
~ 
November,1994 

Consequences from A Cons i s t ency Cond i ~RM ILAB 
for Relativistic Composite Systems 

I)EC 7 19 ~ 

FujiO Takagi .IBRA 
Department of 	Physics,Tohoku University,Aramaki ,Aoba-ku 

Send a i 980-77, Japan 

Abstract 

The total energy-momentum of a fini te composi te system should 

have a correct property for Lorentz transformation. Consequences 

from this consistency condi tion wi th the classical picture for 

the constituent molion are studied in detail. It is found that 

ei) the rapidity distribution of the constituent particles in a 

boosted frame is not just a simple translation of the distribU­

tion in the c.m. system but is given by the translated distribu­

tion multiplied by a distortion factor; (ii) the distortion 

factor implies existence of a scalar-type effective interaction; 

(i i i) the distorted rapidity distribution eives a correct 


expression for the energy-momentum tensor of a relativistic gas. 


A kind of virial theorem is proved for the case where a consti ­

tuent particle is massless . Lorentz transformation property of 


the YO-yo mode of a color-flux tube wi th particles (quarks) at 


the ends is elucidated as an example. 
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In general, it is highly nontrivial to construct a fully 

relativistic wave function for a composite system made of many 

constituent particles. An apprOXimate method is used in most 

cases. In this paper, we consider a relativistic compOSite system 

within a classical picture and study under what conditions the 

energy-momentum of the system has a correct Lorentz transforma­

tion property. The starting paint of our argument is the rapidity 

distribution of the consti tuents . A remarkable result is 

obtained from the fact that a consti tuent is confined in a finite 

region of constant volume. The rapidity distribution in the 

boosted frame is not merely a translated c.m. rapidity distribu­

tion but a translated distribution mul tipl ied by a distortion 

factor as will be shown in sec.2. In sec.3, the distorted 

rapidity distribution is used to calculate the contribution from 

the consti tuents to the energy-momentum of the system in the 

boosted frame, and it is shown that an additional contribution 

scalar-type potential energy is necessary in order that the 

total enerey-momentum of the system is transformed correctly 

under a Lorentz boost. As an application. the distorted rapidity 

distribution is further used to calculate the energy-momentum 

tensor of a relativistic gas in sec.4. The well-known result is 

reproduced correctly. In section 5, contributions lo the 

invariant mass of the composi te system from the consti tuent 

energy and the interaction energy are calculated for an isotropic 

gas. A Simple bag-model like virial theol'em is obtained for the 

case where the constituent particle is massless. In section 6, 

the yo-yo mode 	 of a color-flux tube wi th quarks at the ends is 
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DO(Y) { 6C y - YO) + 6( y + YO) } / 2. (2.3 )
examined as another example. Section 7 is devoted to conclusions 

and discussions. 

In the boosted frame 'Where the center of mass of th e system move s 

'Wi th velo ci ty Y tanhY, the correspondine period for the forward 

2. Rapidity distribution of constituents in a boosted frame motion from EL to ER and the same for the subsequent motion from 

ER to EL are given. respectively. by 

As an il lustration.consider first a simpl e one-dimensional 

case 'Where a constituent particle moves back and forth 
t . Lj 1 - y2 / C v - Y ) . (2. 4a)

periodiCally along a longitudinal direction with velocity:!: Vo F F 

( Vo > 0 in the c.m.system. If the length of the s ystem is L, 

_ y2 / (t ' Lj 1 y - vB ) , (2. 4 b)
the time a constituent takes to start at one end E

L 
, move for'Ward B 

and reach another end ER is eiven by 

where 

tF L / vo. C 2 . 1 ) 
v tanh(Y+yo)' (2. Sa)F 

It is obvious that the corresponding time for the back'Ward motion 
vB tanh(Y-Yo)' (2.5b) 

from ER to EL is the same; 

Then, the probabilities that a constituent at one instant is on 

tB L / vO' C 2 • 2 ) 
the 'Way of its journey from EL to ER with velocity v or the one

F 

from ER to EL 'With velocity vB are given, respectively, by 
Then. it is also obvious that the probability P(yO) to find a 

constituent 'With velocity Vo tanhyo is equal to the probability 
tF / C tF + til ) Cosh(Y+YO)/C2coshY cosh y )

o 
PC-yo) to find a r.onstituent with velocity -v tanh(-yO)' (The

O P(yo' Y), (2.6 a) 

lip;ht velocity is taken to be unity throughout this paper.) The 

" time-averaged" normalized rapidity distribution of the 
til / ( tF + til ) cOShCY-YO)/(2coshY COshyO) 

constituents is given by 
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(2.6 b)P(-yo'Yl · 

Note that P(YO,Yl > P(-yo,Yl. Accordingly the rapidity 

dist ribution Dy(Y) in the boosted frame is not just a translated 

distribution DO(y-Y) but is given by 

Dy(Y) 6(y,YlD (y-Y), 	 (2.7)
O

where 

6(y,Y) 	 2P(y-Y,Yl 

coshy /(coshY cosh(y-Y» . (2.8) 

Essentially the same result holds for a more eeneral three 

di mensional case where the rapidity-transverse momentum 

distribution of the constituents is continuous; 

.. 	 .. 
Dy(Y,PT) 6(y,Y)D (y-Y,PT)' 	 (2.9)

O

.. 
where PT 	 is the transverse momentum of the consti tuent. The proof 

goes as follows. 

Co nsider 	a motion of a consti tuent particle durine a 

sufficiently lone time T in C.m. system. ( It is enough to take T 

as a period of the motion when it is periodic. ) Let th e totlll 

time durine which the particle moves wit h rapidity [ y,y + dy] be 

T (y)dy . By definition, one has the normali zation condition 
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{"d Y T(y) T. 	 (2.10) 
-a> 

The probabi 1 i ty to find a particle 'Wi th rapidi ty [y,y~dy] at a 

time is T(y)dy / T . ( Note that this argument does not apply to II 

free particle with no interactIon at any timp. . In such a case, a 

particle moves 'With constant rapidity forever through an infinite 

space.) Thp.refore, the rapidity-transverse momentum distribution 

of the constituents is given in the follo'Wing form; 

.. .. 
DO(y,PT) NT(Y,PT)/T, 	 (2. 11 ) 

where 

f
a> 2" - .. 

d PTT(y,PT ) T(y ). (2. 12) 


m 

A particle 'Wi th rapidi ty y travels a distance tanhY'6t during a 

short time 6t. In the boosted frame with boost rapidity Y. the 

same motion takes a time 

6 t ' cosh(Y+y) 6t / coshy . 	 (2.13) 

As the rapidi ty y' of the consti tuent wi th c.m. rapidi ty y is 

equal to y ~ Y in the boosted frame, the rapidity distribution in 

the boosted frame is given as 

.. 	 .. 
Dy(Y ' ,PT ) Flcosh(y+Y) / coShy)DO(y,PT) 
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~ 

F{coshY'/cosh(Y'-Y)}DO(y'-Y,PT)' 

t hat is, 

~ 

Dy(Y,PT) F(coshy/eosh(y-Y)}Do(y-Y.P
~ 

), ( 2 . 1 4 ) 
T 

whp.re F i5 the normalization factor to be dp.termined by the 

following condition; 

~ ~ 
dy d PTDy(Y,PT) dy d PTDO(y,PT)' (2 • 15 ) J J 2~ J J 2~ 

Equation5 (2.14) and (2.15) cOve F l/coshY, yielding (2.9), 

provided the mean veloci ty of the consti tuents in the c.m. system 

is vanishine: 

2~ ~ 

dy d PTtanhy DO(y,PT) o. ( 2 . 16) 
-rD 
r J 

~ 

Equation (2.16) hold5 if DO(y,PT) is an p.ven function of y. 

BehaVior of the distortion factor for various Y is shown in 

Fig.1. There is no distortion i.e . , 6(y,Y) I jf Y 0, whi Ie, 

for positive Y, 6(y,YJ < I for y < Y and 6(y,YJ for y > Y 

corresponding, respectively, to suppression and enhancp.ment 

~ 

compared to the translated distribution DO(y-Y,PT)' As 5een in 

Fie.I, the distortion factor approaches the following aSymptotiC 

form very quickly as Y ~ rD at a fixed y - Y; 
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e Y- Y/ cosh(y-Y). (2. 17)lim 6(Y,Y ) 'y_Y fixed 
Y~rD 

The curve for Y 2 is already almost asymptotic. As an example , 

the distorted distribution D (y) and the translated distribution
6 

D (y-6) are shown in Fig.2 for the following choice of DO(Y ) ; 
O

DO(Y) 5 exp(-O.lcoshy), (2. 18) 

which is also shown in Fig.2. The effect of the distortion factor 

is really dramatiC. 

Fig5.land2 

3. Energy momentum of the system 

Equation (2.9) with (2.8) is the most important result of the 

present paper. Using this formula, one can derive various 

consequences on the properties of a relativistic compOSite 

system. ';Ie first consider the energy and momentum of the sYstem. 

Contribution to the rest mass of the system from the constituent 

particle5 is given by 

rD J 2~ ~ 
Mc dy d PTmTc05hy DO(y,PT)' (3 . 1 ) J-rD 
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where m is the transv erse mass of the consti luent i.e.,
T 

mT 

( m2 • pi )1/2 and m the constituent mass. Similarly, the contribu­

lion from the constituents to the energy and the longitudinal 

momen tum 0 f the sys tem in the boos ted fl'ame is gi ven by 

oo f 2~ ~f dy d PT mTcoshy Dy(Y,PT)Ec 
-00 

2 (3.2)MccoshY • 2lsinh Y/coShY, 

f 2~ ~ 
OO dy d PT mTsinh y Dy(Y,PT)PcL f-00 

(3.3)McsinhY • 2IsinhY, 

where 

~ f 2~ 2 ~f
 dy d P mT(sinh y /co shy) DO(y,P )· (3.4)

T T

-00 

I t is apparent that Ec and P alone do not form correct
CL 

components of a Lorentz 4 vector since E2 - p2L ~ M2 owing to the 
c c c 


terms proportional to the posi tive quanti ty I. Note that there 


would have been no such terms if 6(y, Y) were equal to uni ty (no 


distortion). 


There should be some additional contribution to the energy 

(including the rest mass) and /o r the momentum of the whole syste 

in order that the correct Lorentz transformation property is 

satisfied. A simple solution to this problem can be obtained by 

introducing a scalar type volume energy a la MIT bag model (ll. 

It is assumed here that the system has a definite volume. Let Ms 

be the contribution to the rest mass from the volume energy. The 

the total rest mass is ~\. Ms while the volume energy in the 

boosted frame is M /cos hY because of Lorentz contraction. There 
s 

is no additional contribution to the longitudinal momentum of th 

system in the boosted frame because the scalar type interaction 

does not carry momentum . The total energy and the longitudinal 

momentum of the system in the boos ted frame are then given by 

E E • M /coshY,
c s 

(3.5) 

PL PcL ' 

On the other hand, Lorentz covariance requires that 

E M • M ) coshY, (3.6a)c s 

PL = ( Mc • Ms ) sinhY. ( 3.6b) 

Eqs.(3.2),(3.5) and (3.6a) yield 



21 . (3.7)Ms 

Equation (3.6b) is then automatically satisfied . This is the 

lea ~ t modification to the energy-momentum of the system in order 

to achieve a correct Lorent z t r ansformation property. Eqs. (3 . 1), 

(3.4) and (3.7 ) giv e an inequality 

~ 

ro J 2 ~ DO(y,PT)
M - M (3.8) 

c s J~~ d PTmT c oshy > O. 

4. Enerey-momentum tensor of a relativistic gas 

Consider a case where a composite system in c . m. system Is a 

gas contained in a box at rest. We wi 11 first calculate the 

pressure. The proper energy density due to constituents is given 

by 

E = (4. 1 ) Mc/vr' 

where Mc is given by (3.1) and Vr is the volume of the box. The 

density of c onstituent particles with rapidity between y and y + 

-+ -+ 2-+ -+
dy and transverse momentum between P and P + d P is DO(y,PT)

T T T 

dYd2PT / Vr' The number of such part i cles that collide with a unit 

a r ea of the s u r face S per unit time is lanhy DOCY,P ) dYd 2P IV
T T r 

for y > O. See Fig. 3 for the definilions of the surface S and the 

coordinate axes. The transferred momentum per collision is 
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2m sinhy. The pressure at the surface S is then eiven by
T

2 Jro J 2~. ~ --V- dy d PTmTslnhy tanhy DO(y,PT)PI 
r -00 

Ms / V · ( 4 . 2 ) 
r 

The contributions from the consti tuents to the energy and the 

longi tudinal momentum of the system in the boosted frame wi th 

boost rapidity Yare evaluated using (3.2),(3.3 ) ,(4.1 ) and (4.2): 

2sinh y 

Ec M coshY + P1V r coshY'
c 

Pel= ( Mc + PIV )sinhY .r 

As the volume of the system i s Vr / coshY in the boosted frame, lhe 

T 10 energy density TOO and the longitudinal momentum density ar e , 

respectively, given by 

TOO E IcV IcoshY)c r 

E + v2p 
I 

(4.3) 
v21 ­
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T IO 
PcL/(Yr/coshY) 

Y(£+P )
1 ( 4 . 4 ) 

I - y2 

IoIhere Y tanhY. As mTcoshy tanhy mTsinhY, one can easi Iy sholol 

tha t TOI TI0, IoIhere TOI is the x-component of the enerey 

current. 

The II component of the energy-mom~ntum tensor corresponds to 

the x-component of current of x-component of momentum. I t is 

given as 

->- ITIl (Y IcoshY) r~y Jd 
2-> 

PTmTsinhy tanhy Dy(Y,P T ) r 

2
2-> m Sinh (y+y)

y-I T ->
d p .--'------- DO(y,PT) 

r f'd Y f T coshy
-CD 

2 
y £ + PI 

(4.5) 
I - y2 

->-> 
Now let P (Px,Py,P ) and v (Vx,Vy,V ) be the momentum and the 

z z

2 2
P Pvelocity of a co nstituent particle . As P~ y + z and Vy 

py / mTcosh Y , one has 
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- I 2 -> -> 
(Yr/coshY) d PTPyVyDy(Y,PT)T22 

f'dY f 
-CD 

y- 1 2-> .. 

f'dY f d PTPyvyDO( y ,PT)
r 

-CD 

P
2 

, (4.6a) 

and similarly, 

T33 P , (4,6b)
3 

...here P (P ) is the pr~ssur e for a pI ane perpend i cuI ar to the y­
2 3 

(z-) axis. Fi na II y, it is easi Iy proven that 

Ti j for i , j I ,2,3 1<1 i th i .. j, (4.7)° 
->

provided Dy(Y,P ) is invariant under the rotation around the x-
T 

axis. Of course, one has PI P P IoIhen the momentum
2 3 

distribution of the constituents in the c.m.s. is isotropic. All 

those results (4.3) - (4.7) coincide loIith the loIell-kno ... n 

expression for the e nergy-mom~ntum tensor of a relati v istic 

gas [2). 

5. Invariant mass of the system and a virial theorem 
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In this section, we assume that the invariant momentum 

distribution of consti tuents in the c.m. system is isotropic; 

~ "2 C5. 1 ) f C P ).E 3"
d p 

One then has 

.. 
fCp2)DOCY,PT) 

2 2 2 C5.2)fCmTcosh y - m ). 

From C3.1) lind C5.2), one has 

f
OO 

2 2 
dy fd PT mTcoshy fcmicoSh2y - m )Mc 

-00 

f
OO fa> 2 2 2 2

2n dy dmTmTcoshy fCmTcosh y - m ) 

-a> m 

h C s) 2 
2n rdS~ fCs) dy Ccoshy) , C5.3) 

o fo 

where 

rz- /h C s) cosh -1 CJm~+ s m), ( 5 . 4 ) 

and use was made of an i den t i ty 
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222 2
fCmTcosh y - m ) fOOdS fCs) 6cmicoSh2y - m - s) • 

-00 

In a similar way, C3.4),C3.7) and C5.2) yield 

hCSOO ~ f ) 2 -4
2n ds vm~+ s fCs) dy Csinhy) Ccoshy). C 5 . 5 ) MS f o 0 

Equations C5.3) and C5.5) give 

hCS 
oo ~ f ) 4

M - M 2n ds vm~+ s fCs) dy Ccoshy) > O. C5.6)
c s f o 0 

Since hCs) .. 00 as m .. 0 for s > 0 and 

f
OO - 2 00 

2-4
dy Ccoshy) 1 , dy CSinhy) Ccoshy) 113,fo o 

one obtains a virial theorem a la bag model 

M 1M 3 C5.7)
c s 

in the massless limit m" O. 

In a one-dimensional case where there is no transverse dee-ree 

of freedom, the sine-Ie particle inclusive distribution of consti ­

tuents is completely specified by the rapidity distribution e(Y). 

The constribution to the invariant mass of the system from the 
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constituents and that from the scalar type interaction turn out 

t o be 

(5.8a)mG ,'\ I 

(5.8b )mG ,"Is 2 

",here 

(5.9 a)JoodY coshy g(y),GI -00 

~ (5.9 b)g (y ) .G fdY2 coshy
-00 

In order that Mc stays finite as m approaches zero, g(y ) should 

I 
have an appropriate m-dependence ~o that grows like m- as mG I 

goes to zero. Such a divergent behavior of G can only come fromI 

the integration region where Iyl is very large. As the leading 

2behaviors of coshy and sinh y / coshY are the same for large Iyl, 

it is obvious that G / G -> I as m -> O. One thus has
I 2 

(5. 10 ) 1 , MC / Ms 

in the limit m -> O. 

- 17 ­

6. Yo-yo mode of the flux tube 

The energy-momentum of the composite system s discussed in the 

preceding sections consists of two parts: one due to the consti ­

tuents and another· to the scalar t y pe interaction. In general, a 

system may have a more complicated structure because any Lorentz 

4-vector can be added to t he original energy - momentum 4-vect o r 

wi thout destroying the corre c t Lorentz transformation property. 

typi c al but rather complicated example is provided by the yo-yo 

mode (3-6] of the bagged flux tube with a quark and an antiquark 

attached at the ends (7-10]. 

The structure of the flux tube can be determined by requiring 

that its Lorentz transformation property should be the same as 

that of a string in the zero radius limit. The string has the 

followine crucial properties. An infinitesimal segment of string 

of length d~ carries energy and momentum 

dE Kd~ , (6.la ) 

-> ; ! ->2 

T T


dp
-> 

Kdll.V 1 - v (6.1b) 

->
in any frame. Here, K is the string c onstant and v is the

T 

velocity vector which is perpendicular to the string direction. 

Such an object can be real ized as the zero radius lim; t of a 

color flux tube in the following way (1 0 J. 

Consider in the c.m. frame a non - rotating tube with radiUS R 

and the maximum length L wi th disk-shaped massless quark(q) and 
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antiquark (q) attached at both ends. I t is assumed here that the 

vacuum inside the tube is perturbative whi Ie the one outside the 

tube is of nonperturbative nature such that the dielectric 

constant 	 is vanishing there. A uniform color electric flux tube 

is formed between q and q, while there is no maenetic field 

anywhere in C.m.s. If the tube is placed such that its axis lies 

in the x-y plane, each component of the color electric field 

inside the tube is given by 

E (Ex,E y ,E ) (Ecos8,Esin8,O), 	 (6.2)
Z 

where 8 is the angle between the x-axis and the tube axis, and 

the color indices are suppressed. The situation is depicted in 

Fig.4. In the bag version of the flux tube picture, there is the 

following relation between the bag constant B and the field 

strength 	 to realize the pressure balance at the boundary of the 

tube (7): 

B £E
2 I 2 . 	 (6.3) 

-> 
As v 0 in the present case, the string constant is equal to

T 

the string tension and hence to the total energy of the flux tube 

per unit leneth. It is given by 

K nR 2 ( 	 1 £E 2 
+ B ) nR2 £E2. (6. 4)

2 
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Fig.4 

The quark and the antiquark at both ends of the tube perform the 

yo-yo motion with light velocity and the period 2L. If the x-axis 

is chosen as the loneitudinal axis, the loneitudinal rapidities 

of q and 	 q turn out to be 

-1 - 8 
± Yo tanh (tcos8) +lntan2' 	 ( 6.5) 

while the momenta of q and q change linearly in time between 

-KL/2 and +KL/2 wi thin a half period. The time -averaged rapidi ty-

PT distribution of the consti tuents (q and q in this case) is 

-> 
DO(y,PT) 8(PT ) 8(}KLsin8 - PT) ( 6(y - yO ) + 6(y + yO) ) 

x ) /(n PT
KLsin8), 	 (6.6) 

... 
where PT 1PTi and 8(x) is the step function . 

If the system is boosted along the x-direction by rapidi ty Y 

tanh-Iv, the electric and the magnetic fields E' and S' inside 

the Lorentz contracted tube become 

E' (Ecos8,Esin8coshY,O) , 	 (6.7) 
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(6.8)B' (O,O,Esin8sinhY) . 

The energy and momentum densities due to those fields are, 

respectivelY, given by 

lE ( £' 2 + B' 2 )P' 
2 

2
tEE2( cos 28 + cosh2Y sin S ) (6.9) 

and the Poynting's vector 

( EE 2sin 2 S coshY sinhY, -EE
2 

sin8 cosS sinhY, 0 ). (6.10)S' 

The anele between the flux tube and the x-axis is 

- I ( 6 . 1 1 ) 8' tan (coshY tan8 ). 

..
The y-PTdistribution of q and q is given by (2.9) with (6.6): 

.. .. 
6(y , Y)D (y-Y,PT)Dy(Y,PT) O

S ( PT)8(tKLsinS-PT) 

rrPTKLsin8coshYcoshYO 

(cosh(Y+YO)6(y-YO-Y)+COSh(Y-YO)6(y+YO-Y)}' (6. 12) 
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Now the contributions to the invariant mass M and the total 

enerey-momentum of the system in the boosted frame from the 

constituents (e), fields(F) and the "bag constant" (B) can be 

determined by some straightforward calculations and the result i~ 

summarized in Table 1. The contributions from e,F,B to M are in 

the ratiO 2:1:1. The most peculiar point is that the 

Tables 1 and 2 

contributions to <P~) (the y-component of the momentum) from e 

and F cancel each other. On the other hand, the contribution to 

the energy <Q') and <P~) ( the x-component of the momentum) fro 

e is just what is predicted by (3.2) and (3.3) with 

1 2
"2KLcos 8, (6.13)Ms 

Whi Ie the contribution from B possesses a property characteristi 

of a scalar-type interaction, the F part shows a hybrId nature, 

the scalar (SF) and the vector (VF) as long as <Q') and <P~) are 

concerned . Furthermore, it has an addi tional contribution called 

XF to <P~). In the present case, it is remarkable that the scala 

type volume energy consists of two parts SF and B. Shown in Tabl 

2 are the decomposition of the F-part into three parts SF,VF,XF 

as well as the sum of the SF and the B parts. Dependence of 

vari o us components on S is also remarkable. For example, '\ ( su 

of the SF and the B parts in M ) depends on 8 (see (6.13», both 

the F and B parts in M are independent of S while separation of F 
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part into VF and SF depends on 8. The total sums for M, <Sl'),<P~ ) 

and <p~ ) are of course independent of 8 and satisfies a correct 

energy-mom!'ntum relation 

dl,)2 _ <p,)2 _ <p.)2 M2 . ( 6 . 14) 
x y 

7. Conclusions and discussions 

In the present paper, we have considered relativistic 

composite systems with finite extension within a classical (non­

quantum mechanical) picture. The key result (2.9) is obtained 

from th!' fact that, in an isolated composite system, a constitu­

ent particle is confined in a spatial ree-ion of finite volume. 

The result claims that the rapidity distribution of the constit­

uents in a boosted frame is not just a translated c.m. rapidity 

distribution but is a translated one multiplied by a distortion 

factor 6(Y,y). This resul t is to be compared wi th the case where 

a system is made of completely free particles. In such a case, 

the rapidi ty distributions in different fram~s are transformed to 

each other by simple translation. It is essential that such a 

system cannot form a stable system with finite spatial extension. 

Conversely speaking, existence of particles confined in a finite 

region of space means existence of an interaction. A minimlll way 

of making a composite system consistent with Lorentz transforma­

tion is to add a scalar-type interaction term as shown in section 

3. In such a minimal case, the invariant mass of the whole system 

cons is ts 0 f two par ts, the cons t j tuen t (C) par t and the sca I ar 

type interaction (S) part; 
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M Mc + '\. (7 . I ) 

In a relativistic gas confined in a "box" with vanishing energy­

momentum, the proper enerey densi ty corresponds to the C part 

whi Ie the pressure to th!' S part as demonstrated in section 4. 

This m!'ans that the enthalpy densi ty E + P corresponds to the 

invariant mass density. 

A remarkable but p!'culiar resul t is obtain!'d in the c ase where 

a constituent is massless. That is, we obtain in section 5 a 

virial theorem M:M 3:1 ( or 1:1) for the 3- (or \-)c s 

dim!'nsional case. Usually, one has the sam!' resul t by assuming 

that the energy (·=mass) of a system in its c.m.s. is expressed as 

E 
_a 

R + bR
d 

(7.2) 

and by minimizing E for variation of R, where d is the dim!'nsion 

of the space in which the system is embedded. Note that the firsl 

term on the r.h.s. is due to quantum fluctuation ground state 

kinetic energy of massless particles) while the second term is 

the vo I ume energy term. It i s th~re fore very pecu liar tha t the 

same vi rial theorem is obtained within a purely classical (non­

quantum mechanical) fram~work. This result may be an indication 

for an unknown deep connection between special relativity and 

quantum m~chanics. Anyway, our result is most reliably applicable 

to a relativistic composite system of macroscopic size. It should 

be used carefully when a system is so small that quantum effects 

may be important. 
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As illustrated in section 6, an instructive example of a fully 

[. e I a t i vis tic com p 0 sit e s y s t em i s p [. 0 v ide d by a flu x tub e 101 i t h a 

quark and an antiquark at the ends performing a yo-yo motion. It 

should be noted that a stationary flux tUbe with constant leneth 

is relativistically "incomplete " , that is, the energy-momentum of 

such a system dop.s not have a correct Lorentz transformation 

property. An open flux, i.e., a flux wi th ends has to be 

associated with source particles that emit or absorb fluxes . In 

general, our resul t suggests that full consistency of a composi te 

system with Lorentz transformation implies a very stringent 

condition on the nature of the interactions which are responsible 

for forming the composi te system. Presumably, such a consistency 

may hold automati c ally in a bound state problem of covariant 

quantum field theory if the problem is solved exactly. 

Nevertheless, our result will be useful in various practical 

cases such as phenomenoloeical models of hadrons, relativistic 

effects in nuclei, approximate methods of solving a relativistic 

bound state problem or constructine a relativistic wave function 

for 	a composite system, relativistic hydrodynamics and so on. 
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Table 1. Contributions from constituents(C), fields(F) and bag 

constant(B) to the rest mass, energy and momenta of the flux tube 

C F B sum 

Tab] e 2. Decompos it i on of the F par tin to vec tor (VF) par t, sea I ar 

(SF) part and the third(XF) part. Sum of SF and B parts is shown 

also. 

VF SF XF SF + B 

M lKL lKL lKL KL
2 4 4 

] L . 2SM 2K sIn ~KL<]-2Sin2s) 
] 2 2

<Q') 2KLcoshY(1+V cos S) 

<P' > tKLsinhY(]+coS2S)
x 

<P' > 7LtanhYS i nScosSy 

] 2 2 2 KL
4KLcoShy(]+v -2v cos S) KLcoshy

4coshy 
2

KL( 1-2s i n 8)
<Q' > ~KLCOShYSin28 4coshy~KLSinhYSin2S 0 KLsinhy 

2 
<P' > -}KLsinh y sin s 0 

x-~KLtanhYSinSCOSS 0 0 

0 
] 2 
"2KLcos 8 

0 
KLs;:os2S 
2coshy 

0 0 

<P' > 0 0 -tKLtanhYSinSCOSS 0 
y 
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Figure captions 

Fi~. 1. The distortion factor for various Y 

Fig . 2. Comparison of the distorted as well as the merely 

translated distributions with the original distribution 

before the boost !1(y,y) 
Fig.3. A box with the surface S which is perpendicular to the 

boost axis x. 

Fig.4 . Color flux tube formed between a disk-shaped qU8rk and an /y=oo
2.0 ~:::::==~2antiquark wi th opposi te color charges . 
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