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Abstract

We derive equations of motion of hydrodynamical model 

from a bag-like Lagrangian using the technique of the information 

theory. We also make some comments on the break-up of the system 

and on the properties of decay products.
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A hydrodynamical model was considered in Ref. 1, which

2
differs somewhat from the original proposal of Landau . Consider 

the collision of two hadrons at high energy. The picture in 

this model is roughly as follows. In their c.m. system, two 

disc-like objects dressed with gluon or meson clouds are approach

ing each other. Throughout the interception of these two hadrons, 

there is little interaction between the two "bare hadrons". They 

more or less just pass by each other emerging as leading particles. 

In the meantime, their clouds are left behind in the overlap 

region. This cloud system immediately undergoes a violent inter

action accompanied by the creation of gluons and quark-antiquark 

pairs. As this system evolves, those informations describing the 

initial collision state quickly disappear. In a local system when 

all the informations except that imposed by the conservation of 

energy are lost, the local system is said to be in a state of 

statistical thermal equilibrium. Due to the uncertainty principle, 

it was argued that such equilibrium can only be achieved at a local 

level, but not at a global level. Furthermore, if the intercep

tion begins at t=0 , this equilibrium is not expected to be reached 

until some proper time 'v, E ^ 1^  later, where is the lab

incident energy. These initial conditions differ from these of

2
the Landau model . In particular, the latter assumed a global 

equilibrium for the hadron system and this equilibrium is assumed
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to exist at some earlier time. It has been shown,' that at suffi

ciently high energies, their assumption is not compatible with 

the uncertainty principle. Also their model dees not predict a

4
corrcct pion rapidity spectrum at all energies . Within our

approach it is only for t > t . the system is governed by the

hydrodynamics 1 equations of motion. During the hydrodynamical

expansion, the system possesses a frame independence symmetry,

which is essentially a space-time description of the short range

correlation phenomena. Other authors have also arrived at similar

S 6
solutions from different approaches. *

The frame independence symmetry is applicable only in the 

bulk interior of the system. In our previous treatment, the finite 

extent of the hadron system is imposed through the introduction 

of an inclusive sum rule stemmed from the requirement of the con

servation of energy. The finite extent of the hadron system may 

be explicitly, although only approximately, accounted for through 

the introduction of a microscopic bag-like Lagranginn for the 

constituents. In this work, we demonstrate that with the technique 

of the information theory, the local macroscopic energy momentum 

stress tensor can be conveniently deduced from the microscopic 

Lagrangian. Based on this energy momentum tensor, wc make some 

comments on the break-up of the system and the properties of the 

decay products. Our present work may be considered to be comple

mentary to earlier discussions both on the constituent hydrodynamical
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mode! 3,/ and on the application of hag-like notions to hydro-

dvnamical model

We are going to describe the hadron system in the language

8
of the elementary information theory . This is because with this 

language one can see explicitly what approximation is involved in 

deriving the hydrodynamical equation of motion. Hopefully in the 

future within the information theory, corrections to this approxi

mation can b “ developed.

First define a probability operator p in terms of the S-matrix

S :

p 5 I P  j  * P 2 > < 1*1» P?.  i ( 1 )

w i th

IP,. P2 > 5 |Pl, p 2 >in - |P 1 ,P2 >out > CS-1) |pr  p 2>0u (2)

where jPj, arui iPj> IS >out are respectively the in- and

out- states of two hadrons with or without spins. The operator p

9
contains all the "information" concerning the collision . As 

usual, S and thus p can be completely determined by the Lagrangian 

density. Wo assume that to the zeroth order approximation the 

piece of information about conservation of energy in average sense 

is most important 1 0 . So from elementary information theory the 

probability operator for a cell in its rest frame is approximately 

given by
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PCX) *  exp [ -H(X) / T(X)] / Tr exp [-H(X) / T(X)j

w i t h

H(X) = f  d 3x M ( x )  , (3)
JAV(X)

where AV is the volume of the cell and p is now normalized by 

Trp = 1. The "temperature" T is a function of macroscopic space

time X(=(t,X)) while the hamiltcnian density is a function of 

microscopic space-time x(-(t,x)). As usual, AV is small enough 

in macroscopic scale to represent the volume AV at X, but large 

enough in microscopic scale so that X is independent of x.

If all the informations are taken into account, the operator 

P so obtained is exact. One may use it to describe the hadronic 

state even prior to the equilibrium.

Now we assume that the Lagrangian density of the system is 

approximately given by

£  = - m)i|» - B = £ f - B, (4)

where £,£ is free Lagrangian density of the quark and antiquark 

fields and B the bag-parameter, which is a positive constant.

This is the Lagrangian density of the MIT bag Intuitively

we expect that the hadronic system should have both gluons and 

quark-antiquark pairs. But since the gluons do not appear directly 

as the final state particles, the free l?grangian of the gluon 

fields has been suppressed. To partly account for the actual



presence of the gluons, one may regard quarks and antiquarks as 

dressed objects. The bag-parameter together with the finite 

energy of the system ensures a finite volume for the system. So 

the approximation of (4) already provides a mechanism which gives 

rise to a weak short-range interaction and a strong long-range 

12attraction.

From (4) one has the hamiltonian density

where is the free hamiltonian density. The energy-momentum 

stress tensor is then given by

The corresponding hydrodynamical stress tensor is defined by

With the hamiltonian density given in (5), the probability operator 

p is reduced to

Jt- = ijj(-iy1 9  ̂ + m)ip+ B = + B, (5)

(6)

(7)

which from (6) takes the form:

( 8)

p(X) = exp(-Hf/T) / Tr(exp(-H£/T)) (9)
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One can show by methods ^  ^  in quantum statistics

—  1 C 4 -ik*fv -v) (K+m) g 
T r C p ( X ) ^ ( v ) ^ B (X)) - ^ 3 J  n  e lK U  y) ------- S*

cxp(ko/T(X)) + l

6 ( k2 -in2) ( 10)

J  7 7
where k = ? k“ + m “ . Substituting (10) into (8) one has

o

t r v-\ g f  d3k _______ k ^ k u_______  , pv B r, ,  s

m  ' C2 ,)5 i  k o ^ P ( k 0/TC»)*l 8 ( l )

where g is the statistical weight of quarks. This expression

is valid only in the rest frame of the cell at X. In hydrodynamical

models, T(X) is a Lorentz scalar. Denote the four-velocity of the

cell by u , which is of course a function of X. We replace k 
V o

by k*u. in (11). Lorentz covariance of T (X) implies 
A yv

T (X) = (e+ p) u u - g p (12)
yv y v yv

where the functions e and p are to be determined. From (11) and

(1 2), one can easily get

- . V k 2 ♦ m 2____________
e(X) = B + — I d \  f I ------ 5 1 = B + e ,

(2it) J exp V k  ♦ m /T +1 1
L J (13)

^  ,  n  k -  .

= -B + p.- n * I  -KJP f  d  k____________________ i ___________PCX) - -B + ,e - , I r—*-- <r " r j— -- 7* -t
3(2ir) J  y k  +m exp y k ^ + m  /T +1

One immediately recognizes that e and p are respectively the energy 

density and pressure of the matter in the cell defined in its rest 

frame, while and p£ are the corresponding energy density and

pressure of the fermion constituents. The stress tensor T in the
yv
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form of (1 1) with kQ replaced by was first considered by

H w a 5 for the freo-particle case (B=0). The conservation of energy 

and momentum of the hydrodynamical system requires

ax T Xv(X) ’ 0 • (14)

This equation together with the T of (12) constitutes the equa

tions of motion in hydrodynamical model. This is obviously the 

counterpart of 3* (x) = 0 for the microscopic case.

For massless quark constituents, from (13) the proper number

density n, the proper pressure and the proper energy density are

• 2
given by

n = T^ , p = p^ - B and e= + B,
4ir

7 tt^ 4
where e f = 3pf = —  g T (15)

and £ stands for the zeta function S(3) = 1.2. With the proper 

choice of the initial conditions, one finds that for the two dimen

sional frame independence symmetry case1, the local quantitities 

have following behavior

1 1  1 
n « —  , Cj. — r,_ and p.. “ — 7 7, . (16)

t  ’ ± t 4 / 3  ^ f  t V 3  v

So as t increases, the system expands. All the proper densities 

are decreasing and eventually the system breaks up.

The breakup for both the Landau model and the model here is 

to occur at the local temperature T ^ y. The only difference 

between the two is that the model here has an additional negative
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pressure -B due to the bag, hence the Landau model decays at 

p = p̂ . and ours decays at p = p^ —  B a O .  The evolution of our 

system is briefly as follows. At the start of the statistical 

equilibrium when x = , we have p^ > B in the interior 

of the system. As r increases, the local pressure decreases till 

p^ = B. At this point the local matter coalesce into hadrons and 

correspondingly the local system breaks up. In the c.m. system, 

this coalescing process first occurs near the center where the 

local elements move the slowest. Then the process spread outward 

toward the two outside boundaries of the system. Notice there is 

a reasuring consistency within the present model. In particular, 

the frame independence symmetry solution predicts for instance 

p £ t instead of say, p « t . If the latter were the

case, it would have taken an infinite amount of time for the system 

to reach the break-up point, p = 0 .

Next we make use of the fact that in high energy multiparticlo

17
productions, the production of pions dominates. This suggests 

that the nonstrange quarks and antiquarks are the dominating species 

in the hadronic hydrodynamical system. Taking into account the spin 

and the isospin degrees of freedom this leads to g = 4. From (15), 

we get 2

B = ^ 2 0  or f i l /4 = 0 , 1 1  GeV 

This value is close to the corresponding value used in the spectro-

18,19
scopic analysis. *



9

Wc may also use the hydrodynamical model to make some reasonable 

estimates of the properties of the hadronic products after break-up. 

Consider first a nucleon emerging from the system. It consists of 

three quarks and has mass M and a radius r , only. Hence from (15)

Solving for rQ in (18) and substituting the value into (19), we 

obtain M = 1.8 GeV. A similar analysis for mesons, which have a 

quark and an antiquark, gives the result M = 1.2 Gev. These masses 

arc about one GeV larger than the experimental nucleon and pion

This is a good feature because it shows automatically that the system 

breaks up not directly into nucleons and pions, but into larger 

mass clusters that are required by the correlation data on two 

particle distributions.

The above analysis can also be carried out in a different and 

more illuminating way, without resorting to the phenomenological 

knowledge of the break-up temperature. We will illustrate this 

analysis for the case of the nucleon. Let r be the radius occupied 

by the three-quark hadron. Then from (15), one has

and (17),

(18)

(19)

masses, or the corresponding masses obtained by the bag model***'
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n  =  “ T ?  T ' 3  ’  ( 2 0 )

T . ( - | ^ " ’ V

The mass of the hadron is then

> 4u 3 , ^ 7ir4 /3tt\ 1 / 3 -1 (i , J
M ( r ) - 3 - r  (ef + B) = r + - j  Br (22)

We note that this dependence on r is of the same form as that

19
obtained from the bag model. This is hardly surprising since in 

the bag model, the r 1 term comes from the kinetic energy via the 

uncertainty principle, and quantum effects are already present in 

Fermi-Dirac statistics. If we stipulate that break-up occurs 

at a radius r when a imst stable hadron can be formed, i.e.* when 

9M(r)/3r = 0 , then it is easy to show that the same solutions (18) 

and (19) are attained.
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