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We discuss aspects of grand unified theories (GUTs) combined with N = 1 local supersymmetry, interpreting the general 
form of simple supergravity theory as a phenomenological effective lagrangian applicable at energies less than the Planck 
mass. We consider light fermion masses, baryon decay and a possible resolution of the QCD vacuum angle 0 problem in this 
general framework. We propose two mechanisms for weak symmetry breaking based on radiative corrections originating 
from supergravity effects, notably by a direct gaugino mass in theories with non-minimal coupling to N = 1 supergravity. 
We give a specific example of a GUT employing this mechanism. 

Grand Unified Theories (GUTs) of  the strong, weak 
and electromagnetic interactions [1 ] are incomplete 
and unsatisfactory because they do not include gravity. 
This is all the more regrettable because a naive loga- 
rithmic extrapolation of  the known strong and weak 
coupling constants leads one to expect that grand uni- 
fication occurs at a mass-scale m x within a few orders 
of  magnitude of  the Planck mass mp at which quan- 
tum gravity effects become O(1). Nevertheless, one 
might hope that one could neglect gravitational effects 
in GUTs as a first approximation, and perhaps include 
them as small perturbations of  order (mx/ma)n to the 
results of  conventional GUTs. Baryon decay [2] and 
the light fermion masses [3,4] have been singled out 
as cases where gravitational effects might be impor- 
tant. The combination of  GUTs and gravity has recent- 
ly become very topical for two reasons. One is the 
current interest in cosmological applications of GUTs 
in the very early Universe, particularly during a pos- 
sible de Sitter phase where quantum gravitational 
temperature and curvature effects may be crucial [5]. 
The other reason is the current interest [6] in global 
supersymmetry as a possible framework for under- 
standing the hierarchy of  different mass scales (m w 
• ~ m X < mp) in GUTs. By now we are used to believ- 
ing that Nature abhors global symmetries and prefers 
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them to be local, and making supersymmetry local 
gets us into supergravity. It may well be that the ulti- 
mate and fundamental truly unified theory is an ex- 
tended supergravity theory, but only simple supersym- 
metry can easily accommodate the chiral fermion rep- 
resentations needed in GUTs. Therefore we restrict 
our attention to a simple N = 1 supergravity theory 
[7] as a phenomenlogical lagrangian suitable for de- 
scribing physics at energy scales E < mp. In contrast 
to conventional gravity which does not require any 
other interactions scaled by inverse powers of  the 
Planck mass, N = 1 supergravity generates [8] many 
new interactions of  order (¢/mp) n (where ¢ is a gener- 
ic particle field) relative to conventional renormalizable 
interactions. It has already been observed [9] that 
these interactions generate masses of  the order of  the 
gravitino mass for all spin-zero fields, and make it dif- 
ficult to maintain scenarios with supersymmetry break- 
ing at a scale ~>O(1010) GeV [10,11]. 

In this paper we give a general discussion of  super- 
gravity effects on GUTs. We consider their possible 
impact on light fermion masses (the ratio md/m e [3]), 
neutrino masses [4], baryon decay and a possible reso- 
lution of  the QCD vacuum angle 0 problem. We also 
show how the spontaneous symmetry breaking of  the 
weak interactions may be due to radiative corrections 
triggered by direct supergravity contributions either to 
the gaugino masses, or else to spin-zero boson masses. 
These mechanisms work for top quark masses greater 
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than 1.4 and 2.5 m w respectively. We give an explicit 
example of  a supersymmetric GUT employing these 
mechanisms. 

We start with a reminder of  the structure o f N  = 1 
supergravity actions [8] containing gauge and matter 
fields (if not explicitly stated, we use natural units 
Q(2 =- 8rrG N = 8trim 2 = 1) 

= f d 4 x  d40E{cP(¢, ~e 2V) + Re[R-lg(q~)] 

+ Re[R-l fc ,  a(dP)WaeabWOb]}, (1) 

where E is the superspace determinant, cb is an arbi- 
trary real function of the chiral superfields ~ and their 
complex conjugates ~, V is the gauge vector supermul- 
tiplet, R is the chiral scalar curvature superfield, g is 
the chiral superpotential, f ,~  is another chiral function 
of the chiral superfields ~, and W a is a gauge-covariant 
chiral superfield containing the gauge field strength. In 
addition to all the obvious general coordinate transfor- 
mations, local supersymmetry and gauge invariance, 
the action (1) is also invariant [8] under the transfor- 
mations 

J = 3 ln(-~-¢)  --,S + f(q,) + f * ( ~ ) ,  

g(¢) -+ ef(C~)g(~). (2) 

These transformations can be related to a description 
of the chiral superfields 4) as coordinates on a K~ihler 
manifold with K~ihler potential q~, and the transforma- 
tions (2) are known as K/ihler gauge transformations 
[12]. One particular manifestation of this K/ihler 
gauge symmetry is in the effective scalar potential 

V = - exp( - -G) (3  + G~G~: i -1 G'/) + (gauge terms) ,  

where (3) 

G -- J .- ln(~ Ig12), (4) 

which is clearly invariant under the transformations 
(2). In general, the action depends on a real function 

dP =-- ~/Ig(qa)l 2/3 (5) 

and on the chiral function f,~t3(¢). The most familiar 
forms of these functions are J = - ~  giving canoni- 
cal kinetic energy terms for the chiral superfields, 
g(~) a cubic polynomial giving renormalizable matter 
interactions of  dimension ~<4, and f~,t~ = 5¢,~. We ex- 
pect that more complicated functions will contain 

terms O(¢p/mp) n relative to these canonical leading 
terms. 

We will interpret equation (1) as an effective action 
suitable for describing particle interactions at energies 
,~mp, just as chiral SU(N) × SU(N) lagrangians were 
suitable for describing hadronic interactions at ener- 
gies "~1 GeV. In much the same way as we know that 
physics gets complicated at E = 1 GeV with many new 
hadronic degrees of  freedom having masses of  this 
order, we also expect many new "elementary particles" 
to exist with masses O(mp). It may well be that all the 
known light "elementary particles" as well as these 
heavy ones are actually composite, and that at energies 
>>rap a simple preonic picture will emerge, analogously 
to the economical description of high-energy hadronic 
interactions in terms of quarks and gluons. It may even 
be that these preonic constituents are themselves ingre- 
dients in an extended supergravity theory [ 13]. But 
let us ignore these speculations for the moment  and 
return to our pedestrian phenomenological interpreta- 
tion of the action (1). 

The well-known rules of  phenomenological 
lagrangians [14] are that one should write down all 
possible interactions consistent with the conjectured 
symmetries [e.g. chiral SU(2) × SU(2)] and only place 
absolute belief in predictions which are independent 
of  the general form of the lagrangian (e.g. 7rrt scattering 
lengths). These are the reliable results which could also 
be obtained using current algebra arguments. It does 
not make sense to calculate strong interaction radia- 
tive corrections (read: supergravity loop corrections) 
to these unimpeachable predictions: these are ambigu- 
ous until we know what happens at the 1 GeV scale 
(read: mp)  and our ignorance can be subsumed in the 
general form of the phenomenological lagrangian in 
which any and all possible terms are present a priori 
(read: non-trivial J,  non-polynomial g and fa#). On 
the other hand, non-strong interaction radiative correc- 
tions can often be computed meaningfully (e.g. the 
rr + - n  o mass difference, large numbers of  pseudo- 
Goldstone boson masses in extended technicolour 
theories). Similarly, it makes sense to compute matter 
interaction (gauge, Yukawa, Higgs) corrections to the 
tree-level predictions of  the effective action (1). 

As an example of  this philosophy for using (1), let 
us consider the cosmological constant C. The canoni- 
cal procedure [8] is to look for a local minimum of 
the effective potential (3) at which V = 0 and hence 
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also C = 0. If  this is done, one can derive a formula for 
1 - the supertrace of the (mass) 2 matrix. If J = - 5  ~ and 

fag = 6ag, this is [8] 

Str c~2 = 2(N - 1)m 2 , (6) 

where N is the total number of chiral superfields. The 
sum rule (6) apparently contains the seeds of its own 
destruction, since the radiative corrections to the cos- 
mological constant are [15] 

6C = ~ ( - l )2s+l(8n '2)- l (2s  + 1)A 4 
$ 

- (16*r2) - 1 (Str cF~2) A2 + (641r2) - 1 (Str c~4)ln A 2, 

(7) 
where A is a momentum cut-off which is probably 
O(mp). The first term in eq. (7) vanishes in any super- 
symmetric theory and so does not concern us. The 
second term is guaranteed by eq. (6) not to vanish 
except in the physically uninteresting case N = 1. But 
if C ~ 0, then the sum rule (6) is no longer valid: 
apparently [ 16] 

Str c/l/2 = am 2 [~(N - 1) + ~(N - 1)(C[m2G ) 

- 2(C/m2)2],  (8) 

although this statement begs the question of the ob- 
scure interpretation of mass terms in de Sitter space, 
which is where we start from if C ~ 0. A possible way 
out of the conundrum might be to solve the conditions 
(7), (8) self-consistently by requiring C + 5C = 0 [16]. 
But then what about higher order contributions to 
6C? And if one could sum all these, what about radia- 
tive corrections to other parameters in the effective 
action (1) which should presumably also be included 
in the self-consistent calculation of StrC//~ 2 and C? We 
believe that the correct procedure is to keep C = 0 and 
use the most general forms [17] of J and fag, and only 
believe results obtained with non-gravitational loop 
corrections. 

Our basic reason for this belief is the phenomeno- 
logical lagrangian philosophy outlined above. This is 
buttressed by two other arguments. One is the auto- 
matic appearance of non-trivial J and fag functions in 
extended supergravity theories [8]. The other is the 
appearance ofgaugino masses at the one-loop level as 
soon as local supersymmetry is broken [ 18]. We 
would not have had a non-zero gaugino mass at the 
tree level if fag = ,Satj, but one is generated by loop 

diagrams [18] and this can only be mimicked in the 
phenomenologicai lagrangian by choosing non-trivial 
fag, which one should introduce ab initio into the 
effective action as a possible renormalization counter- 
term. Since the supergravity action is non-renormaliz- 
able, and since both the q~ and.fag terms in the action 
(1) have a f d40 form, we expect general variants of 
them to be generated by loop corrections. Presumably 
radiative corrections maintain the essential geometry 
of the K/ihler manifold [ 12]. Therefore we expect 
loop corrections to fall into the class of K~ihler gauge 
transformations (2). The only analogous transforma- 
tion allowed in a conventional renormalizable theory 
is f =  constant, corresponding to a wave function re- 
normalization. In our case more general gauge func- 
tions f (¢)  might appear. 

What might be some of the phenomenological mani- 
festations of these non-minimal couplings of matter to 
simple supergravity? 

Non-minimal superpotential. There could be a 
quartic term in g(¢) such as 

g4 ~ ( X / m p ) F H Z T ,  (9) 

where F is a 5 of matter (quark + lepton) chirai super- 
fields in SU(5), T is a 10 of matter superfields, Z is an 
adjoint 24 of Higgs superfields, H is a 5 of Higgs super- 
fields, and ), is some generalized Yukawa coupling. 
When SU(5) is broken down to SU(3) X SU(2) X U(1) 
at a scale of 1016 GeV, and SU(2) × U(1) is broken 
down to  O(1)e m at O(102) GeV, the Higgs superfields 
in the expression (9) acquire vacuum expectation val- 
ues which give contributions to the charge-~ quark 
and charge -1 lepton masses which could easily be 
O(1) MeV and remedy the old disaster m d = m e of 
minimal SU(5) * 1. Likewise a quartic term such as 

g4 ~ Q , /mp)FHFH,  (10) 

could give rise to neutrino masses O(lO -5 eV which 
could show up in solar neutrino experiments. Both of 
the interactions (9), (10) are counterparts of analogous 
terms in conventional GUTs [3,4]. 

Turning now to baryon decay, an interaction of 
the form 

, t  This possibility is particularly important in view of the dif- 
ficulties with ideas for rectifying md/m e by using radiative 
corrections recently pointed out by Ib~fiez [ 19]. 
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g4 9 (~,/mp)FTTT, (1 I) 

could replace the Higgs exchange in the Weinberg- 
Sakai-Yanagida loop diagram [20] for baryon decay. 
The magnitude of the diagram with (11) relative to 
the conventional Higgs diagram is 

(X/mp)/(X2/mH) ~ (m H/hmp), (12) 

where ?, is a generic Yukawa coupling. The ratio (12) 
could easily be > 1, making a non-renormalizable 
superpotential interaction the dominant contribution 
to baryon decay. There is no particular reason that it 
should respect the selection rules worked out for 
Higgs exchange. A possible signature would be if bary- 
on decay modes turn out different from all the sugges- 
tions [21-23] made so far. This mechanism could 
give observable baryon decay even if the grand unifi- 
cation mass m X ~ mp. 

Non-minimalfo, ~. It has already been observed [8] 
that the gauge kinetic term in (1), as well as giving rise 
to the canonical 

1 c, 3 e -7*FuvF~v(R re, o), (13) 

could also yield the CP-violating 0 vacuum term 

pupa a 3 e F  P o(Imf a). (14) 

We know that 0QC D is <O(10 -9) experimentally, 
and that 0 is not renormalized in a supersymmetric 
theory [24]. It is finitely renormalized when super- 
symmetry is broken, but [24] this is plausibly only by 
an amount 80 = O(10 -16) in the popular Kobayashi- 
Maskawa model [25]. Thus we see that 0 should be 
less than O(10 -9) in a supersymmetric GUT and may 
be very small. An attractive hypothesis is that fc, g is a 
function with only real coefficients as found in ex- 
tended supergravities [17]. In this case Imfaa = 0 
when (0 I q) 10) = 0, and the theory is CP-invariant in 
the gauge sector. If some of the ~ then acquire com- 
plex vacuum expectation values they will induce a 
non-zero value of Im fag and hence violate C.P spon- 
taneously in the gauge sector, which is a new twist on 
an old proposal [26]. If the moduli of some of these 
complex (01q) lO) were O(mp), then the effective 0 
parameter would be O(1) which is phenomenological- 
ly unacceptable. However, it is easy to imagine scenar- 
ios where 0 is much smaller. For example if fag = Sag 
+ O(q~2/m 2) and the culprit (OleO I 0) = O(mx) then 

0 = O((m2x/rn 2) x some small (?) angle) ~< O(10 -7)  

(15) 

and the phenomenological constraint on 0QC D could 
easily be respected. If the only complex (01¢10) were 
O(mw), or if all the (01q~10) were real as in all super- 
symmetric GUTs proposed to date, then the bare 0 = 0, 
and the low-energy 0QC D would just be given by 60 = 
O(10 -16) [24,25]. Hence supergravity offers the 
other half of an answer to the 0 vacuum problem. This 
is fortunate since the rival axion solution now seems 
to have serious cosmological problems [27]. 

Even if J and fc,~ are canonical, the effective poten- 
tial (3) contains many additional terms besides the 
usual ones derivable from a canonical superpotential 

V = e x p ( + ~ - ~ l q ~ l  2) 
0 

× (2 ~lag/a~+½¢~*g((~)l 2 -  31g(q~)12) . (16) 
0 

In a previous paper [9], two of us (J.E. and D.V.N.) 
have pointed out the striking implications of eq. (16) 
for spin-zero boson masses M 0. For states which have 
associated vacuum expectation values (0 I q~10> '~ mp 
and do not mix with the spin-zero partners of the 
goldstino (e.g. squarks, sleptons) the average of the 
spin-zero masses in each chiral supermultiplet obeys 

M2>~exp(+½~l(~12) lgl2=rn 2 .  (17) 

This immediately implies that 

O(102 GeV')~ exp (+~ ~ 1¢12) Igl=mG , (18) 
0 

which is a stringent upper limit on the scale of local 
supersymmetry breaking [8]. 

It has been suggested [28] that this theorem could 
be evaded by having a global symmetry broken at the 
same time as local supersymmetry, in which case one 
should have many massless Goldstone bosons. How- 
ever, these cannot include both the spin-zero particles 
in all the "light" chiral supermultiplets. The great 
majority of these would presumably actually be 
pseudo-Goldstones corresponding to symmetries 
which are not respected by the non-gravitational 
interactions, and which have masses calculable using 
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standard techniques. However, even in this case loop 
diagrams generate (mass) 2 for gauge non-singlet spin- 
zero fields in O(ot), and the previous upper bound on 
the gravitino mass and the scale of local supersymme- 
try breaking cannot be greatly relaxed [28]. Another 
possible way of evading the theorem might be to 
abandon the constraint that the cosmological constant 
vanish [ 16]. Indeed, the dangerous contributions to 
the spin-zero boson masses vanish if 

IG'il 2 = 1, or ~ lag/i~+~q~*g(~)l 2= Ig(O)l 2, 

i , (19) 

instead of the canonical conditions with 3]2 on the 
right-hand side of eq. (19). However, as we said above, 
in the absence of a complete self-consistent calculation 
of all the loop corrections to particle masses as well as 
to the cosmological constant, we believe the correct 
phenomenological procedure is to work with the most 
general effective action (1), set C = 0 at the tree level, 
and try to live with the consequences. 

It has also been observed recently [18] that loop 
corrections give quadratically divergent gaugino and 
scalar masses 

6m-if,2 5m 02 = O ( m g ) ( A 2 / m 2 ) ( 8 n 2 ) - I  , (20) 

which are probably O(m 2)  when one takes a plausible 
cut-off A = O(mp). We presume that these effects can 
be absorbed into non-canonical forms of the functions 
g, J and f,,O" Indeed the gaugino mass term 

! e,k o - G / 2 G , G , , - 1  l ~ a X a  (21) 
4 s a ¢  ~ I k" L L '  

is clearly also O(mG) if faO is non-trivial and contains 
terms O(~]mp)  n where (01010) = O(mp). We there- 
fore think that the most natural possibility is that 
gaugino masses are O(mG) as well as spin-zero boson 
masses. 

This observation suggests two novel scenarios for 
weak interaction symmetry breaking that we would 
like to discuss briefly. It has been shown previously 
[29,11,30] that radiative corrections can generate an 
interesting pattern of symmetry breaking starting off 
from an input gaugino mass M: including radiative 
corrections at low energies 

m-ff = ot 3 M / otG , m g I = ot 2 M / OtG , 

SOt m ~  = ~ 1M[otG (22) 

where we will here take M to be O(mG) generated by 

supergravity effects. Gaugino loop diagrams [11] gen- 
erate 

8m 2 = (4ot3/37r)L3 m2 + . . . .  

8m2H , f in  2 = (3ot2147r)L2m2 + . . . .  (23) 

where L n = 6rr/(l In - 12)a n and tXn=3, 2 are evaluated 
at momenta O(mw). If  there are also bare scalar boson 
masses/a whose renormalization from m X down to low 
energies are easily calculated: 

rn-~ = (ot3/tZGUT )8/9 y + . . . .  

mH, rn T = (ot2/otGUT)-3/2/l + .... (24) 

then one has the following general form for the total 
squark and slepton masses: 

M~ q = a~(4L3 /31ra2uT)M2  a,. ,.~16/9t,~16/9~-1 ,,2 + 
- ~ 3  ~GUT / ~ " "  

(25a) 
-3 3 2 M2=ot32(3L2/41rotguv)M2+ot 2 (o~GUT)/d + .... 

(25b) 

For the Higgs fields there are in addition interesting 
contributions coming from the quark Yukawa cou- 
plings hq: 

5m 2 = --(36/12257r)(h~/ot2GUT)a3 M2 

+ (-27/3227r)(h2/ot3)(a 3/otGUT)16/9/a 2 + .... (26) 

where 

h to  1 = m t , hbO 2 = m b , (27a) 

for the top and bottom quarks, and similarly for the 
lighter quarks, with Ol, 2 the vacuum expectation val- 
ues of the doublets of Weinberg-Salam Higgs fields: 

m 2 1 2, 2 02) (27b) 
= ~g2(ol + . 

Clearly 

M 2 =M 2 *Sm 2 , (28) 

is less than zero for sufficiently large h t (heavy t quark) 
and spontaneous gauge symmetry breaking takes place 
[29,11,30]. If  we neglect the/a terms in the expres- 
sions (29) then spontaneous symmetry breaking occurs 
for 

m 2 + m 2 > (lt3~sot2/ot3)m2 w (29) 
t 

which means numerically 

m t >  1.4m w .  (30) 
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Thus it is possible to imagine that weak gauge sym- 
metry breaking is triggered by a gaugino mass gener- 
ated by supergravity effects. In this case one expects 

rn~, rn~-v, m G = O(mw)- 
Another scenario is suggested by eqs. (25), namely 

that weak symmetry breaking occurs even if the 
direct gaugino mass M is negligible. Retaining only 
the/a terms in eqs. (25) and using eq. (26) as before, 
we find that M 2 (28) is negative if 

rn 2 + m 2 > ( ~  ,.,43/9/r3/9r~4"~m2 (31) 
~GUT/-3 -2"" 'W ' 

corresponding to 

m t > 2 .5m w . (32) 

This is more difficult to realize than was the gaugino 
scenario, but by no means impossible. In this case one 
expects to have m G = O(mw)  but even lighter gaugi- 
n o s .  

It may be worth commenting that in both these 
scenarios the dominant contributions to the squark 
and slepton masses are universal and generation-inde- 
pendent, so that difficulties [31 [ with flavour-chang- 
ingneutral  interactions do not arise from violations of 
super-GIM cancellations. It should also be noted that 
in both of these scenarios for weak symmetry break- 
ing there will be radiative corrections to the vacuum 
energy, and hence to the cosmological constant, which 
are O ( c t n m 4 ) .  We do not mind starting with a non- 
zero cosmological constant of  this order of magnitude 
and then renormalizing, since it is a non-gravitational 
radiative correction. Previously we have argued only 
that all gravitational loop corrections should be lumped 
together into the initial value of  C. 

A model that embodies the features described 
above can easily be constructed. The usual SU(5) 
superfields [6] should be supplemented by a singlet 
superfield fi la Polonyi [32] that appears linearly in 
the superpotential so that the cosmological constant 
can be set to zero. The superspace potential is 

1 Tr(Z2) + ~_X Tr(Z3) + h~Z H g = lampz + B + ~m 

+ m ' f i H  + F T H  + T T H .  (33) 

The different mass scales appearing in (33) are the 
Planck mass rap, rn, m '  of  O(1016) the grand unifica- 
tion scale, and/a - O(mw).  The effective scalar poten- 
tial (3) can be written in terms of the generalized g- 
terms 

I * gz =/.trnp + ~z g ,  

-- m X/+ :,(>%/+h.,W + :- X[;g, 

+m'(.,,); +:-(r-r",H+);g, etc. 

We find (34) 

V = exp[~-(Iz 12 + T r l ~ l  2 + IHI 2 + IHI2)] 

X (2[}gz i2 + }gtl H I2 + fg~i - -  I j , g6i T r g x l  2] 

- 3[gl 2} +etc .  (35) 

[The quark and lepton fields are irrelevant in the deter- 
mination of the vacuum and hence omitted in (35).] 

The minimization equations reduce to (H) = (H) 
= 0, and 

:z + V + exp(...) 

+ + + + + + 
X (taz gz +g gz + la¢ g q , -  3~g +) = 0 ,  (36) 

~b + V + exp(...) 

X {z+g~(m - X~/v'Y6)¢ 

+ 2g~ [m - 2X~b/,v/-~ + ~-i~ 12(m - x~,/v~)] 

+ ge~g -- 3g+¢( m - X~b/V~-0)} = 0 ,  (37) 

where Z has been replaced by 

Z = (¢/,q"~) diag(2, 2, 2, - 3 , - 3 ) ,  

g~, = ¢(m - x¢/4Y6) + ~-e+g. 
It is not very easy to determine exactly which ~ and z 
satisfy (36) and (37), but a few simple conclusions can 
be drawn. For ¢ = 0 [SU(5)] we find (for a vanishing 
potential V = O) that (36) cannot be satisfied unless B 
is fine tuned to/a(2 - "v'~)v~-. For any other value of  
B, SU(5) is not a minimum with A = 0. 

Looking now for a solution to (37) with (¢) 
O(m) we can discard the first term in the parenthesis, 
as it is of  the order of  at most ta2m, while the rest of  
the terms are of  the order oftzm 2. Then, for a vanish- 
ing cosmological constant [i.e. to 0 (#  4) as a first 
approximation] we obtain 

x¢/x/5-O -~  m + ulv'-£- (x/312)la2 lm . (38) 

Turning now to eq. (36), we obtain 

(laz + g)(I a + ~zg) - 3lag + (x/if" 15/X2)(f13m) = O(,u4). 

(39) 
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For a vanishing cosmological constant ,  (39) is supple- 
mented  by 

2l/a + ~zg]  2 - 3g 2 + (45/X2)(/a 4) = O(/aS/m).  (40) 

It is no t  difficult to check that f o r g  = ~ v ~ - a n d  z = 
x/~-(x/~ - 1) (39) and (40) are satisfied up to terms of  
O(/a2). Of  course in order to have g = g V ~  we must  
fine tune  the parameter  B to the value 

B = x/~-(2 - x/~-) # - (5/~, 2) (m 3) + ( 15/2 ~,2) (mu 2) 

+ O(/a3) .  (41) 

When we do this the SU(5) m i n i m u m  is excluded. 
The model  (33) is very crude and not  to be taken 

seriously, employing as it does repugnant  f ine-tuning.  
However, it does serve as an example of  how the two 

scenarios of  SU(2) gauge symmet ry  breaking triggered 
by supergravity effects can be realized. It  may well 
turn out  that supergravity effects play a crucial role 

in the cons t ruct ion  of  supersymmetric  GUTs. 
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