e e

B lak HF4 M
2uol #F 12 A

BT E® AT

Nuclear Physics Review

Vol. 18, No. 4
Dec. « 2001

——— o ——

Article ID}; 1007 —A627(2001)01 — 3245 — D4

Quark Mass Density- and Temperature- dependent
Model for Strange Quark Matter

ZHANG Yun, SU Ru-keng
{ Department of Physics, Fudan Univeraty. Shanghai 200433 , China)

Abstract; It is found that the radius for a stable s(rangelet is a decreasing function of temperature

in quark mass density- dependent model. To overcome this difficulty . we extend this model 1o

quark mass density- and temperature- dependent model in which the vacuum energy density at ze-

ro baryon density limit B depends on temperature. An ansatz B=B.[1—a(I/TH+b{TiT V] s

introduced and the regions {or the best chaice of the parameters are studied.
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It has been expected that a new state of mat-
ter, namely, guark-gluon plasma {QGP) would be
formed in relativistic heavy-icn collision, Much al-
tention has been attracted to scarch an unambigo

ous signature of QGP in recent vears. Greiner and

U argued that strangelets might be

his co-workers®
produced in ultrarelativistic heavy-ion collisions
and could serve as an unambiguuu~ signature for
the formation of QGP.

Quark mass-density dependent model supgesi-
ed by Fawler et alt®™ has been emploved by manv

¥ ta study strange quark matter (SQM)

authors™~
recently. This model can provide a dvnamical de-
scription of the confinement mechanism and explam
the stability of SQM successfully <1a the sugges-

tion of a density dependent masses for u,d and s

creases as the temperature increases. This is of
course unreasenable, To overcome this difficulty.
censidering the fact that the mass of hadrons is oh-
served to be dependent on temperature. we extend
the QMDD model to a quark mass density- and
(rmuperature- dependent (QMDTD ) model. and
shiow o after a suttable choice of the adjusted pa-
rammeters in the funceion of B{T ). the radius of the
strangelet increases with the rise of temperature.

According to QMDD maodet. the masses of u.
| quatks znd strange quarks (and the correspond-
iy anti-quarks )} are given by <%

B .

Yy = s g=u.d.d.d . (1)
s :-’?z:la+ £-. 1 2)
3,

where 7, 15 the baryvon number density. ., is the

current mass of the strange quark and £ is the vac-

quarks. uum energy density mnside the bag.
We witl prove in this paper that a difficulty The thermodynamical potential i

emerges if the quark mass density-dependent n = SQ‘

(QMDD) model is used to describic strangeleis at ' AN

finite temperature. The radius of strangelet de- == E’a”’r\_ . dk dAk [l + et 7] (3
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where ¢ stands for u, d, s {or i, d. =) and the
electron e{e* ), g is the corresponding chemical

potential. The number density #,, the total pres-

sure p and the total energy density € are given by rel

30
E,: 1]}'3 |T"h {41
1 a2 f‘n.,)l_
P V aCi/m T
o q,an
*fV+Vnm|”' ’ R
0 L - T a0 (83

A AL vV T en

respectively. The baryon number density 7, reads
iy = o G+ A D (7

The conditions of charge neutrality and chemical
equilibrium are

2a, =94+ 0, + 3. . (8

Hy = Hav M= M T ope (R

Now we are in a position to extend our study

to strangelet. Instead of plant wave, the density of

states for a sphere with radius R reads"

%1;_.: l:kziﬂ_fm(ﬁ; ES +
§2G _J C+ - ] (10

where V =4/3xR?, S=4aR', C=8rnR. g =8 for
gquarks and antiquarks, g, =2 for e and e*. The sec-
ond term on the right hand side of Eq. (10} corre-

sponds to the surface contribution. It is known '

, £
f:n"% :—ﬁ 1—%&[(‘1:3!1”—{:‘ . (11>

The third term was proposed by Madsen®'"

wim] 1 ro_ &)
S l IJ o 12:6[ 2m, [ arctan m,,l] '
(121
For the strangelets, the stablit¥ condition
reads
aF
SR LI (13

where F s the total free energy.

The curves for' F per baryon number A vs K of
QMDD model at zero temperature and at T= S0
MeV are shown in Fig. 1 by solid line and dashed

line respectively. The values of A, B, m, are cho-
sen to be
A =20, B=170 MeV¥ « fm™?,

m,, = 150 MeV | (14)
Tt can be seen that the radius determined by the
minimum &/A decreases when temperature in-
creases. The resulting temperature dependence of
radius R 1s displayed in Fig. 2. We see that (T is

a monatonously decreasing function.
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Fig. 1 The frec ...
dins R, for temperature T=0(—), T=50 MeV In
QMDD model {(-—-)and T=58 MeV, parameter g =

55 in QMDTD model (-]

rgy per baryon F/A as a function of ra-
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Fig. » The radius R as a function of temperature T for
QMDD model.

To overcome this difficulty. we introduce an

ansatz, namely
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B=Bu|:l—a|‘%‘+b{:}£(:l:| . (5

' T . ’I'lz
B[1 —al% +5 7| |
Mo = EER
(g =u.d.a.dy , (1463

r T [ A
B[t~ alg |+ 7] |
374

Mo s — My +

L]

(171
where a, & are two adjust parameters, and T.=170
MeV is the critical temperature of the quark decon-
finement phase transition. Since B 1s zero when T
=7T.. a condition

l—a+4&=0 (18)
is imposed and only one parameter u can be adjust-
ed.

Introducing Eqs.- (161 and {172, we extend
the QMDD model to a2 quark mass density- and
temperature-model {QMDTID ). The results of our
model are shown in Figs. (1}, (3 and {4). The
£/A vs stable R curve for T=50 MeV, a=0. 55
give-n by QMDTD model is shown tn Fig. (1) by
dot line. We see that the value of stable radius n-
creases from Riroo=2. 27 fm to Riresumen = 2. 31
fm, but, as shown by dashed-line. decreases tao

Rircsamev; =2.18 Im for QMDD model .
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Fig. 3 The radius R as a funcrion of remperature 1 for
QMDTD model with various value« for the parameier

2 as tndicated.
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Fig. 4 The energy per baryon E/A as a function of temper-
ature T for QMDTD model with various values for the

parameter a as indicated.

The value of parameter 2 can affect the result
significantly. The range of possible ¢ is determmined
by physical constraints. For example. there are at
least two physical constraints: (1) the stable ra-
dius R should increase with temperature; (2) the
energy per baryon E/A increases with temperature
also. To show the importance of first constraint,
we plot the R(7T') curves for a= — 0. 20. 0. 20,
0,40, 0.63, 0. 80 in Fig. {31 respectively. It can
be seen that R{T) becomes a monotonously in-
creasing function in the regions 0=Z T<C 80 MeV
when « = 0. 65 . On the other hand. the E/A vs T
curves for a=1.50. 0. 90, 0. 80, 0. 63, 0. 20 are
shown in Fig. {4). We find E/A vs T curves be-
comes monotonously increasing function in the
same teruperature region when «<C0, 8. Therefore
the best values for parameter 2 are within

0.63 <La<{.8. 19

In summary, in order to avercome the difficul-
ty related to the reduction of R with T, the QMDD
model is extended to QMDTD  model. An ansatz
foe the temperature dependence of vacuum energy
B tEqg. (153} is tntroduced. We find that the pa-
rameters « can be chosen in the regions 0. 65=Ca<C
. 8. Our model can be used to study strangelet and
S5QM in bulk.
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