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Abstract '4",1 7‘-’ N R
We—éiseuss’zgé problem of gauge'hierarchy in'a - -

o(N) modef#??g shows the existence of an uppér bound for the -
\‘4 x.u“‘ L e T

"

- 1

hierarchy of order A , as proposed by Gildener..This "¢
same constraint appears when the breakinéliéjmade byi the3i}

raediative corrections in a scheme elaborateéd by Weinberg. B

1y fournd (tetmwing) ¢ R S
We- SZhaed that fine i or redefinition of .Coupling con-

stants to improve hierarchy, as prcposed in several:paperg,
cannot be done before the calculation of highef order con-

tributions to the effective potential.



One of the features of Grand Unified Theories | -
(GUTs) (sece ref.l for a review) is to predict-néw'physics,

4Gev. Those interactions result.’

at the mass scale of 10l
from the unification in a simple group of fhéiﬁtrbng"in-. o
teraction, described by QCD, with the weakfand elécfrgﬁég;'
netic interactions, wich are described by fhe’WéihBéré;}‘~«
Salam model (WSM) and characterized by & mass. scale of :
2,0(102Gev). Such large scale is obtained @hén‘sbmé.HiQQQ :
scalars acquire a vacuum expectation value:(VEV) corfesbongl
ing to the above energies, that is, we needlto construct
a4 Higygs potential where the ‘scalar bosons résﬁénsiblé'for
the breakdown of the grand unified group acquire a VEV of
~ 10"%ev and those that break the WSM a VEV of = 10°
GeV; this is the so called hierarchy problem..After the pi
oneer work of Gildenerz, pointing out theAexiStence of a

bound of cxfuzon the ratio of the masses of the heavy to .

3,4 have examined the

light gauge bosons, several authors
question and proposed new ways to imprové,hierarchy, but

the actual status of the problem is rather contradictory.



We re-e#amine the problem in the case of cym-
metry breaking'ét freeflevel and when the breaking is through
radiative corfééti&ﬁs.bwe Find that hierarchies are possi-
ble, but only ;aju§£ing the coupling constants after the
calculation of sevgral higher order contributions to the
effective potentia;, this happens in all schemesz“6 with-
out the ﬁecessity_df imposing extra criteria7 to determine

the existence of hierarchy.

'SYMMETRY BREAXING AT THE TREE LEVEL

-

. The model.we choose, to discuss the question of
gauge hierarchies, has O(N) as the symmetry group. This
model has been previously studied by many authors>’?  and

is defined by the Lagrangian

) - - " i, - ' R -5 . -2
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whore A and ”( are two N-vector scalar fislic

)
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leciion symmetry (&E(i) ﬂ-ﬁ(»;/{f}j 13 IMPCSSI Ll
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)

thece fields (hereafter, for simplicity, we wiili dviz 7o

- . —»
vertor cymbol over X and ”L )-

¢
s
(8

We will always assume conditiof;j-: u'* TreT Th
VEY {:,\,) will bé much larger than {"‘z} - L"-a:r vl
couce the symmetry breaking of the “grand uniiisd groiuc®
Cli) down to O(N-1), while (ND will break O{N-1) azal 2

P A -12 - . - ~ . o
C(%-2) et a scale of 0(10 ") compared with {} ;. 7i.s

’_l

che zlectroweak symmetry breaking in a realistic ool il
fies modal.
The stationary points of the =Caiay pCivnmial

that lead to a gauge hierarchy are

. o, - '\ml§ » 1y oo
PV AT PR PES ¢ 1 I W TR

AN - (] = = -f
’ - fs K 2 5

i they will be a global minimum when % YO {this 15 ine

onrdivion of perpendicularity of the fields in (ue wotelizn-

. £ ..
ary points” ), so that hereupon we assume 4, >0 - e 1mpOs
»



also the conditions szz 55 and M'\lk_ﬁmz ro insure that

. - . 2
’ > hand - Ve ; 2tz so that
QO >r L 4 9:"") <£ < § —
the Higgs bosons mass.esk are real.

There are mahy ;:,uggestions on wvays to imple-
ment an hierarchy at fﬁe tree level in thiz pr-oblem3'4
like Mf‘/ME ‘-1"('}.2”("[1)1 \Om (hereafter a big ratio of
mass between the heavy (M,) and light (M_) gauge bosons

will display what we mean by a great hierzrchy), all one

has to do is adjust the parameters in

2 4 n ~
M, ~ B _ wif -wi b

ML e Sy

(3)

if we take fa--o then Mz/"’ﬁ & Gz“""‘f)/(}s-‘mz;_} '
and by making 51 and Nﬂi sufficiently smaller than }‘2.
and nm;"' s, One has the desired hierarchy. However, as Gilde-
‘ner has repeatedly pointed out2’8, even if 5:3:0 at the
tree level, it still has a value of O(o(.?') coming from

one loop corrections, and we have M?‘ /Mi e~ fz / O(O(.z) -

So, if gz' is () (&) we have

.‘:4_“_ < & - (4)
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In order to overcome this bouﬁd'bﬁlihéiﬁié;%£~:
chy one adjusts the parameters up to fhe‘éné lddp iéQeI;,
but then there will be a bound at the two-lodp 1e§e1 QQL'
that this class of contributions must_be~takenfintoj@ccbuﬁt,.
and this go on up to (J (ULLH)’:. IO-ZH where-.- L (:’:\0) 15 it”hév‘
number of loops of the graphs that must‘be‘tékenAigtoixaéei"
count, in order to achieve the desired hierafchy;vfhis'can
be shown explicitly at the one loop level throﬁgh‘aAcaicﬁ; "
1a£ioh“5f the effective potential. “ |
We calculate the effective pdtéﬁfiéi“usiﬁg:"f‘f
standgfd techniques, as formulated by Jackiwg,-Wé gtﬁdy:the'
::dse iv}xei'e;- the symmetry is broken down to O(’N—é) so th;:‘t
in deriving the effective propagator wéléet-aileiéfdé.tSi
- Zero except two orthogonal components of )(. and"'l_ ’ iéﬁA

us say (q}):\f5£H1 and (xi)=e,giﬂ !:éh& write tﬂé”,
effective potential for 'YL and }(, (.E'Zand‘ 'U'za‘t ‘t'hé_t;r'ee
level are yiven by (2)). The effective ppféntiéi,'caicula- .

ted in the Landau gauge, in the one loop approximation is
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Ly = .
ML (f-.”() - (' ’mi ¥ 5}2 "lz*' 53 7‘-2 )wszx. + ("‘N’A:‘?’ 35 " = ,Iri ] 2 ) MMZOL
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where the angles O and @ , O

trix diagonalization are

40

Tom 24 =

z Z A N Y T A -
(Nn,ﬁﬁ“, )+ € (i::“;t;'~u LT d
A ) R # i
: Y ey
A

and

r

1 A ;“ ~ - !
To,m lﬁ = — : 7’:/_1 N 1'1
(it )e (Jpra 302000 0054

the last two terms of eq.(5) cor:es-con. .5 the contribution

of 2(N-2) unphysical scalar bos: ©. Fnew: 15 aiso another

Goldstone boson and three physiczl Higss zcalars; tnat are :
combinations of masses Fﬂi to i@m . = 1z The mass scale
introduced by the renormalizaticrn condisicns. ‘




The minimum of the effective potential is ob
tained from the solution of the equations 5\{1/3 ;\', = C
znd 5\’J6{V(:.0 . If we neglect the scalar contributions

Ls (5)10, one can write the following relation at the mini

T

. 2 o5y
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where q-.-. é_ﬁ__ s and

3zt .

A

Cjcx’.-'vp: A (1 + 2 %}%’2)

In writing eq.(8) we have chosen the renormali
zation condition, using the classical VEV of h’( and /'K as

ormalization point, instead of N%z as in (5). We can

ren

L4




"simplify eq.(8) disregarding the logarithmic terms, so that

h
My, e e R TC - B @
ML "sz‘L* 312 (d'l)] " (}“ 4

327‘)

We can see from this equation that even if we

set ; =0 there still is a contribution Ai = 5%%
3 L - - Ta 3z ,T‘:l

proportional to IM?' in the denominator. When analysing-

the hierarchy at the tree level we required (mi Y4 .fmf y

A ‘ N A
but if ‘M,z is too much larger than m, , M becomes

imaginary. Mohapatra and Senjanovié4 impose the-condition

("l'l)m J.’ O and L_(( {-2 o s0 ‘that

f d/,qt:,}z/h and obtain the desired hierarchy. Exaf:tlyherel

lies the misunderstanding8 commoy: I several o;—‘ the discug
sions on hierarchy. There is a natural scale préceeding
from two loop terms of the order %6 ' liﬁiting the adjus
tment of the denominator in eq.(8) on the range given by

l‘_;, 0(_5] . Finally, if }\z is J(X) (as we have assumed in or

der to obtain (4)), we arrive at the ratio
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So, one can adjust

constants, so that ihe denomine: oo o

2

small, but then terms in gb M

[

most one can obtain is an improv -

-

i ‘ order in the loop eﬁpansion of oo
To obtain an hierarchy like
one must include the contribulioc:-
ten or more locps, and only Thi .o

adjustment. We can aiso obsexrve | ¢

hierarchy, there is no much mea:. -

straints to be imposed upon couzli . oo Lo

tc prevent the hierarchy conditi:~
mass condition for light bosous,
the hierarchy is obtained the rnc.z -7 .o

limit on the mass of the lignt oo_-
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SYMMETRY BREAKING THIOUGH RADIATIVE CORRECTIONS

Recently Weinberg"" showed that when there is a
symmetry breaking induced by radiative corrections9 to the
potential, and some of the scalars remain massless (or with
a small mass), then it is possible to attain as large an hiecr
archy as required by GUTs.

In a effective theory with the po'cential5

\/(4)) = \’(o) + -'-‘I‘ }o.bccl (K) (b“ ¢b d)c (bd ('1‘.).

v

4

at the tree level, the minimum of the potential such that
(t) # 0 is given by
- e a b C C‘ ’ .- ) A
mim \_,s.a[,cd(."‘-o) e S EE N ()
em®=y
where ¢c"= ¢mq . The condition (12) is exactly the condition
for .].(r{g);o. A, is found by applying the renormalization
group equations to f(M) , defined at some grand unified
mass scale, with suitable initial conditions (like

}M)zg’m)) and then evolving it up to the value' K _that will

make ‘(r\o) vanish, The solution will have the form
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The scalars that remain massiess, when the sym
metry is broken at the scale h4 . Will acquire & mazs of
order i{o , as the remaining symmetry is broken still fur-
ther. In this case the hierarchy will be given by B2g.(13).
In the SU(5) model this calculation was accomplished]1 and
the result indicated the necessity of coupling constant
adjustments for the scheme to work out. We show in cur sir
Ple model, that in addition to simply adjusting the <ou-
plings,we are still left with the same constraint stated
above. To do this we write down the effective potential at

one loop level (neglecting the scalar centributions)
?. 2 ra

- | < A/
Vu\] L) = .}1'), 4.-% :v( +.Z Lm 1.7.3[”("””?)

Zu
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We assume that M (KA (at least of O(-?v) )
. . : 272 .
and expand the logarithmic terms in powers of "Q/;-;. (and

take N = 3), to derive the stationary conditions

2 i o 42 _ﬂ?;_ 2 | 2 ﬁ 30(117“
NL (jzf SO('/QM N\Z 25 % 1’3&}"’\ N\?' T }f"—,)

2 . , Ha,
+ (}3 : sxzﬁw\ﬁz s e,#% - 6x) =0
X-z(}l* 60(_Z,QM_$._22062+30(,2%:)

¢ ﬂﬁ(}s+3&2}%$+ Mz%ﬁ- 6o? ) =0

We can obtain an approximate solution, in the limit when
!
" " X 2 T2 224/l
we have hierarc by takin =0 - Then = , !
y, by g M=o X=M e;cp( ¢
and it will imply that the masses associated to

the fields IX, and ML are

4
i = 124ty ocp (__.__.22 6*‘ ) (iea)

. . Z.Z.—{'/o(.z \ e 1)
s (st B Mo ) eV
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The: m field has a mass of the same order as the };tﬁrq'n
unless (fa +5 %L - _££ ) is very small. Bul here agein

2

%
the smallnecs of s~ is bounded by the next ordur in

loop expancion (vven when the renormalization group telis

us that one of the couplings goes to zero), so we havo

A ¢ u:”l

¢ >
b I
—

‘.LooP

That is to say, nvf can receive contributions of ()(uﬁ)

1

and they must be taken into account, and the same with con-

tributions of ()(Kﬁ)and 50 ‘on. Therefore we are faced vwith

the same problem stated in the item before this.

Sachrajdas-has recently proposed a scheme to
impose gauge hierarchy based on an improved renormalization
group. Suposing the existence of hierarchy he starts in
search of solutions of the renormalization group eaquations
compatible with that hierarchy. He shows, that with consistent
redefinitions of coupling constants, hierarchy is possible.

In our model, we can read off similar initial conditicns ac

those obtained in ref.6. From eq. (15a) and ed.(15.t), with
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. nt‘/;{,?'« | we have

. 2 :
:}3+ 3 I —%‘—5 - b’ woO (R o)
L s0 (18b)

2
Jx +60¢Z)M %:3- - 2%

Following SaChrajda6, redefining the coupling
constants allow us to find solutions to these eguations, but
in the same way, as we discussed before, the solutions will
not warrant hierarchy up to next order.

Concluding these comments we cstress that the
unnaturalness of gauge hierarchy, is not only a problem of
a simple adjustment of the coupling <onstents at the tree
level, but it is rather a problem of . lculating contribu-
tions of a very large number of loops to the effective potential
in order to perform a fine tuning of the coupling constants.
This only reflects the fact that the communication between
different scalars, occurs by the interchange of gauge
bosons (also scalars) at all orders. No perturbétive method

-]
could account for this problem. In this way we believe
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that a dvnemical mechanism for breaking the cao)

metoy is a betier mechanism of avoiding the
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