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The screening properties of an abelian cuark-gluon plasma, 
booet invariantly expanding in a given direction, are discussed. 
The expansion results in anisotropic screening. At early stages 
of the process, the Debye length along the direction of the 
expansion is reduced by a factor of about 2, relative to static 
calculations. This stay have iuportant consequences for the J/f 
production rate. 



I. INTRODUCTION 

One of the Important characteristics of the quark-gluon 
plasma is its screening property whose quantitative description 
•ay be given in terms of the Debye length . For instance, the 
Debye length has been calculated for a static rase and used in 
analyzing the suppression in production of the J/s- in relativistic 
heavy-ion collisions . However, if the quark-gluon plasma is 
indeed created in such collisions, it is in a state far from 
static. In fact, it presumably expands rapidly. This expansion 
has already been taken into account in some papers , also in the 
context of the J/» production . 

In the present paper we express and evaluate the screening 
properties of an expanding, abelian quark-gluon plasma in terms of 
the Debye length. For this expanding case we generalize the 
definition of the Debye length in such a way that in the static 
case it reduces to the standard expression. We employ the method 
of Debye and HUckel , thus the criteria for the existence of 
plasma should be met. in particular, the plasma parameter should 
be much greater than one, м » 1. These criteria are satisfied for 
weak couplings ( (X • g2/** « 1 j. It turns out that for the 
realistic values of d• 0.2 and T • 2 fm , we are close to the 
limits of the validity of the method. Nevertheless, we believe 
that our calculation with the above values of o( and temperatures 
ib relevant: It exhibits the important role of the boost 
invariant expansion and of the boundary conditions implied by such 
an expansion. 



The main reeult of our work is that the expansion reduces 

significantly the Debye length at early stages of the evolution,-

as compared to the static case. This fact may have important 

phenomenological consequences. Furthermore, the screening is 

anisotropic, which is mainly caused by the boundary condition at 

the light cone. 

The organization of the paper is as follows: In Sec. II we 

construct the Debye-HUckel selfconsistent field equations for the 

expanding, boost invariant, abelian quark-gluon plasma near 

thermal equilibrium. In Sec. Ill we give the numerical solutions 

and compute the Debye lengths at various times. Section IV 

contains our conclusions. The Appendix gives some technical 

details of the calculation. 

II. THE DEBYE - HllCKEL FIELD EQUATIONS FOR EXPANDING 

QUARK-GLUON PLASMA NEAR EQUILIBRIUM 

The starting point of our discussion are the field equations 

for the neutral components (3,8) of the octet of the gluon fields 

in the abelian model of the quark-fluon plasma : 

- J W (С y 
where *-r » - : t p . - '' , , g is the strong coupling constant, 

and £4 and n;> = ^ - fe. are the two-dimensional vectors in the 



(3,8) space of the color octet, where <-,j « 1.2,3: 

The quantities w are the distribution functions of quarks 

(ar.tiquarke) of color i and G;: are the distribution functions 

of gluons with the color content of the «—quark — i-antiquark 

pair. 

As it hat already been pointed out ( see e.g. R»f. 6). our 

abelian model of plasaa is very similar to electrodynamics. 

Equation (2.1) corresponds to the second pair of the Maxwell 

equations 

Since we want to look at the electric screening , we will 

deal with a rotation-free chromoelectric field, therefor» we set 
— * • 

Ж=0. Then, the first pair of the Maxwell equations is 

satisfied automatically, and Eqs. (2.3a) become 

We introduce expansion along the z-direction into our 

equations by assuming the following field of the four-velocity of 

the plasma flow 



(2.4) 

where f is the proper time, f « v't1-*1 . The equilibrium 

distributions of quarks (antiquarks) and gluon* (which are all 

color independent, ав shown in Ref. 9) are 

<2-5> 

В where the temperature T depends on T In the following manner : 

where Tc i* the time when the equilibrium is achieved and the 
exponent is the square of the sound velocity. For the 
relativistic non-interacting gas we have c

£ ~ т" Tu ~ 7 
We determine the potential Ó ( D = -V<i j generated by a 

point test charge placed at x>0 in the CM. frame of the two 

colliding nuclei (for simplicity we assume a complete left-right 

symmetry, corresponding to a central collision of two identical 

nuclei). Following Debye and HUckel, selfconsistency is 

introduced in (2.1) by modification of the distributions (2.5) due 

to the presence of the test charge. Keeping terms up to first 
-• 

order in ф we obtain 



where (̂ o Qj- are the derivatives of the equilibrium 
distributions with respect to the argument. 

Using the identities 

(2.8) 

substituting Eq. (2.4) in Eq. (2.1), and evaluating analytically 
the integrals over momentum, we arrive at the following equations 
for each of the two components of the potential 

where ę , is the versor of the z-axis and g e*" is the a-th 
component of the test charge at i»0. 

Now, we take the time derivative of Eq. (2.9a) and the 
divergence of Eq. (2.9b), and add the results side by side. Using 
Eq. (2.6) we get 

0 (2.10) 

This is a consistency condition which must be satisfied by the 
solution of Bq. (2.9). It reflects the (abelian) color current 



conservation. As a matter of fact, the restriction on 
imposed by Eq. (2.10) is very weak. One can easily obtain the 
general solution of Eq. (2.10) by employing the method of 
characteristics. For the cylindrically symmetric case we find 

where fl K im an arbitrary function of о • \*N- J}3* end x/t. 
Hence, we can separately solve (2.9a) treating t as a parameter. 
Equation (2.9b) will be satisfied via relation (2.11). 

III. THE NUMERICAL STUDY OF THE BXPANDING PLASMA 

we solve Eq. (2.9a) for our cylindrically symmetric plasma 
expanding along the z-axis. Introducing 

Eq. (2.9a) becomes (we drop the color index for simplicity of 
notation) 

(3.2) 

Note that Yl 1^*) Is a position dependent "screening mass" of jf 
Thus we have ^У11(Ь|0)« W^ , the square of the plasma frequency 
calculated, e.g. in Ref. 9, Eq.(3.17). 



Now, we remove the singularity in the RHS through the 

substitution 

0 = Ur) + f( ?,*) } < 3 3> 
where г = vca+ a* and h (f") is the solution of the equation 

obtained from Eq. (3.2) by replacing к(Ь",*) by УХ L t/ 0) . It 

has the form 

hCr)= .*- e. (з.'о 

Substituting Eq. (3.3) into Eq. (3.2) we obtain the equation for 

{ 3 < 5 ) 

This is a separable elliptic equation without a singularity! since 

the source in the RHS is everywhere wel1—behaved. Equation of 

such a form can be solved numerically with a special purpose 

code . The boundary conditions appropriate for the process under 

consideration are 

-1-= о , f(-,«) = 0 , 

- о Ъг 

The conditions at о -0 and z«0 follow from the symmetry of 

the problem. The condition it ł««o i» evident, while the 



condition at the light cone (z«t) is a direct consequence of the 

boost invariance symmetry which leads to the singularity in 

Vla(t", ̂ ) at z • t t . More detail6 of the numerical 

calculations are given in the Appendix. 

Figures (la-c) show the two-dimensional (in the p-z plane) 

snapshots of the expanding plasma. The values of the physical 

parameters are chosen as follows (c • < » к « 1): 

= 0.2. fm , C J - j , * s = О.Л. ( 3. 7 ) 

We plot the contours of ч>(^ь) at decimal multiples of 1, 2 and S 

tm~l. The sequence starts at t • т, • 0.2 fm, the time at which 

the thermal equilibrium is assumed to be established. We note 

clear enisotropy: The contours are compressed along the 

z-direction. As we go to an intermediate time of t « 0.5 fin, the 

anisotropy weakens, and at t • 1 fm the solution is spherical 

almost everywhere except for the immediate neighborhood of the 

light cone z - ± t. 

The main source of this anisotropy is the enforcement of the 

boundary condition at the light cone, - D . The effect 

is being scaled by the time dependence of Hł(fc", łj , and it weakens 

with increasing ti-e (compare Eq. (3.1)). The other source of the 

anisotropy is the dependence of К on z, but not on о . 

Figures (2a-c) show the sections of the solution along the 

z-axis and in the transverse direction for t • 0.2. 0.5 and 1 fm. 

We find it useful to present them through logarithmic derivatives: 



- along the z-axis (solid linj) 

- I 
(3.8a) 

- along the p-axis (long dash line) 

- I 
(3.8b) 

We call these functions "the local Debye lengths" because for the 

standard Debye's solution ф ~> г" лхр £r/ X^ ) definitions (3.8) 

give -\ г=А,^=А ь. In our notation Aft • l/n(r,oV The deviations 

of Я г and A. from the constant /\. indicate deviations from the 

standard D«bye's screened field. We also plot '/rtft",*) and '/K(t,oJ 

(short dash lines) for comparison with the static case. 

The screening ability in a given direction can be nost 

effectively represented by just one number,/!. , which we call the 

"global Debye length". It is the distance (along a given 

direction) at which the function r<f> drops e times from its value 

at the origin. Table I shows the static screening length) l/rr(r o) » 

and /L; and Л. , the global Debye lengths along the z and p axes, 

for various times and sound velocities с • One can see that 

the following relation holds universally 

The second inequality in (3.9) illustrates again the anisotropy of 

screening introduced by the plasma expansion. The first 

inequality shows that the screening in the expanding plasma Is 

more efficient than one would conclude from a static 
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calculation. In fact, at early times the Debye length in the i 

direction is about a factor of 2 smaller than the static screening 

length. Thie is a surprisingly strong suppression of the range of 

the interaction which may have important phenomenological 

consequences. 

Here the following remark concerning the results in Table I 

for the cases with с *1/3 is in order. Since we have assumed the 

forms of the distribution functions (2.5) corresponding to the 

non-interacting case, we should consequently have the ideal gas 

result for the sound velocity, t.amely с "1/3. To investigate 

consistently the screening in the interacting system, the 

distribution functions should be modified, which of course is a 

moet nontrivial problem. Instead, we have juat changed the sound 

velocity, without modifying the distribution functions. Although 

such procedure is not consistent, it still provides us with some 

useful insight. In particular, we note that the general behavior 

of the Debye lengths is similar for other sound velocities. 
•9 The last entry in the table ie the plasma parameter,. , 

defined as 1 2 

<у =г 4-я- л е тъ0 } (З.Ю) 

where ^ o « Л (f, o) - J\£ (г, о) , and nc it the central average 

density of particles 

\ Л (3.11) 

The factor of 12 comes fro» the degeneracy of quarks and gluons, 

and the remaining factor it the sum of the integrals of the 
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distribution function! of fermions and bosons. The standard 
criterion for the validity of the Debye-HUcke) method is f » 1. 
In our case it is about 2.4 for t • 0.2 fm and reaches about 3 for 
t • 1 fa, hence we are close to the limit of the validity of the 
method. Note that £P is a very sensitive function of g, and for 
somewhat smaller values of the coupling constant the criterion 
& » 1 should be very well met. We are of the opinion that In 
spite of working close to the limits of validity of the model our 
qualitative predictions are correct. 

IV. CONCLUSIONS 

In this paper we have shown that the expansion of the 
quark-gluon plasma leads to a reduction of screening of the 
electric field. The effect is most significant at eariy stages of 
the evolution. This introduces an important element, neglected so 
far, in analyses of production of the J/» in relativistic 
collisions of heavy ions. We are of the opinion that it should be 
carefully taken into account in estimates of the J/ę suppression. 
We have also found anisotropy of screening: The contours of the 
constant potential are compressed in the direction of expansion. 



APPENDIX 

In actual solving of Eq. (3.5) a сonformal transformation in 
the о variable is used. This transformation шаре the range [O.oo } 
into [0,1] through the substitution 

^ = -£— > (Al) 
A + f 

where A is a numerical parameter which controls the distribution 

of mesh points, such that § • 1/2 corresponds t o o - A. We choose 

A - 3/>t(t,0). Equation (3.5), rewritten in the ̂  variable, 

becomes 

Since the test charge is located at the origin, the system has a 

reflection symmetry г —* -z, and it is sufficient to solve Eq. 
(A2) in a rectangle 04 ^ ^ 1 and 0 i z £ t. The appropriate 

boundary conditions follow from (3.6). 

The equation is solved on a 100 by 100 mesh of points. To 

give an estimate on time, it takes about 4 minutes on an в HHz IBM 
XT to find a solution. 
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TABLE I. 

Various physical quantities for different values of the sound 
velocity c^ and time t, in fm. The quantities i/vt(.r,o), Л. and Л.а 
are in units of fm. 

t 

l/vt(t-,o) 

*•< 

e 

. 2 

.273 

.179 

.140 

2 . 3 7 

2 
• 

. 5 

.371 

.327 

.293 

4 .29 

1 /3 

1 

.467 

.449 

.433 

4 .95 

2 

.568 

.581 

.574 

5 .13 

. 2 

.273 

.179 

. 140 

2 .40 

С ш 
• 

. 5 

.318 

.294 

.272 

4 .65 

1/6 

1 

.357 

.331 

.345 

5.10 

2 

.401 

.399 

.397 

5. 19 

. 2 

.273 

. 179 

. 140 

2.41 

с2, « 0 

. 5 

.273 

.261 

.249 

4 ,89 

1 

.273 

.271 

.269 

5 .19 

2 

.273 

.273 

.272 

5 . 2 2 
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FIGURE CAPTIONS 

Fig. 1 

4 1 % 
. Contour plots of the potential ф(е,Ъ) for с • 1/3 et t • 0.2 fa 
(a), 0.5 fa (b) and 1 fa I 
multiples of 1. 2 and 5 fi 

(a), 0.5 fa (b) and 1 fa (c). Contour levels are at decimal 
-1 

Fig. 2 

"Local" Debye lengths, % (long-dashed line) and %t (solid line), 
in units of fin, plotted against coordinates с and z, respectively. 

Short-dashed lines show [к С t", г)"] and Гк(Г,0)1 . The value of c2 is 

1/3. Figures (a), (b) and (c) are for t • 0.2, 0.5, and 1 fa, 

respectively. 

f 17 



I ./ /V 
2 ; 2 
I . . . t . . 1 . . ./. 

2 

e 
о 

Щ f 9 *> •+ П Ч - О* 
b b o ó d o o ó ó 

/ . . / . . i 

Г. Г 111 Г/.Г?. 



0.50 

0.40 

0.30 

0.20 

0.10 

0 

[ ( c ) 

I I I 

\ 

\ 

\ 

• 

4 • \ \ ' % < 

00 0.20 0.40 0.60 0.60 
р or z (fm) 

1.00 

Fig.2. 

, 139/88 100 


