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Abstract Apply ing the method o f  moments o f  Papapetrou, the equat ions o f  
5 non-Abel ian charged spinning t e s t  pa r t  i c l e  i n  an Einstein-Yang-Mi I 1  s- 
Higgs f i e l d  a r e  der ived f rom covar ian t  energy-momentum and charge con- 
servat ion. 

INTROOUCTION 

Some time ago we der ived'  the equations o f  m o t i o n  o f  a non-  

Abel ian spinning t e s t  p a r t i c l e  i n  a Yang-Mil ls f i e l d  by the  method o f  

moments o f  papapetrou2. I n t h i  s p a p e r  we e x t e n d  t h o s e  r e s u l  t s  t o  

the case o f  the coupled E ins te in- Yang- Mi I l s- H iggs  f i e l d .  The c a s e  o f  

the Yang-Mi 1 l s-Higgs f i e l d  was t rea ted by Drechsl er, Havas and ~osembl um3 

f o i  lowing the procedure f i r s t  introduced by f lathisson4. We general i z e  

t ha t  paper's r e s u l t s  by superimposing a g r a v i t a t i o n a l  f i e l d .  We sha l l  

f o l l o w  Papapetrou's method o f  moments o f  the energy-mome~tum tensor and 

of t he  cur rent ,  uh i ch  has been used5 i n  the ana lys is  o f  a .pele- d i p o l  e 

charged p a r t i c l e  i n  an Einstein-Maxwell f i e l d .  

The problem o f  the g r a v i t a t i o n a l  motion o f  a Yang-Mills p a r t i c l e  

has been t rea ted by Wospakrik6. However, subs id ia ry  condi t i ons  f o r  t h e  

sp in  and f o r  the  non-Abelian d i p o l e  moment tensor were used i n  t h e d e r i -  

va t i on  o f  the equations o f  motion and one i s  no t  sure i f  these equations 

a re  independent of the s ide  condi t ions .  We general i z e  Wospakrik's paper 

by superimposing a Higgs f i e l d  and de r i ve  the  equations w i t h  nosubs id i -  

ary condi t ions .  We make use o f  the  subs id ia ry  cond i t ions  only t o  simpl i f y  

the r e s u l t i n g  equations. 

The method w i l l  a l so  y i v e  the volume in teg ra l  o f  the energy-mo- 

mentum tensor and of the current ,  and o f  t h e i r  f i r s t  moments. 
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1. THE EQUATIONS OF MOTION 

Our s t a r t i n g  po in t  i s  the space-time covar ian t  g e n e r a l i z a t i o n o f  

the divergence r e l a t i o n s  given i n  r e f . 3  i n  f l a t  s p a c e - t i m e ,  f o r -  the 
- 6 energy-momentum tensor ? and the non-Abel ian Yang-Mil 1s cu r ren t  2' o f  - -+ 

the system, p being i t s H i g g s  charge densi ty.  I n  terms o f  the dens i t i es  
-'V -+ -+ PEI = 6 @, 3 = 6 j and p = 6 p, the divergence condi t i ons  be- 

come 

where 

i s  the Yang-Mills f i e l d  tensor expressed i n  terms o f  i t s  po ten t i a l s ,  b 

i s  a dimensionless constant, V i s  the space-time covar ian t  d e r i v a t i v e  a 

+ 
i s  the covar iant  d e r i v a t i v e  i n  S U ( ~ )  space. Not ice  t h a t  as O i s a s c a l a r  

a +  a -+ 
i n  space-time, V @ = a @. 

We consider an extended system wi t h  reference p o i n t  f ((SI and 

wi t h  veloc i t y  

-ta 
where ds2 = gaB &?c@, and we shal 1 consider rnonients o f  IP8 and o f  J 

about xa up t o  f i r s t  order. This i s  agood approximation f o r  systems which 

a re  small i n  comparison w i t h  the  length scale v a r i a t i o n  o f t he  e x t e r n a 1  

f i e l d .  By demanding t h a t  thedirnensions o f  the s y s t e m  t e n d  t o  z e r o  

around f a t  the very end o f  the ca l cu la t i on ,  t h i s  p o i n t  w i l l  g i v e  the 

wor ld l ine o f  our po in t -1  i k e  charged spinning p a r t i c l e 7 .  

Now we proceed as usual '. 
In teg ra t i ng  eq. (1. I )  over the three-dimensional space volume o f  

our system, f o r  t = const, we have 
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We now consider the  space i n teg ra l  over our system o f  the d i -  

vergencies a ($pFi) and a (x'xA p U ) ,  which can be ca lcu la ted hy means 
Fi u 

o f  eq. (2) .  We ob ta in  

and 

L dt I X ~ X ~ T ~ ~ ~ V  = ( x h P  + 9 1 P h ) d v  + I 

Next we w r i t e  

x
a 

= X01 + r5xa , 

w i t h  X O  = t, tha t  i s 6 x
0  

= 0 ,  since a l l  i n teg ra l s  r e f e r  t o  the hyper- 

plane t = constant. 

We now s u b s t i t u t e  eq. (1.9) i n t o  eq. (1.7) f o r  xB and make use 

o f  eq. (1.6), then i n t o  eq. (1.8) f i r s t  f o r  $ and make use o f  eq. (1.7); 
X 

afterwards, we do the  same f o r  x and make use o f  the previous one de- 

r i ved  from eg. (1.7) i nvo l v ing  /6x6 Taodv . I n  t h i s  way we ob ta in  the 

equation 

( I .  10) 

and, t o  f i r s t  o rder  i n  6za, 
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We now expand iYv (;c), p6 ( r )  and D%(x) around f , 

where ao = 3/37', w i t h  s i m i l a r  exprersions f o r  F* and D";. 
Taking these expansions i n t o  eqs. ( i  .6) and (1.10) we obta in ,  t o  

a 
f i r s t  order i n  6 s  and tak ing  the X dependence as i m p l i c i t l y  understood, 

( I .  13) 
and 

We now introduce the no ta t i on  ( u o  = d t / ds )  

~ = u O I ~ d V  , = u 0  I 6 z h 3 d v  ( 1  .16) 

anci 

-i 
f = u O / dV , 8' = u @ J  62' I; dL7 ( i .  17) 

-+ 
whe re  f and are  the Higgs charge and dipo!e moment o f  the system 

i n  i t s  res t  frame, respect ive ly .  Also 

are  the Yang-Mills charge and e l e c t r i c - d i p o l e  moment o f  the system re-  

spect ive ly .  Note tha t  the two quan t i t i es  i n  eq. (1.15) a re  symmetric i n  

a, B and tha t ,  as 6 x 0  = O, we have 



Revista Brasileira de F(sica, Vol. 18, nF> 2, 1988 

U s i n g e q s . ( l - 1 5 ) - ( 1 . 1 8 )  w e c a n w r i t e e q s .  ( i . 1 3 ) ,  ( 1 . 1 4 )  and 

(1.11) as 

and 

uB MAao + UA = ( d a B  + PA ),O ( i  .22) 

Be fo re  we go on w i t h  these equations,we d e r i v e  those which f o l -  

low f rom eq. (1 . 2 ) .  From t h i s  equa t ion  we can c a l c u l a t e  au (i";" a n d  

a Y ( z ~ ~ ) .  I n t e g r a t i n g  t h e  r e s u l t i n g  expre rs ions ,  and a l s o  eq. (1.21, 

over  o u r  system we o b t a i n  

and 

We now proceed as  be fo re .  We i n t r o d u c e  eqs. (I .9) i n t o  ( I  . 2 4 )  and 

make use o f  eq. (1.23), then i n t o  eq. (1.25), f i r s t  f o r  9 and a f te rwards  
B + a 

f o r  x . Next we expand A around X . Keeping o n l y  terms t o  f i r s t  o r f l e r  i n  
a Fi 

6 x  we o b t a i n ,  i n  t h e  n o t a t i o n  o f  eqs. (1 .16)- ( I  . 1 8 ) ,  t h e  f o i l o w i n g  s e t  

o f  equat ions analogous t o  eqs. (1.20)- (1.22): 



Revis ta  Bras i le i ra  d e  Física, Vol. 18, no 2,  1988 

and 

2. THE CHARGE EQUATION 

The second term on t h e  r ígh t- hand  s i d e  o f  eq. (1.26) can be 

w r i  t t e n  as 

where 

By symmetr iz ing and an t i symmet r i z ing  p' and by making use o f  

eq. (1.28) we can see t h a t  YB i s  an an t i symmet r i c  q u a n t i t y  

a+@ o 7' = + (i@ - P a )  + ( u B p O  - u N ) . (2.3) 
2u O 

From t h e  second r e l a t i o n  i n  eqs. ( I  .16) and (1.18) we see t h a t  

+A From eq. (2.2) and t h e  r e l a t i o n  i n  ( I  .18) f o r  d and i n  eq. (1.19) 

f o r  zoa, i t  f o l l o w s  t h a t  

i t s  

(2 - 

220 

-ti O 
T h e r e f o r e  J i s  t h e  Y a n g - M i l  1 s .  e l e c t r i c  d i p o l e  moment and 9' 
i s  t h e  usual n o n r e l a t i v i - s t i c  magnetic d i p o l e  moment o f  t h e  system i n  

r e s t  frame. Taking eq. (2.5) i n t o  eq. (2 .2)  we o b t a i n  

As YB i s  ant isymmetr ic ,and r e c a l  l i n g  eq. (1.3) we can w r i t e  eq. 

1) as 
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From eqs. ( I  .27) ,  (2.5) and (2.6) we o b t a i n  

where 

i s t he  general  i zed Yang-Mi l l s charge. 

Now we s u b s t i t u t e  eqs. (2.7) and (2.8) i n t o  eq. (1.26). Making 
+ + 

use o f  t he  Jacobi i d e n t i t y  f o r  Aa, A5 and FB, and f o r  2. and $,and 

o f  the antisyrnrnetr ic cha rac te r  o f  SaB we o b t a i n  the f o l  lowing equat ion  
+ 

f o r  t he  charge Q: 

i s  t h e  gene ra l i zed  Higgs charge and 

+ 
i s  the  c o v a r i a n t  d e r i v a t i v e  o f  the  charge &. 

Eqs. (2.8) and (2.6) g ive ,  r espec t i ve l y ,  the  space i n t e g r a l  o f  
-ta 

t he  c u r r e n t  j and o f  i t s  f i r s t  moment i n  terrns o f  the  d i p o l e  moment 

tensors a n d z a .  

3. THE SPIN EOUATION 

The d e f i n i t i o n  o f  rnomenturn a r i s e s  i n  a na tu ra l  way i f  we look  

f i r s t  f o r  t h e  s p i n  equation. For t h a t  purpose we in terchange a and 6 i n  

eq. (1.21) and sub t rac t  t he  r e s u l t i n g  equat ion f rom eq.(l.21). Recal l  i ng  

t h a t  #" = d@ and us i ng  eq. (2.61, we o b t a i n  
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where 

i s  t h e  s p i n  tensor  o f  o u r  system. No t i c e  t h a t  

N O W  u s e  e x p r e s s  i n  

the  f o l  lowing procedure2.  Add t o  eq. 

terms o f  t h e  v e l o c i  t y  and s p i n  by 

( 1 . 2 2 )  t h e  equa t ion  ob ta ined  f rom 

i t  by exchanging a and f3 and s u b s t r a c t  t h e  one ob ta ined  by exchanging a  

and A. One ob ta ins ,  u s i n g  eq. ( 3 . 2 1 ,  

To o b t a i n  t h e  l a t t e r  sum i n  terms o f  t h e  s p i n  we p u t  a = O i n  

eq. (1.22) and use eq. ( 3 . 3 ) .  We o b t a i n  

Wi th  t h i s  r e s u l t  eq. ( 3 . 4 )  becomes 

A  
2 d c @  = u ~ s ~ ~  + A-Aa + (u"$o + u B Y 0 )  . (3.6) 

u0 

S u b s t i t u t i n g  t h i s  r e l a t i o n  i n t o  eq.(3.1) we o b t a i n  f o r  t h e  s p i n  

tensor  t h e  equa t ion  

where 
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aB 
i s  t h e  momentum o f  t h e  system and GS /Ds i s  t h e  c o v a r i a n t d e r i v a t i v e o f  

s"B, 

4. THE MOMENTUM EQUATION 

L e t  us  cons ider  f i r s t  e q . ( 1 . 2 1 ) .  For t h e  second t e m o n  i t s  l e f t - l  

hand s i d e  we need eq. ( 3 . 6 )  w i t h  B = 0, t h a t  i s ,  

S u b s t i t u t i n g  eqs. ( 2 . 6 1 ,  ( 3 . 6 )  and ( 4 . 1 )  i n t o  eq.(1 .21)  and u s i n g  

eq. ( 3 . 8 )  we o b t a i n  

We now i n t r o d u c e  e q s .  ( 2 . 6 1 ,  ( 2 . 8 1 ,  ( 3 . 6 )  a n d  ( 4 . 2 )  

i n t o  eq. ( 1 . 2 0 ) .  We o b t a i n ,  f o r  t h e  momentum, t h e  equa t ion  

As S8' i s  ant isyrnmetr ic  we can s u b t r a c t  from t h e  second term o f  

t h e  r igh t- hand  s i d e  t h e  termr l "  3" ?O, which  i s  equal t o  zero.  I n  t h i s  
B u + ~ P '  

way t h e  c o v a r i a n t  d e r i v a t i v e  o f  F a p p e a r s  i n  t h i s  s e c o n d  t e r m .  B 
Then we add and s u b t r a c t  the  q u a n t i t y  bp. ( o x ~ ~ 8 )  t o  t h e  t h  i r d  t e r m .  

The c o v a r i a n t  d e r i v a t i v e  o f  Da$ w i  I 1  a p p e a r  i n  t h i  s t e r m  a n d  t h e  
-t a+ f o u r t h  o n e  become -G.D O, w h e r e  
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i s  t h e  genera l  i zed  Higgs charge. For t h e  l a s t  term o f  eq. (4.3) we use 

t h e  i d e n t i t y  

o'oa - D'D?$ = -b Ta x 5 (4.5) 

Then eq. C4.3) becomes 

where 

i s  t h e  Riemann c u r v a t u r e  tensor .  

E q s .  ( 4 . 2 )  a n d  ( 3 . 6 )  g i v e ,  r e s p e c t i v e l y ,  t h e  space i n t e g r a l  

o f  t h e  energy-momentum tensor  and o f  i t s  f i r s t  moment i n  terrns o f  dy-  

namical q u a n t i t i e s  o f  o u r  problem. 

N o t i c e  now t h a t  the  Yang-Mi l ls  f i e l d  t e n s o r  s a t  i s f  i e s  t h e  

equat i o n  

As SBa i s  ant isyrnmetr ic  t h e  mornentum equat ions (4.6) can a l s o  be 

w r i  t t e n  

Eqs. (2 .10) ,  (3.7) and (4.6) a r e  the  genera l  i z a t i  

space- t ime o f  t h e  corresponding ones d e r i v e d  i n  re f .3 ,  

a l s o  those d e r i v e d  i n  r e f . 6  i n  t h e  absence o f  the  Higgs 

s u b s i d i a r y  c o n d i t i o n s  f o r  t h e  s p i n  and t h e  d i p o l e  tensor  

(4.9) 

ons ta curved 

and genera l  i ze 

f i e l d  ãnd u s i n g  

s  (see eqs. (4. 

10) and (4.11) beiow). E q s .  ( 2 . 1 0 1 ,  ( 3 . 7 )  and (4.6) r e d u c e t o  those 

der i ved  i n  r e f . 1  i n  f l a t  space-tirne w i t h o u t  the  Higgs f i e l d ,  and eqs.(3.7) 

and (4.6) reduce t o  those o f  r e f . 5  f o r  the  usual E inste in-Mzxwel l  f i e l d  

which were d e r i v e d  by t h e  same method. 
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+ +a B 
Cons ider ing  t h a t  G ,  R and a r e  g i v e n  we have s e v e n  t e e n  

C1 q u a n t i t i e s  t o  be determined: 5 ,  Pa , ua and pB. Together w i t h  u ua= I, 

eqs. ( 2 .  IO) ,  ( 3 . 7 )  and (4.6) add t o  f o u r t e e n  equat ions and t h e r e f o r e  we 

need t h r e e  more equat ions t o  s o l v e  f o r  t h e  unknown q u a n t i t i e s .  These 

e x t r a  s u b s i d i a r y  c o n d i t i o n s  a r e  r e l a t e d  t o  t h e  p a r t i c u l a r  cho ice  o f t h e  
C1 

re fe rence  p o i n t  X o f  t h e  extended system. One p o s s i b i l i t y  i s  t o  choose 

T h i s  i s  t h e  c o n d i t i o n  chosen by ~ a t h i s s o n '  i n  t h e  case o f  t h e  

w t i o n  o f  a  neu t ra1  s p i n n i n g  p a r t i c l e 8 .  As c o n t r a c t i o n  w i t h  u g i v e s  an B 
i d e n t i t y ,  eq. (4.10) g i v e s  o n l y  t h r e e  a d d i t i o n a l  equat ions which i n  f a c t  

we need t o  determine o u r  problem. T h i s  r e l a t i o n  was adopted i n  r e f .  3 

and 6 and we s h a l l  do t h e  same. We s h a l l  a l s o  adopt a  r e l a t i o n  between 

YB and SaB which i s  analogous t o  t h e  e lec t romagnet i c  case, t h a t  i s  

W i  t h  eq. ( 4 .10 )  we have 

5. DISCUSSION AND SIMPLIFICATION OF THE EQUATIONS OF MOTION 

We now a n a  l y s e  the mot i o n  o f  a  non-Abel i a n  charged p a r  t i c 1 e  
-+ 

which i s  c h a r a c t e r i z e d  by a s i n g l e  v e c t o r  i n  isospace, t h e  i s o s p i n  T o f  

cons tan t  magnitude. That  i s ,  we adopt t h e  f o l l o w i n g  r e l a t i o n s  

-f 
where T i s  a  v e c t o r  o f  cons tan t  magnitude equal t o  one, 
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I n  t h i s  s i t u a t i o n  eq. (2.10) takes t h e  form 

where, as wi  I 1  be used from now on, a  d o t  des igna tes  c o v a r i a n t  d e r i v a -  

t i v e .  
+ + 

C o n t r a c t i n g  eq.(5.6) w i t h  eq. (5.11, wesee t h a t  &.&=O o r  ~ ' = Q ~ T ~ =  

= cons tan t .  As we have chosen T' a cons tan t  we conclude t h a t  t h e  Yang- 

M i l l s  charge has a cons tan t  magnitude, 

Q = cons tan t  . (5.7) 

Converse1 y, if one choses eq. (5 .7)  then -r2 i s  a  cons tan t  which can 

be normal i zed  t o  one, t h a t  i s ,  eq. (5.5) f o l l o w s .  
-t 

Wi th  eq. (5 .7 ) ,  eq. (5.6) becomes an equa t ion  f o r  T ,  

Wi th  eqs. (5.1) - (5.4) t h e  s p i n  and momentum equat ions (3.7) and 

(4.9) become, 

(5.9) 

and 

We s h a l l  a l s o  assume t h a t  t h e  magnitude o f  t h e  s p i n ,  Higgscharge 

and d i p o l e  moment and o f  t h e  Yang-Mi l ls  e l e c t r i c - m a g n e t i c  d i p o l e  moment 

a r e  cons tan ts  

S@ Sei@ = cons tan t  , (5.11) 

G = cons tan t  , (5.12) 

ci R R' = cons tan t  , (5.13) 
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and 

J* ?, = cons tan t  

o r ,  w i t h  eqs. ( 5 . 4 )  and ( 5 . 5 ) ,  
K = cons tan t  

As ,we show b e l o w ,  t h e  assurnptions t h a t  we have rnade w i l l  

lead t o  a system w i t h  a cons tan t  mass, mechanical p l u s  Yang-Mi l ls  and 

Higgs energ ies of i n t e r a c t  ion. 
+ 

F i r s t  o f  a11 we n o t e  t h a t  as R' = O we have 

s i n c e  t h i s  i s  v a l i d  i n  t h e  p a r t i c l e  r e s t  frame. From h e r e  we have 

we have 
+a 

ua& /as = O 

and, w i t h  eq. (5.15), 
-h3 u  R = O .  a  

There fo re  

-'a ' + a  
u c r R  = O  and u,ii = O .  

Recai 1 i n g  eq. (5.3) and n o t i n g  t h a t  

+a -ct -+ -+ 
R = &  T + R c r T  

eqs. (5.15) and (5.16) g i v e  

ua Rcr = O , 
and 

u Q i a = 0  and ;,RQ=O 

From eq. (4.10) we have 

C o n t r a c t i n g  eq. (5.9) w i t h  u  and u s i n g  eqs. (4.101, (5.17) and 
Q  

(5.19) we have f o r  t h e  rnomentum 
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where 

m = u a p  B 

We now l o o k  f o r  an equa t ion  f o r  m. 

C o n t r a c t i n g  eq.(5.20) w i t h  i and u s i n g  u B  = O we have, u s i n g  B B 
eq. (5.18) and eq. (5.20) f o r  sAB iB a f t e r w a r d s ,  we o b t a i n  

-+ -+ 
where K = K T and i n  t h e  l a s t  s tep  we have made use o f  t h e  f a c t  t h a t  

*X.FaA~Ap~EBp i s  an t i symmet r i c  i n  a  and B .  

From eq. (5.9) we o b t a i n ,  u s i n g  eq. (4.111, 

Taking t h i s  r e s u l t  i n t o  eq. (5 .22)  we ge t  

We now c o n t r a c t  eq. (5.9) wi t h  SaB. Using eq. (4.10) and eq. (5.11) 

we o b t a i n  
aB S R - O .  B - (5.25) 

From here  we have 

ia@ R + ,SaB i' = O 
B (5.26) 

Using eq. (5.9) we o b t a i n ,  r e c a l l  i ng  eqs. (5 .13) ,  (5 .17) ,  (5.18) 

and (5.251, 

-+ +B a+ -+B ia RB(-KJ. t D @.R J = O (5.28) 
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Using here  eq. (5.26) forkasia and eq. (5.9) a f  terwardr  we ob- 

t a i n ,  r e c a l l i n g  eq.(5.17), 

f i  aB oad. @ = ~g R$P, (pau< #(i. i % )  (5.29) 

From eqs. (5.201, (5.17) and (5.25) we g e t  

i- B $ =;.5 R,R~. (5.30) 

T a k i n g  t h i s  r e s u l t  i n t o  

eq. (5.29) we o b t a i n  

Using t h i s  r e s u l t  i n  

t h e  f i r s t  t e r m  o f  the  r igh t- hand  s i d e o f  

.+  a+ + - $ +  A+ 
= %-[.L @ +F K.F A ~ . D  @ . B (5.31) 

t h e  l a s t  term o f  eq. (5.22) we o b t a i n  

Now f rom eq. (5.10) we have 

A d d i n ~  these two r e l a t i o n s  and r e c a l l  i n g  eqs. (5.12) and (5.14) 

w e o b t a i n  f o r  m i n  eq. (5.211, 

+ D 1 +  
< = T  . E ( 7  K F a B  S a B -  ~b - i i ( L ~ ~ 8 )  . (5.34) 

-+ 
From t h e  eq. (5.8) we have 

(i K B ~  saB - G% - raoQ,6): = o . (5.35) 

From eqs. (5.34) and (5.35) we g e t  t h e  r e l a t i o n  

From here  we conclude t h a t  t h e  q u a n t i t y  
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i s  a  cons tan t  o f  mot ion,  which we i d e n t i f y  w i t h  t h e  rnass o f  o u r  s y s t a .  

I t  c o n t a i n s  the  mechanical mass m, t h e  Yang-Mi l ls  e l e c t r i c - m a g n e t i c  d i -  

p o l e  i n t e r a c t i o n  energy and t h e  Higgs charge and d i p o l e  i n t e r a c t  i o n  

energy. 

Wi th  eqs. (5.371, (5.20) becomes, w i t h  t h e  h e l p  o f  eq. (5.19) 

(5.38) 

Wi th  t h i s  r e l a t i o n  t h e  t r a n s l a t i o n  eq. (5.10) becomes 

Taking eq. (5.38) i n t o  eq. (5.91, t h e  s p i n  equa t ion  becomes 

Eqs.(5.8),  (5.39) and (5.40) a r e  t h e  g e n e r a l i z a t i o n s  t o  curved 

space-t ime o f  t h e  corresponding equat ions ob ta ined  i n  re f .3 .  

We can go a s t e p  forward i n  the  r o t a t i o n a l  equa t ion  by n o t i n g  

t h a t  because o f  eqs.(4.10) and (5.25) we can w r i  t e  t h e  f o l  l ow ing  r e l a t i o n  

between t h e  s p i n  and t h e  Higgs d i p o l e  rnoment, 
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C o n t r a c t i n g  t h i s  equa t ion  w i t h  i t s e l f  and u s i n g  e q . b . 1 7 )  we o b t a i n  

T h i s  shows, w i t h  eqs. (5.11) and (5.131, t h a t  L i s  a cons tan t .  

Then 

>@ = L E@AV(* U X  R v +  IAX iv) (5.43) 

Taking t h i s  r e s u l  t i n t o  eq. (5.40) and making use o f  t h e  i d e n t -  

t h e  l e f t- hand  s i d e  o f  eq. (5.40) reduces t o  L E ~ ~ ~ ~ ~ ~  and we o b f a i n  

(5.44) 

T h i s  equa t ion  i s  t h e  g e n e r a l i z a t i o n  t o  curved space- time, i n -  

c l u d i n g  t h e  Yang- Mi l l s  f i e l d  

t h e  case o f  a usual  nuc leon 

was o b t a i n e d  before
g 

u s  i n g  

c o n s i s t i n g  i n  an a l t e r n a t i v e  

by ~ a r i s h - ~ h a n d r a " .  

o f  t h e  corresponding equa t ion  ob ta ined  i n  

n t e r a c t i n g  w i t h  a s c a l a r  meson f i e l d ,  wh ich  

t h e  momentum m e t h o d  o f  P a p a p e t r o u  

d e r i v a t i o n  o f  t h e  one d e r i v e d  p r e v i o u s l y  

W i t h  eqs. (5.411, (5.8) and (5.39) toge ther  wi t h  eq. (5.44) a r e  
a a - +  

t h r e e  equat ions f o r  u , R and -c t o ta l i z inge levenunknowns,  i n  t e r m s o f  

t h e  cons tan ts  M, Q, G, K and L. As c o n t r a c t i o n  o f  eq. (5.44) wi t h  u, 

g i v e s  t h r e e  i d e n t i t i e s ,  eq. (5.44) g i v e s  n o t  s i x  b u t  o n l y  t h r e e  indepen- 
C1 

dent  equat ions.  These t h r e e  toge ther  w i t h  u u,, = 1 and t h e  s e v e n  r e -  

l a t i o n s  corning f rom eqs. (5.8) and (5.391, g i v e  t h e  e leven  equat ions one 

needs t o  determined t h e  e leven unknown q u a n t i t i e s .  
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Resumo 

Usando-se o método dos momentos de Papapetrou, as equações do 
movimento para uma p a r t í c u l a  t e s t e  não Abel iana carregada na presença 
de um campo de Eins t e in- Yang- Mi l l s- Higgs  são o b t i d a s  a p a r t i r  de con- 
servação de carga e de energia-momento. 


