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Abstract：It is found that the radius for a stah]e strangelet is a decreasing{unction of temperature 

in quark mass density—dependent mode1． To overcome this difficulty，we extend this model Io 

quark m ass density——and temperature— dependent model in which the vacuum energy density at zP— 

ro baryon density limit B depends on temperature．An ansatz B一=B。[1一d( ’／l )+H1’，1、 ) ]is 

introduced and the regions for the best choice of the parameters are studied． 
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It has been expected that a new state of real 

ter，namely，quark—gluon plasma(QGP)would be 

form ed in relativistic heavy ion co】Iision．M uch at 

tention has been attracted to search a n unambigv 

DUS signature ot QGP in recent y ai s．Greiner and 

his co—workers ]argued that sl range[ets might be 

produced in uhrarelativistic heavy—ion co1_isions 

and could serve as an unambiguous signature for 

the formation of QGP． 

Quark mass—density dependent model suggest 

ed by Fowler et alⅢ has been employed by many 

authors ! to study strange quark matter(SQM 、 

recently． This model can provide I dynam ica[de 

scription 0f the confinement mechanism and explain 

the stability of SQM successfully、ia the s~gges 

lion of a density dependent masses[or u d and s 

quarks． 

We will prove in this paper that a difficulty 

emerges if the quark mass density dependent 

(QMDD)model is used to describe st range]els at 

finite temperature． The radius 0f strange[e[ de 

creases as the temperature increases． rrhis ls o{ 

course unreasonab]e． To overcome this difficulty， 

c(msidering the fact that the mass of hadrons is ob 

served 【o be dependent on temperature．we exlend 

t he QMDD mode]to a quark ITtaSs density—and 

temperature dependent (QM DTD) mode]， and 

sht)w，after a suitable choice of the adjusted pa 

rameters in the function of B(Y )t the radius of the 

st range[et increases with the rise of temperature． 

According to QMDD model，the masses of u． 

l quarks and strange quarks fond the correspond 

ins anti quarks)are given by ?。 

f~l,i一 ． q— u，d， ，d ． (1) 一 百  q一 “，d，“’ ’ () 

” 一 ? + =B 
， (2) 

where l．is the baryon number density，， n is the 

ctl rrent mass of the strange quark and B is the vac 

U LI171 energy density inside the bag． 

The thermodynamlcal potential is 

n=∑n． 

一 一 2"lTdk ddN ln[1+e 一。]．(3， 
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where i stands for u， d．S (or ．d，s)and the 

electron e(e )， is the corresponding chemical 

potent~a1． The number density ．，the total pres 

sure户 and the total energy density e are given by 。 

一  

V 
l (4] r一  lT· ’ 

户=一 I 

一 一  +V玩筹I ， ㈥ 一一 ’̂ 

e一 +∑m一 T等 ㈤ 
respectively．The baryon number density b reads 

一  ( + + )． (7) 

The conditions of charge neutra[ity and chemical 

equilibrium are 

2 = + 玩 + 33 ， (8) 

一 ， 一 + ． (9) 

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： ]： 

dk = gl[ + + ～ l 十 li J”十 

c+．_·]， (10) 
where V= 4／3~R ，S= 4nR ，C一 8aR．g．= 6 for 

quarks and antiquarks，gi一 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 ” 

( )=一 ( 一~aretan鲁 ．c 
The third term was proposed by M ads~n⋯ 一 

( 】一去[ 一差【T 一a rctan k̈ ． 
(1 2) 

For the strangelets， the stab[ity condition 

reads 

OF
一 0 ， (13)R 0 ’ ⋯  

where F is the total free energy． 

The curves for F per baryon num ber A VS R of 

QM DD model at zero temperature and at T = 50 

M eV are shown in Fig．1 by solid line and dashed 

line respectively．The values of A ，B， are cho— 

sen tO b 

^ = 2O．B = 170 M eV ·frD一 ， 

口一 15O M eV ． (14) 

It can be seen that the radius determined by the 

minimum F／A decreases when temperature in— 

creases． The resulting temperature dependence of 

radius R is displayed in Fig．2．W e see that R (了1)is 

a monotonously decreasing function． 

1 

1 

l 

； 
1 

l 

1 

R，h  

Fig 1 Thefree一 rgy per baryon F／A 85 a~unction of r8 

dius R r for temperature T 一 0(一 )， 一 50 M eV in 

QM DD modeI 6--)and T一 50 MeV ，parameter口一 

0．65 itl QMDTD model(⋯ ) 

0 20 40 fi0 80 

T／MeV 

Fig．2 The radius R as a function of temperature T for 

QM DD mode1． 

Fo overcome this difficulty，x．ve introduce an 

ansatz+namely 
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B [ 一n + ]， 

[ 一n 十6l ] 
—————丽■——一  

m si— m  0 十  

。[1 

u，d， ，d) ， (16) 

J_ J 
— —

’ 

(1 7 J 

where d．b are two adjust parameters，and 7 一1 70 

M eV is the critical temperature of the quark decon 

finement phase transition． Since B is zero when 7’ 

= ，a condition 

l— d + b一 0 (1 8) 

is imposed and only one parameter“can be adjust— 

ed． 

Introducing Eqs．(16) and (1 7)t we extend 

the QMDD model to a quark mass density and 

temperature—model(QM DTD)．The results of our 

m odel are shown in Figs．(1)， (3)and (4)． The 

F／J4 vs stable R curve for T 一 50 M eV ，d= 0 65 

given by QMDTD model is shown in Fig．(1)by 

dot line．W e see that the value of stable radius ln— 

creases from R(r一。】一 2．27 fm to R(r M v】一 2．31 

fm ，but， as shown by dashed line，decreases to 

R(T一50 MeV)一2．18 fm for QMDD model 

2 1B 

T／MeV 

Fig．3 The radius R as a function of temperature T for 

QM DTD model with v~rious values for the parameler 

as indicated． 
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Fig 4 The energy per baryon E／A as a function of temper— 

ature了1 f0r QM DTD mode1 with vatious values for the 

param eter d 85 indicated． 

The value of parameter d can affect the result 

significantly．The range of possible d is determined 

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 (7’) curves for d一 一 0．20，0．20， 

0 40， 0．65，0．80 in Fig．(3)respectively． It can 

be seen that R (T becomes a monotonously in— 

creasing function in the regions O T≤ 80 MeV 

when n≥ 0．65．Onthe other hand，theE／ vs丁 

curyes forⅡ= 1．50．0．90，0．80．0．65，0．20 are 

shown in Fig．(4)．We find E／A vs T curves be— 

comes monotonously increasing function in the 

S~YD．e tem perature region when d 0．8． Therefore 

the best values for parameter d are within 

0．65 d 0．8． (1 9) 

In summ ary．in order to overcome the difficul 

t related to the reduction of R with T，the QMDD 

model is extended to QMDTD mode1．An ansatz 

f0D the temperature dependence of VKCUUTf1．energy 

B (Eq．(1 5))is introduced．W e find that the pa— 

rameters a can be chosen in the regions 0．65G a 

0 8．Our model can be used tO study strangelet and 

SQM in bulk． 
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奇异夸克物质 的夸克质量密度温度相关模型 

章 费 ，苏汝铿 
(复旦大学物理系 ．上海 200433) 

摘 要 ：在夸克质量密度相关模型处理奇异夸克物质滴时，会发现其半径随温度增加而变小．为克 

服这一困难，我们通过使 口袋常数出温度参数化，引入 了事克质量密度温度相关模型．在这一模型 

中，B=B。[1一口(T／T )+6(了’／ )：]，文章中讨论 了参数d，b的取法． 

关 建 词：事克质量密度相 模型；夸克质量密度温度相关模型；奇异事克物质滴 
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