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Summary
Generalizéd Kerner-Wong equations are derived and compafed with
geodesic motion of freely falling partiéles in a multidimensional
. . N t
Universe with homogeneous ‘fib:es. It is argued that the new charges,

which couple to the generalized Jd:dan-f'fhierry,fields are nonlinear.
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Recenily a dimensional reduction scheme was proposed based on a mul-
v tidimensional gravitatiénal field congtrained by an imposed global sym-
metry group. In the present note we use the notatibn and the results

of [1}. Eis a multidimensional Universe endowed with a gravitatibnal‘

field 45 satisfying the Killing equations

' X
[ei,ej] Cijek

are basic vectors in the Lie algebra G . The reduction theorem given
in {1] shoﬁs that the reﬁaining degrees of freedom in g,p can be
described in terms of a gravitationél fie}d guv(x) on space-time M
{the manifold of G—orbits),,géugekfielé Aﬁ(x) on M with gauge
group K = N/H, where ‘B is the‘isdtropy'group and N is the normali-
zer of H in G, and Higgs fieldé gaa(x)f-’(gas; éab)’ The indices

we use run as follows

Uy VO -"épace-tihe
i,j,k - G, |
0,8,y - S=G/H,
a8,y = H ;

a,b,c | - L =.G/N T



a,b,e - K=NH.
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Our aim is to investigate motion of test particles in external fields

' By A: » Bap * The simplest method to get equations of motiom is by
the Souriau method i.e. from the invariance principlé,s‘ {see [2], also

[3} and references there). With the notation of {3] we get: . :

for a vertical invariant vector field X = (xa)’ on P

a a
(Lxm )u = Dux ’
‘ €))

~

a .
Ly 8y = X (G, 5 +Cag) »

for a horizontal invariant vector field X = AL (-horizomtal 1lift)

a a v
. (Lxm )H = F:v; 97

Ly 8w = WSt N5 2)
x g~ ;uD}PuB :

~ . .
The responce functional F can be written as

1
3

. [ OTs0 + JReud 4 3778 - -
»;F,w fdar 8, + 0w + 4278 g g)de , 3

and assuming its vanishing for displacements &t giveﬁ by b(‘l)‘ and (2)

one gets ™ = m¥e’ s Jg = tqaiu and revolut_icnfeqm_ations'



an PR 1] L ’
— =420y g +Cp ) - (5)
t , : ;
where- . .
= .Y - = V N ‘ - 6
Caa.B gSY C ' : (6)

It is remarkable that the re'stfi.cti'm'l of the invariance group to K,
as required by the aBove method, leaves coinpletely undetermiried time
.evolution of the "Higgs chatgesf‘ zaB; which couple to the Higgs fields
8ag * L }

In order to get.a deterministie system of equations of motion one
can try to progect geodesic motlons in E onto M. Here, however, one &
meets the followxng d1ffic;11ty. a geodeslc v in E need not be conta—
ined in the pr1nc1pa1 bundle P reahzed as a- -submanifold of E. In
jfact, because the progect:.ons of y onto the K1111pg vectors are cong~
tants of motion,  ‘the angle between y and P (or rather translatlons .
of P) remains constant. To remedy thls dlff:.culty one could use ac~
tion of the global symetry group G, to transfom y back to P. ;

‘Then, however, another problem anses-the group element 1mp1ement1ng

the transfomnon is unique only modulo the stability group H of P,
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As a result the ;ffective charge looses its linearity - it takes va-

lues in the manifold of Ad(H)~orbits in S = G/H .

The detailed analysis and interpretation of the resultiﬂg evolution

equations is. diéficult and will be given elsewhere [4]. Here we compa-

re the explicit form of geodesic equa'tions in E with (4) ami (5)~ in

order to get some idea about the nature of the H1ggson1c charges b it .
The local moving frame in E (v:.elbem) e, weAuse consists of in-

variant horizontal vector fields e]_l , and fundamental vert:l.cal vector

fields e, - The Chnstoffel symbols of gAB calculated at p P are -

gy HCg )~ Crap * Cayyed | L )
Tan ™ ru’av,B, " Tag " LN A®
'ruu,v - | ruu,v Sl lr;.w,a‘.‘ E F‘uv,a ' 9
Ty = (the Christoffel symbols of g, on M.
Thus at p € P : ti:xg geodesich gquati.ons a£e
: ' L s
?'xl = Fﬁuiv"'a . "v“aus«’.‘m}"‘ﬁ ’ | | | }(’,01).

. dt Lo . . . " i

aB U \’ ..Y 'b-' aB .Y.& ’ ’ 1)
--—-dt>+g X(DHSBY)X ’g,cay,cxx N ".‘(1)



By comparing Eqs (4) and (10) we see that the H1ggson1c charge z 48

is not an independent quantlty. We should have

798 38 ‘ (12)
and '
1 Fegp X | | a3

The difficglty in interpreting the equations (11) is that an observer
in M which is blind to the extra dimensions GNH will not distinguish
between geodesics y and yh , where h is any element of the stability
group H. Both geodésics pass through the same point p € P aﬁd have

t he Qame projection on M, uevertheless the &értical‘components =
(taking valﬁes in G/H ) differ by the transformation Ad(h). The dif-
. ficulty does not arise for the cémpoﬁents ia since vectors in K = Lie(K)
are Ad(H)-invariant. However, the r;ﬁ;ining Higgs charges Z b should
be understood as being bu11t out of the H-orblts [q ] rather than
vectors q el . The least trouble for an 1nterpretat10n gives the
couplipgvzabnvgab in (10). Indeed, owing to the Ad(H)-lnvarlgnce of

aqu vBab depends .on the equivaience'class

Byg {1) we find that q .
(H~-orbit) [q] of q Enly. Also the coupling on the'right hand side

of (5) whlch gives rise to the coloured charge nonconservatlon, can be
described in terms of equivalence classes [q] w1thout any dszlcultxes.

A

The interpretation of the remaining geodedic equations (11) for o=a



in terms of H-based quantities is given in [4], where evolution equa-

tion for the nonlinear Higgs charge [qa] is discussed. An alternative
-approach can be based pn}thé following observqtioni among the symmet-—

ab

ric tensors Z° = qaqb, where q runs through the orbit [q], there

is exactly one which is‘Ad(H)einvariant. Thus, as far as couplings
viavzab are important, one could iry to eliminate the-nonlinear [q]-s
completely. However it is difficult to see how (11) éould give an evo-
lution of the composite Zab ﬁi;hout being forced to use its (nonunique)

"square root" qa. Therefore the nonlinearity of the Higgs charges [q]

seems to be unavoidable.
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