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AnSTHACT. In gaugc 1hC'Orics,w!len using a lIiggs r<'presentation and aligning 1hc "vacuum
expccla1ioll valuc" (v.c.v.), wc show 1ha1 the uubrok<,n symmctry is a suhgrollp oC the ¡n¡tial
gallge group G.

HESUMEN. En teorías dc norma, lISéHldouna representación dc lIiAAs y alineando el "valor de
expcclación del vacío" (v.c.v.), mostramos quc la simetría que se preserva es un subgrupo del
grupo de norma inicial G.

I'ACS: 11.30.Qc; 11.l5.Ex

l. 1NTnOIlUCTION

Qlle of tile Illost important progrcsscs in parliclc physics ill tlle la..~t two decades has
been the developlllent of the so called Standard Modcl PI (S~I) with a gallge sYlllllle-
try SU(3)e 0 SU(:l)[, 0 U(lh-, which combines the color gallge grollp SU(:¡)e of strong
illteractions (QCD), and the SU(2)[, 0 U(lh. gallge grollp of weak and electromagnetic
illteractiolls. The S(\l is compatihle with cxtraordinary accuracy with prescllt experimental
data. From the tbeoretical poillt of vie\\' the S~l is knowlI to be consistent and renormal-
izab!e. As is characteristic of gallge theories, the interactiolls are gellerated by demanding
t he gallge ill\'ariallce of the tbeory, which implies that cOllp!ings of \'Cctorial gallge fields
to known fermions are givell hy the gallge symllletry. E,"ell thollgh the S~l describes witb
excellent accllracy the physics below energies typically of lOOGe\', it does not give an
answcr to SOIllC qll('st iOIlS, sud. as tlle origill alld vallles of fermioll ma.ssC's,the Ilumbcr
of familics, el' violatioJl, etc. For thcse rcasolls pllysicists believc that tIJe 5:\1 is not thc
last thl'ory ill particle physics.
There are lIlall)' attelllpts which try to givc an answcr lo thc ahovc qllestions, which

in a gelH'rie fOrlll can be llalllC'd as "Illodels bcyolld the st.andard 1Il0del". AIl of thcsc
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models imply the existenee of new partides, either fermions, gauge bosons al' sealars,
additional to those introdueed in the Sl\l. In this leHer we eommenl on some features of
those models whieh imply the embedding of the gauge group SU(3)e 0 SU(2)L 0 U(l}¡,
in a larger group G. The group G may be simple [2] or noto The former case eorresponds
to Gran Unifieation Theories (GUT). At present there are many of lhese models, most of
them proposed at the end of 70's. The most usual gauge groups used in GUT are: SU(5),
S0(10), Eo, SU(G) L 0 SU(G)e 0 SU(G) /1' etc. [31. Some extensions where G is not simple
are lhose that unify only families [,1].
The renormalizability of a lheory requires the lagrangian to be invariant under gauge

lransformalions. Sincc vector bosan mass tcrms are not gaugc invarianl, it appcars that
the gauge basan are exaelly massless. Ilowever, il is possible for the symmetries of lhe
equations of motion of a lheory lo be broken hy stable solutions, whieh can piek oul
a spccific dircction in t1lc syrnmclry spacc. This situation is known as "Spontancolls
Symmetry I3reaking" (SSI3).

ssn OCCUfS whe)} t1lc 10wcst cncrgy 8tatc, tite vaClIUIll, of a thcory posscsscs a nOBzero
distrihulion of the eharge associated with a symmetry generalor. A gauge boson propagat-
ing lhrough this vaeuum slale will eonstantly interaet wilh this eharge and will devclop
an cITcclivc mass proportional lo lIJe "vacuuITI cxpcctation valtle" (v.c.v) of thc chargc.
The lliggs meehanism is a simple model for implementing SSI3. One introduces a set

of spin-O fields into lhe theory whieh trallsform in a nontrivial way under lhe gauge
symmelry. lf the v.e.v of olle of lhese fields is uOllzero, then all of the symmelry generators
for whieh lhis field has a nOllzero eharge will be sponlaneously hroken and the associated
gauge hosons will he massive.
I3y ehoosing a Iliggs represell(a(ion and aligniug lhe v.e.v properly, we can break SPOL-

taneously (he symmelry down, aeeording lo lhe physieal requiremenls al eaeh s(ep of
symmelry hreaking.
Al lhe energy seale of 102 GeV, lhe symmelry of lhe universe SU(3)e 0 SU(2)L 0

U(I)¡, [IJ, whieh mighl be a suhgroup of a possihle larger symmelry. In (he presenl leHer,
we prove lhat when breaking sponlaneously a gallge grollp, lhe unbroken symmetry is a
subgroup of lhe original gauge group G.

2. PROOF

\Ve define lhe unbroken symmelry as lhe set of lhe elemenls of lhe group G whieh leave
invariant thc V.C.v,

9(</»0 = (</»0,

For eompae! Lie groups, lhe elements can be represented by [5J

9 = exp(iO;'Ij),

(1)

(2)

where Oj are real and the 1j are lhe hermilian matrix generalors of lhe group. Using (2),
the Eq. (1) is equivalent to the expression

(:3 )
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and we say that the generator 7j annihilates the \'acnnm 01' ec¡nivalently that it is an
nnbroken generator.
\Ve assnme that when the spontaneons symmetry breaking of G is achie\'ed, the un-

broken symmetry is a set of elements Il, and we proof that 11 is a snbgronp of G.
1f gj, j = 1, ... ,11, are elements of Il, then

gj{<P}O = (</!}o,

g¡lgj(<I>}o = g¡I(<I>}o = (<I>}o.

,[,herefore, if!Jj is element of Il, then gt is also an element of TI.
Now, if we proof the set 11 is elosed, then TI is subgroup of G [uJ. r,et gi ami gj be two

elements of 11, then

(u)

therefore, (gi!}j) is also an element of TI.

3. I;;XA~II'LES

r,et us considcr thc gronp G = SU(3) and the Iliggs represcntation of dimeusions u and :3
with the \'.C.\'.

(G) = O O ~), (3) = ( ~
O ~).O O (7)

O -1 O

i) For the represcntalioIl G, thc only 1I11brokcII genera lar is associa!e<i lo the matrix
gCllcrator

O
O
O

~).
-1

(8)

which is associated with an abelian subgroup U(l) of SU(:l).

ii) \Vhile for the rcprcscntation 3 the unbrokeu matrix generators arc

O
O
O

~ ) ,
-1

O
O
O

()

()

()
(9)

which are the generators of a SU(2) subgroup of SU(:l).
'['he abo\'e examples correspond to cases not related with the physical world beca use the

\'.e.\' were chosen arbitrarily. In a physical modcl the unbroken symmetries are constrained
by the experilllents. For exalllplc, thc photon is massless aud then the \'.e. \' ha\'e to be
cilosC'1I in slleh a way as lo satisfy t!lis physical con<1itioll.
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iii) Let us illustrate a more realistie example:

SU(5) - SU(3)e 0 SU(2)L 0 U(I}¡,. (lO)

To get this breakiog, the introduetiou of a 24 dimensional lIiggs representation is needed,
with the v.e.v. in the direetion

(j
O
1
O
O
O

O
O
1
O
O

O
O
O
-1
O

!).
-1

(11)

\Ve eonelude that when a particular direction of the v.e.v. is ehosen, the unbroken sym-
rnclry is a subgroup, bul in rcalistic modcls tlle aiigning of vactlum has lo lcavc invariant
eertain 'luantum numbers aceordiug to the seale of energy.
[n example iii), the v.e.v. is iuvariant under the symmetry SU(3)e 0 SU(2)L 0 U(I}¡"

which is the invarian! symme!ry up to 102 CeV.
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