64 % 561
2023411 A

D G
ACTA ASTRONOMICA SINICA

Vol. 64 No. 6
Nov., 2023

doi: 10.15940/j.cnki.0001-5245.2023.06.009

BRERYIRE. FFRTNHERE"

e

X 30 7R L

Fail

T3

B A

(1 IMAFNEMRZERERFRT A5 FHFHAE T #HM 225009)
(2 AT AFHEFIRRXFF L 100871)
BUAEAFZYEESEHEAERE £ F 4L 100871)

WE X TR A RS R, RS S R 5 2 s R (R ad % sa ) 4 ol s o R e v

T X = 2R B B ST AR T, WE AL I Rad % S R A BOR X FRRE,

WA AR E R

NETHA ~ 1000)H RAaE. LML, Bl B Hud % 5o i BRI B0 2, Hluds 5
B B HE P U Seud S TR R A5 R AT AR SR R AT B R VR AR, ud % e R
HRABUNAAR, TR IE R ) U i K ud 5 s R BRI AR S AT 2 (8], 3 el XL 28 1 o B A A i

HNK AR

XiE BRE, BEYR, FHK SRE
HhESES: P145;  CEFRIRAD: A

515
=1 3] /7% (Quantum Chromodynamics)#
B 5 R EL A T [R] A B A W 3 1 e A £ 2 P A
AAERT, B N AT Y B AR % R K G &
RAFREE AR A 15 s ot i i S L R
FE IO TR S8 25 Ao DASEIRL, H 2 50 7] REAE M R
PRIREE AT R A, antE B A R I 51 34 it
P2 R RGN I G I AR 2 T il A Y 540,
X FEwAE R, RS d.
s% SO AL UK 7T 25 SO A Az i S A e 0 [
1 5 B TP AT BEAFAE A S AT R S S M SR B
i, mEr R T, R R EE A
Jo By S USSR AR, I — e AR B, FAE
YRR B R B 2 3 s BT E KRR, fiw R
FFA TR E M XM T, FRE W
Yot R AT BEAEAE TR 2% A2 1) b0 BO7E B 1l
2022-10-13Y 2[5, 2022-11-01H 31 ik

S T R R R AR I AR

T, FEENMEo B RAEZE P, G A0l
TSR SR B, AATR A Hu. A% 0k B
7% SR (ud S e MR ) T Re E AR E 1], S HoAth
B4 2 T MR g5, Jitk, 585550
PSRN, 528 T AT REAE TEud 5 5 ) 5 (41116 181
ud% e RO 192 GBI, £ud®
J5E IR PR BEBLK, R JL W J5t [ 2 76 45 S R /0N I
e 2281 L B ud % e ) T [ o Ok AR R
A2, ud % o 2 3 I ) 4 AR 288 1l T X 2 Jt [T R R
IR 7 R S5 1. TRk 2 4k, H 2 A7 784 Hud
5 50 W) 5T A L T R RO B R A, Rlud S SRk
i [22-23]

AL T EAR D ud % 5O 50 R g A e ud 5
s )5 B B RE e, JEAE Rl 2 Bk — B g
ud % v R AR PR BT, AR I, EXTRRAEER

*EXR EARIEESTH (12275234, 12342027) FIAEHEHISKAF T H (2020SKA0120300. 2020SKA0120100) % Bl

tejxia@yzu.edu.cn

68-1



64 % K X ¥ Wk 6 3

K ETFHA ~ 1000MHE MudS 5o i R E.  Matter, SQM)TEA % AT IR A R0 T )20 fr &
A A G B, wd B BRI H AN Théeonfi M ETF, /)

(2442, TF 340 R 7 26 Tud 25 5 8 2 1) 2 A U 7

T2, 33 5 B R ) 6 R B R A R /N eonfz = €0 +4es (f2 = fz0)” . (1)

RREEATE. K =W R Be BRI, R
2 EFH., ESEYERAURSE = Z /AR, oA ZR1 A%y 5 3R N H fur £iORD B
FHL é/lfz = fzoﬁﬁ$4i$%§E%/J‘(€DM = 80),
T S 06 S 7 2 B AL T T e 11
NTBREE T wds )i DL A 571 FIH. FERBHNZ, R T udS w3 e &
PR BT, FRAT B 5 0 A8 R L6 ) Jo 4 (41 i A% P o Y o1 EE R E AR AR RN, HE, T
(Nuclear Matter, NM). ud% ¥ fi(ud Quark Ti B, AT ANE T TR A R, I
Matter, udQM)F & 7 % 5w ) Jifi (Strange Quark fBE (1) 2O R4 5 1 B 5505 B2 R

%1 AXRANSRFZE(NM) P2, wdE 2K (udQM) M MFFE R (SQM) P RS HE. Bitkz s, 5t

FudERZMRMTREZWER, BI1EE R T ERIFREE(es = 32, 40, 60 MeV)
Table 1 The adopted parameter sets for nuclear matter (NM)?2472% ud quark matter (udQM)™¢!, and

strange quark matter (SQM)[%]. Larger symmetry energies are adopted for udQM and SQM as well
(i.e., es = 32, 40, 60 MeV)
no/ftm™3  fzo €o/MeV  es/MeV  o/(MeV-fm™?)

NM 0.16 0.5 922 31.7 1.34
udQM 0.22 0.5 887 17.35 19.35
SQM 0.296 0.1 924.9 18.2 15

FJ1F0 T (1) % 2 KT 78 R Exugget (A, 1) =
JR2425) | udzs o R OV R 25 5 2 R 2O iy 2 L PNV
B AR, F1h AR s B R amUd+g%@%hﬁAm+a(%£> :
TFRE BN LR F = 0152 Hh CH A 60 E @)
EBHUAE I R AR RS TS bE 1SR H i % § B
ML £ o) B AR 2 R4 R, B30 LB I (1), BB T e
o o 0 s AR F B BBk RS A0 45 B 8 B = 1/137), i 48
Tk T RE TG f = 0. Btz s, M \ ! i
b o L SNSRI TR . F 1 A B AL S ok
ot Fud ST A 245 52 SR, 2 U 1 IR e " /
o 1o R R A R ) 22 TR e . % TR [ B A R 2
Hee T EoRIE T2 w o RE R DTmk, 12 ve 2 18] B 4R N
T o e T o A 7E B 25 5, 1B T ol i
AR R (B0 -2 7 AE b 2 ke K B e " A S
o7 31 g _ fH. X T4AE R ETHA, AT (2) AT 5y, 19
ERHUE RT3, R B Te, = 324 S 17 5 5°F 58 s B
40, 60 MeV T K2Rt %5 5 M 0t Bk B hud 25 PR - i

PR 25T DA S ud s R A . 1, = 20702, , 3)
EOR RN S, % A R AR R, T V/36mnoa A’ + 20e,

HUAR L HBE £, 20 58 (R T ud 490 5 B L 4 T ARTLL R £, HO R SR, 3

T 75 5 T R T TR (e rugger) B F LA 5 FR IR Z = frA.

68-2



64 4

RIIREE: B pilal. &1 MBUE R

6 3

B4 B 7 B B R TS B R T A%, udF 5g
Y5 A DA B 23 S 1 1) B R Ay R B 28T i o EE
HARIAG K ZR, Forb L R A I A2 B~ 25 1F, Hi(3)
AHE. B b R OSSR A, B T ARG N,
PR E 2 b 5 A% IR B FL AT £ ANO. BB I T 4 51
N FE, TR E T REAAFAE — D R MEeNugger =
930 MeV, Xf R F50Fe. BHHE AM K, enugger TLHA
Wi n, S R TR B R AR B T AR AT R
ARESE, WA R B DL IR AIE A 10 8% E 5L TR AE
206 Hs 28 2, M H AT S50 2 & B i 3 5 1A 0
2940g30). JHF A% B AL HE T BEAFAE AR /MEL (PO Fe) K B
TR A AR mit, 8 B R 7 A A
TKAT.

1 AT R T4 ud e LU a5 5 TR EL
W (fz, £)MBAETHE (nuggers ). B ZAAR AL
PR SRR JR T 20C Hs 32 734] | 35 ud % sa MR T A7 2 A/

T2OC Hs U T LARHERS

Fig.1 Charge-to-mass ratio (fz, upper panel) and energy
per baryon (&nugget, lower panel) for S-stable nuclei, udQM
nuggets, and strangelets. The experimental data for the
heaviest 3-stable nucleus 2°6Hs is indicated with the open
[32-34] ' which rules out the udQM nuggets that are

more stable than 2%6Hs.
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Fig.2 Droplet size Rq, WS cell radius Rw, baryon number A, and charge number Z for the droplet phase in white dwarfs and

udQM dwarfs. The corresponding values fixed by Baym et al.[36](BPS) are indicated as well.



64 % RIIREE: B pilal. &1 MBUE R 6 341

BT (4) 3UHUF 19 B %R Aud % 50 2 W) 5T Y 2 Aud =5 5k B W) 5 BRIR A T R R el AT 21 ) 5
RERHE, Wt — D oH R4S B B 5, B BoPERA B LR, AMFENEET, uds
dE SRR YR e B E L G AR 2R A S

P = ™ g E. (6) 2. Bk, WdE RS G AR E TR, Hi

RAERAE AN E. JE5, HARFRAERM, ud
% SRR SR SRR, SO S Hud % 5E 8
4 K. I3 B s B ST AR 4 T A
BEIESAER A I, SBPSHA 7 12
AR50, A P A o B K 0.5

H UL FRATTA AR B 7 3 R Flud = 58 7% B )
FUIRZS TR 7R3 Al 2 b, 38 3T SR i Tolman-
Oppenheimer-Volkoff /5 72

dP _ GmE (1+ P/E)(1+4mr°P/m)

= , (7
dr — 1= 2Gm/r O oA (1R 1R R R0, RV 51
Ay o (5)  WEERFRACLGARN. HE R
dr B AR R ISR F L4, 1R IR R B 72

FAT DL B 5 20) B R A Aad % 7 R 2 ) R e 3G RIF 5 BARSRE. SR 1, 1B rh R A~ A2 AT
EREX AR K (1) AP G=6.707x10"% MeV 2 SR R R TR TR A g A R R AR O i
NEIITEE, rNERFRER NI FARDR, m(r)R B, SR RE R R K RIE. 55—
NI I A B ) [F)Co BR A BT B BT ) 2 AR o 8 i i I, REwd% e g AR E T, HEH
H(8)AAR 2. B3R T ]I HARMARKE  FRAERNE M2,

r . . T T T T T
E——NM 1 o
106 F - - - - udQM (g, = 40 MeV) |
S udQM (g, = 60 MeV) ;
_ ; 3 o 10"F 3
T l =
< 100 ; g
> =
g b E 10_2 E 3
S ] |
* o) ] |
; 1 103 ¢ ----P,=10""? (MeV-fim™3) E
| I S e P, =103 (MeV-fm-)
10" 3 i L 1 1 ! 1 I - Pb =10 (MeV-fm'a)
E 5 3 -1 10* "
10 10 10 10 1000 10000
E/(MeV-fm?) Radius/km

3 KB ARERud% SRR T RRE R, A ARERudS SRR R E-EERR, Hh SRR BT ud 5 R R R T o
EFHWBR R, B REAT0.5 Mo 44 SRR I (B 10 B AR B0 T I A 74 AU IR R AR 5 /N ) (1 i 1401,

Fig.3 Left: Equation of states for dense stellar matter in white dwarfs and udQM dwarfs. Right: Mass-radius relations of white

dwarfs and udQM dwarfs, where the three dashed curves indicate udQM dwarfs covered by normal matter. The four dots with

391 while the seven dots below present the white

[40]

masses larger than 0.5 Mg indicate the typical white dwarfs’ masses and radiil

dwarfs with unusually small masses and radii
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Light Quark Matter Nuggets, Strangelets and Compact Dwarfs

LIU Jia-yi!  FAN Zi-xuan! = WANG Li-jing!  XIA Cheng-jun' XU Ren-xin?3
(1 Center for Gravitation and Cosmology, College of Physical Science and Technology, Yangzhou University, Yangzhou
225009)
(2 Department of Astronomy, School of Physics, Peking University, Beijing 100871)
(8 State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871)

AgstracTt Light quark matter (i.e. udQM) comprised of up and down quarks might be stable with
respect to nuclear matter and strange quark matter. In this work we investigate the stability of nuggets
made of such types of matter, which shows that udQM nuggets at certain sizes are more stable than others
if a large symmetry energy is adopted. In such cases, there may be compact dwarfs comprised entirely of
udQM nuggets and electrons, i.e., udQM dwarfs. We then examine the structure of such udQM dwarfs
and consider their possibility of being covered by normal matter crusts. It is found that udQM dwarfs
typically have smaller radii and those covered by normal matter can explain the recently observed white
dwarfs with unusually small radii.

Key words white dwarf, overdense matter, cosmic ray, quark star
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