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TEA. B, ARBFFER AR A A50TT EAER SR F B
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DA% SCHR [15]. 78 S8R0 e A v, 265 5 1Y) ot ot
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m = m(ny) . FICAATAT ABEBEAS R B9 v B im b
B, T —J7 AR IE 2 i e 2 e 2R 48 QCD 3
W EEDR, I — I AR AR 2% T S sl
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PR BRE JAk, S GaE 5 | A G R E e
R E T BPRLF A3 TT LUK QM ByFA ) 27
PSS NA R IE R, 30K R A S A BT
P GNP CS

TEAE RO IR AR R AT 2 AR FE AT LA
HH
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’ (1)
Hr i=ud, e BMCE 0, d EHBET e; v =
VieE —m2 o iR ok s T u, d S,
iR g =6, X TFTHF e g =2. FT il
BT m; HIE— T LS R
m; = mio + mi(ny), (2)
Horfr ) myo IRF P EL, X T u, d S AHEF
HAB 4> IBCH 5 MeV, 10 MeV 1 0.511 MeV. my
ShyRE ¥ o E ) AR AR R 4, AE SCHER [15, 30-33]
i HEAXBE LM SHMER. HARFASE
SEAEAER, FrLLmg JXT u, d 5 G50
FEARTIR ST, FRATT SR FHAUT 300 2 Hh 1Y) 5 o o i
P 2

D 1/3 np —w\] !
m; = miy+ —= +Cn 1+ exp
)
D
=m0 + 7 + C’n;/?’f(w, N} M) (3)
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(3) A E — DR TR -7 AR A
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TE SRR TR T Bl e e 5 AU
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X, HHEF e MR35 BI LA H 0%
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SO SO
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FERIXF R NER QS, HARTH A 0, RITE QS 1Y
RIMAFFERE I B AL ME O, T 24T yr
HEATIBIE BY;
4mR3Eg
T
Hrr, Egh QS BRI RE R %
B, R TR S, RATIE MBI LA 2K
B IR R I A AR B ) S5 A5 B Yy, BRI
XA h=c=1. 74, 76~ B BIE T 2
H B I EAE MeV FI fm 22 [ EA 78005, 2 AT
A KR ZE 1 MeV = 1/197.327 fm ' 5 1 fm ! =
197.327 MeV.

YR = YR — (18)

3 BKEHREREIThH

AR u-d QM e R fA7E, RAEIA Y
RS, AP EFREEN/D T 930 MeV, HEI/NT
Fe R F#% M8 FRe . L, EE 1 IRAT14
H TR TS (w/fm 2, na/fm %) 2SI Bk
(4.0,0.6), (1.0,0.6) Al (1.0,2.0) A}, Jit & b5 FE S 8
CH VD W XRFR ML, Hrh 3 HSHE NS R Sy
HFARIERE 1(a)—(c) H. FEIP OB T
XN ) 2 BUE 2 QM V-3 BE i 1Y i/ ME
(E/np)min = 930 MeV. b T XFH, FRATL 1T 245
b B P A R R T R A (D ek T
flw,nasmy) = 1), TEA TP L AL FRR. R
PETTH, REARLL SR LT (B R 2R 1 X3 () 2k
25 (B /mp)min < 930 MeV, B u-d QM 14
XPRRE DI AH S, & h 48 b T X S b i 2 80 4
(B /np)min > 930 MeV, BIEE u-d QM BIAFR
FE X,

FritzAh, B (3) AXFTLAVAE h, MR EinES
B C < OB, BEE B E T =S 5o i A v RES AR
TR, XA LR AE Y B RGN % Bk . DR
El 1(a)—(c) 5T my =0 (MLALRESE u 5 5 i
FTENRFEME B WG K, 5 d55m
T A LG u % 5 BT i 2 e NE 0) B, 248K
CHIVD R R ML, fEEI g 4 oR. it
AR B A T R I A 4 SR A 4 A T
R FR. R, & EALLMEL LiX
B SEUEA Hm, >0, BMCERS i 4 B
X35 AH S b, 25 5t it 260 T T Xk 9 S8R
oy <0, BMRERS s A5 HIC, T2 HE R

Pl W EAR 24 TR AR EE PO 2 O I R T
WIRZSEC <0, BB n, B K, my BSTE
JEUE R B R AR A, R R i G L4
ISH R ARIE Y B A ST 1.6 fm® (HP 10 £%
WAL B, u S5 i my, > 0.

200
---930 MeV a)
---my (n,=1.6 fm=3) =0
1 - u
Z K u — 930 MeV
E 150 [(—0.3, 160)‘\ —— Minimun m, =0
< \
A (w/fm=3, n,/fm=3) =
125 F \ (4.0, 0.6)
100 . .
(b)
. 175 F &\ (w/fm=3, n,/fm=3) = (1.0, 0.6)
[
NE 150 F
S st
100 R 3 .
¢ (=1.0, 175) (c)
175 F L (w/fm 3, /fm=%) = (1.0, 2.0)
(0] ¥ \‘
NE 150 [
S 1asf

1 uwd QM MRER O, 20O K ERRERA % B
I PR T A u-d QMBS G SE DX, i I 8 DX 3R R S el )
FBIAJE u-d QM R E XIH. 7EE (a)—(c) H, 4 a8k
ASEAR N -2 P E N RS 3 S R N DS - 3 A SRz
M7 K F TR i /M T 930 MeV I VD B C (725 4L
k. (S0 5 i 0 R 0 ) R4 IR T 5 A
HGREBHETHYmi=00 VDI CH LMLk . A
(a)—(c) F I (w/fm™3 | n,/fm~3) ZHEPE M _EHE T 505
4 (4.0, 0.6), (1.0, 0.6) i1 (1.0, 2.0)

Fig. 1. Stability window for u-d QM, the red and blue areas
are the absolute stable regions for u-d QM without and
with attenuation factor in mass scaling. In the panels
(a)—(c), the red solid and dashed lines represent the curves
of VD versus C with and without attenuation factor, re-
spectively, when the minimum value of the average energy
per baryon is 930 MeV. The blue solid and dashed lines rep-
resent the curves of v/D versus C with and without atten-
uation factor, respectively, when my = 0. The values of
parameters (w/fm ™3, n,/fm™3) in the panels (a)-(c) are
(4.0, 0.6), (1.0, 0.6), and (1.0, 2.0) from top to bottom.

Zr Lk, 7EE 1, 4% RN R u-d
QM FoE X I R 4140 S 5 il (o S 2 ir e X3,
Pl v FH €8 B 52 IX O 3R s AN R s K 1
i, u-d QM AR RE X k21 (8 e 4R 5 15 (0 i 2k i e
X3, 7 AT R R ok .
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ME 1(a) FTLAFR H, S8 TS5 (w/fm 2,
ne/fm™3) = (4.0,0.6) i}, u-d QM Ay SE X 5 A
% SR R IR AR . SO 2 (w/fm 2,
ny/fm ™) = (4.0, 0.6) B, FEWH T f(w, na; np) B
JEAEA K, HAEHGE T 1, X AT LA IR 2 i 28
O LI . X 2 B0 v i B ny B
ARG AN RIS R T IN 22 AN, DR R R 2
T u-d QM BIFSE T HARF R, Fel & P sk ik
P E RO T EA (R 1(a) PRILLESE
HLLORL). TR H R RIE v S R
EEBEARET 1.6 fm? B K TE, AR 650
AR AT LAGRIIE v 25 e BB AEAE A R T,
BT AW A AT X5

1.1

10 (w/fm =3, n,/fm—3) = (4.0, 0.6)
0.9

08l (w/fm=3, n,/fm=3) = (1.0, 0.6)

0.7 -
0.6 F
05 (w/fm=3, n,/fm=3) =
oal (1.0, 2.0)

0.3
0.2

flw, na; )

02 04 06 08 10 12 14 1.6

np/fm=3

B2 s A 7 2 A2 Ak 4
Fig. 2. Curves of the attenuation factor as function of bary-

on number density.

J34h, NIEL 2 AT LLE IR B0 N S8
(w, na) BUBH I Ul A 1 i AR, RS
S w Fl ng BRGNS, I LABINIY w Flng 1Y
W2 S BRI & AZ AR (AnlE] 2 thar 5
2 i), BRI RS E B AR AR R R L Gl
XTI 1(a)—(c) ATRAE Y, BB E N 75
HOT DA R u-d QMR XS AR, AT
3 QM A R IHERFEAALE. Rl (w/fm ™,
n,/fm %) = (1.0,0.6) B, JLAS A DX I T ARG R A
2, 3 R DRy I SO0 0T B B 1) 5 T e R 3L
. R e X UE AR S BUE AR R B AR S
¥ DT, 8 OISR R, )Rz IRk, st
I, U T 15 AT R B SR 1) 2 FO AR A
YEF | BRI A8 e/ FH A AR AR (X R
2 C I D B BUEIEEIEAE R T), A u-d QM
AR IRERTRE FEAE.

KT u-d QM BPIRSTTR, FAIERE

Ahikss 7 3 HSE R 1Pl a = (-0.3,
160), b= (—1.2,190) fll ¢ = (—1.0,175) K £ ~, 1§
5 B R o BRSO VD I IUE. H
, SE o LT T (F5 TSI A 1 R
SR ) BASE DX 2800 e T E IR
LR I A AR DX, [RIIHAE T AN a1
I B ANEEE DX A8

Kl 3P4 T u-d QM BYF- 3 & ¥ hE
I R 2, Horh R SR N S
K1y SO R Bian, B S 2 i S 40 E
A (w/fm ™3 n,/fm™?) = (4.0,0.6) H.(C,v/D/MeV) =
(—0.3,160). M B 3ATLIE H, 3HSH (3 4%
20) e i/ N E T REE AN T 930 MeV (TR
P FAS [] B 60 1 S0 AR ), PRI 7 A 8 o
u-d QM J& 1] DIFGEAFTER. 250, [ 3 22\ h
3T u-d QM R (3 ARMEZR) BE R EE 1Y 8 1k th
2k, HIEGR N F AL 6 B 2br . [M, W
FRSLER GRARRRIIT Z 22 A (RVRBRE ) FA
) B0 A S0 = AT S AR . NE R T LA Y, &
ANV-B - RE B R A T AL i X )
B AR, X e Tz B AT A AR E. BRIt
ZAb, FeAT K B /N S R S B A ued
QM BPIRAS T FEEEAE, AT AT LASCHF 3R B & 1Y u-d
QS MIFFLE.

1500 600
Energy per baryon

- a 4500
—b

- ¢ 4 400

1400 P
1300 |
1200 | /
1100 | £ 300

1000 4200

Energy per baryon/MeV
Pressure/(MeV-fm—3)

[ Pressure
900 | "t a
R 100
800 | ---- ¢ .
700 F==m=e=szszzzzzzzz24F 1°
600 ! —100
0.1 1

Baryon number density/fm—3

K3 VI T RE RS R R R AR il £
Fig. 3. Curves of energy per baryon and pressure as func-

tions of baryon number density.

H T AR5 u-d QS M R % AR, 3K
T AR QM PR ASTT#, BUER o (1),
(12) F1 (15). —MEWI &, b TRMLL L RE, 0l L
JbhiE— QS M LEE ng, FIAPRS R 5
XTI P R iR R B 1 2% B, SE Ak SR A AL B T LA
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BB QS B K r A RSR P(r), y(r) FI2PEAR
o BOBRIR A 0 A () . SR JG FEAR 3 L s
(BB VSR A N — 2 AR X0 1 A A B 3]
JEAET 0 1k, R RN r S BUE 2 iR
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Abstract

Strange quark matter (SQM) is considered to be the true ground state of the strong interactions, but recent
studies have shown that ordinary quark matter (u-d quark matter, u-d QM) may also be the ground state of the
strong interactions. By inserting an attenuation factor of Woods-Saxon potential type into the quark mass
scaling, the resulting calculations of equation of state of u-d QM based on equiv-particle model show that the
stability window of model parameters for stable u-d QM can be significantly enlarged with proper model
parameters, which can be seen in the following figure. In this figure, the red solid and dashed lines represent the
curves of /D versus C with and without attenuation factor, respectively, when the minimum value of the
average energy per baryon is set to 930 MeV; the blue solid and dashed lines represent the curves of v/D versus
C with and without attenuation factor, respectively, when m, = 0. Thereby, the red and blue shaded areas are
the absolute stable regions of u-d QM without and with attenuation factor in mass scaling. It is obvious that
with the attenuation factor and proper model parameters, the absolute stable region (blue shaded area) for u-d
QM can be much larger than that without the attenuation factor (red shaded area). The introduction of the
attenuation factor allows the maximum mass of ordinary quark star (u-d quark star, u-d QS) to be larger than
twice the solar mass, while the tidal deformability satisfies Ai.4 € [70,580], which is consistent with the current
astronomical observations. Therefore, the pulsars may be essentially the u-d QSs. This result provides a

possibility for understanding the nature of pulsars, and it also further deepens the understanding of the strong
interactions.
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