS54, FEx
XPMEREHEE, MRBAEMN LEASEENFE, M TRINFEAEBREABRM LN
RAf#-H AP R EY S B R T2 FRN. AR EL B2 ER, AR
R PR UL B A R (E B AR B2, b TRUBIEAR, RITPBAREXT
Bkt ER R RF FTEERSRENFBEL R, 5K, RINELFXE—XEEHA-
—HTHERESTTENERMACLHERA, A—FTELHENFESH T R EER
HAEH FERMMAFAE. Rl BETERE TR =14, %?%W%E*%Ei%?%i%
FREA N BRAER.

KRk o B ALY A B RE P, AR R R ARAE QCD AR B B iksriE. Bt QCD
RS LS F TR e EY R AR ARSI, B, kv E4ME R E
B R ARG AR BALER. FHAXTAY SRSy RESHERE TR
SHYRAEREROXA, U SRS BB - LR O SRR B AR R AR ELAE Y
HEFR. EZXRTE 0N AR LHHRT S5 30 (56,57,146-148]
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Progress in the Research of Quark Star

YUE You-ling, XU Feng, LAI Xiao-yu, XU Ren-xin

(School of Physics, Peking University, Beljing 100871, China)

Abstract: During the 1960s and 1970s, hadrons were suggested to have substructures, i.e.
quarks. In the 1970s, asymptotic freedom was found in deep inelastic scattering experiments
and soon proved by theory, which inspired the idea of quark matter. Does quark matter exist?
To prove the existence of quark matter or not will put considerable constrain on current theory
of strong interaction. Quark star is one of the possible existences of quark matter. Studying
of quark star is an effective way to understand superanuclear physics. The kisiory of pulsar,
quark star and neutron star is briefly reviewed in §1. We iniroducz tlie development of quark
star theory in the early stage and the recent development ¢f color-supercorduciing. The relation
between pulsar, neutron star and particle physics is also presented. The difficulties to distinguish
quark stars and neutron stars ace mentioned. In §2, we present phenomenological description
of quark matter. Phase diagrams corsidering color-superconducting and quark-clustering are
shown. Possibie olor-superconducting phase such as color-flavor locked phase and two-flavor
color-superconducting phase are discussed. The highly non-perturbation property of quantum
chromodynamics and the difficulty in lattice quantum chromodynamics are discussed. Possible
evidences for quark matter from heavy ion collider experiments are mentioned. In §3, we summa-
rized the general properties of quark stars and their differences from neutron stars, including the
surface electron layer, the idea of bare quark star, the mass-radius relation, and the upper limit
of spin period. Recent research progresses in the study of quark star are summarized in §4 and
§5. Possible ways to distinguish between quark star and normal neutron star are discussed, i.e.
by featureless spectrum, low mass and small radius, and spin period less than 0.5 millisecond.
Several quark star candidates are suggested, i.e. the accretion-driven millisecond X-ray pul-
sar SAX J1808.4-3658, RX J1856-3754 which has quite good featureless black body spectrum,
and PSR B0943+10 which is likely to have small radius. Infrared emission and possible exis-
tence of accretion disk around newly-discovered pulsar-like stars are also introduced. Theoretical
works including possible formation scenarios of quark stars and the connection to supernova and
gamma-ray burst, the glitch phenomenon and star quark model, and quark star surface property
are presented. Finally, a short introduction of recent work on quark matter as cosmic rays is

given in §6.

Key words: astrophysics; quark star; pulsar; neutron star



