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ABSTRACT 

MOT 
Spontaneously broken supergravity might help us to understand 

the puzzle of the mass scales in grand unified models. He describe 
the general mechanism and point out the remaining problems. Some 
new results on local supercolor are presented. 

To begin let us remind you of the specific motivation that led 
to the application of supersymmetry' to grand unified models. It was 
the problem of three mass scales that we did not understand in terms 
of each others. These were the Planck mass M_ -» 10*^ GeV which we 
know from the gravitational interactions, the speculative grand 
unification scale My ~ lO^-lO1* GeV related to proton decay and 
My ~ 100 GeV, the breakdown scale of the weak Interactions. A first 
inspection of these three scales shows that K, Is tiny compared to 
the other scales: M w ~ 0. One would like to understand why this is 
the case. An explanation could be a symmetry that keeps M™ small. 
Since the breakdown of the weak interactions is realized through 
vacuum expectation values of fundamental scalar fields we have only 
one choice for such a symmetry: Supersymnetry. In order to have 
Mu ^ 0 supersymmetry should be (spontaneously) broken at a scale Mg 
that is related to M„. Once such a relation Is established there 
remains the question whether one has gained anything. One has re
placed M.. by Mg and one has now to face the problem to explain Mg in 
terms of M x a«d Hp. There have however been some improvements. The 
first is a technical improvement due co the special behavior of 
supersymmetrlc field theories. It gives us the possibility that mass 
relations established at the tree graph level remain stable in per
turbation theory. Secondly it is possible that M g is much larger 
than M u. The latio can be as big as Mg/My ~ 109 as shown in the most 
promising globally supersymmetric models." Such a large scale, 
however, leads necessarily to the Introduction of supergravity since 
the gravitina mass m,,~ is given by Mg/Mp which is now as big as the 

* Work supported by the Department of Energy under contract number 
DE-AC03-76SF00515. 
(Invited talk presented at the Workshop "Problems in Unification 
and Supergravity," La Jolla, California, January 12-16, 1983.) 

>H .:'-n,ii!M OF TnfS K K i . « T 15 t.Sli,',)IIED 



weak scale. Spontaneously broken local supersymmetry has additional 
desired properties. It admits vanishing vacuum energy In the case 
of broken supersymmetry3 (which was Impossible in the global case). 
Through the superHiggs effect the goldstlno is absorbed; and finally 
it admits the Planck scale Mp to appear explicitly in the model. 
Maybe the small scale % can only be understood in terms of the two 
scales Mj. and tip.** 

One thus Is tempted to apply H -1 supergxavity to the models of 
high energy physics. 5' 6 K » I supergravity Is a nonrenomalizable 
'theory and we can at best use it as an effective Lagrangian approach 
with the central assumption that there exists a satisfactory theory 
of gravity (which we do not know yet) for which N * 1 supergravity ig 
a (good) approximation. This final theory should provide us with a 
cutoff for our nonrenormalizable approximation. 

In such a model we assume that the gravitlno mass is of the order 
of the weak scale and there are now two questions to be ancrered: 
(1) How does one obtain a small scale m 3^ 2 ? 
(2) How does Che breakdown of local supersymnetry induce the 

breakdown of the weak interactions ? 
We restrict ourselves to models where m ^ i s t n e °nly small scale 
and where the weak Interactions are restored In the limit 103/2 * °* 
Before we start our discussion we give the necessary formulae 
following the work of Cremmer et al. 5 for a single chlral superfield 
(if.t,h) coupled to supergravity. The model Is characterised by a 
Kahler potential (M-M p) 

where g(a.) is the superpotentlal and 
k - - 3M 2 log (-4/3) (2) 

represents the choice of kinetic terms. Globally "normal" kinetic 
terms correspond to 7 

( " * ) 
(3) 

To discuss the model In supergravity one often makes the simplifying 
assumption of minimal kinetic terms 

4 - - 3exp/-*4) (4) 

which we will also use throughout this paper. Xn the presence of 
supergravity the scalar kinetic terms become 
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The potential is given by 

V - -M*exp(-G) 3 + ( G
i z

 } . (6) 

The transformation law for the chiral fermion is 
5 G1»* 

S X - 2M 4exp <-G/2) " c + ... (7) 

where the dots denote field dependent terns, Formula (7) is the 
relevant expression to decide whether aupersymmotry is broken or not. 

We can now compare the corresponding formulae in the global and 
local case (we use minimal kinetic terms). The potential 

V, = «cp L (Wl'M*-^] ' %-lM*- <«' 
The order parameter 

Ft-If + S 8 •' F G=lf ' <" 
The supersyrametry by breaking scale Is given by 

2 
vac (10) 

Observe that the relatio-. Mg = Eya,- is no longer valid in the local 
case. The roassless Goldstino is absorbed by the gravitino which has 
a mass * 

W3/2 - /I „ ' 
This concludes our presentation of the notation. 

The most exciting property of N = I supergravity is the possibili
ty to Induce large mass gaps. A large hierarchy of mass scales can 
appear in which tvo large masses induce a small mass. This behavior 
has first been observed in a pure Yang Mills gauge theory coupled to 
supergravity.1**8 A condensation of the gauginos \ at a scale 
<AA> = M 3 was shown to break local supersymnetry at a scale Mg — u /to 
resulting in a gravitino raass "3/2 ~ U V M * . A scale u as large as 
the grand unification scale My and the scale M induce a small gravitino 
mass of order of a few TeV. A closer look at the situation showed 
that in this case nothing else could have happened since we know that 
the ^-condensation does not break global super symmetry.9 The break
down scale Mg has to be suppressed by 1/M to disappear in the global 
limit M + ». 
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Meanwhile the general coupling of Yang Mills Interactions to 
H » l aupergravlty has been worked out.6 Consider a pure gauge theory 
and a chiral superfield in aupergravity.10 The transformation of the 
chlral femlon now reads aa follows 

6x - (exp (-G/2) G' + i f'(r) \\\ e . (11) 

Suppose chat G' vanishes at the minimum. A condensation of the gauge 
fsrmion breaks supersysmetry provided that f*(B) • 3f(z)/3z is nonzero, 
The function f (a) denotes nonainlmal kinetic terms for the gauge 
interactions. Such nonmininal kinetic terms are known to exist in 
extended eupergravities, whereas in N - 1 supergravlty this function is 
a free parameter. Suppose we choose 

f (z) - 1 + a * . (12) 
3 The condensate <AX> • y then leads to a breakdown of super symmetry 

at the scale 

and a gravltino mass 
au 3 . (H) 

This Is true for general f as long as the vacuum expectation values 
of the scalar fields are not much larger than the Planck scale. 

The condensate will in general lead to a cosmological constant 
as can be seen from the general form of the potential 

f i I 2 

V - - 3exp (-G) + lexp (-G/2) C' + ~ V XX . 05) 
This cosnological constant can however be cancelled by the scalar 
sector at the cost of one fine tuning of parameters. This will be 
seen later in special examples. 

The stoat important result is Eq. (14), mj/j ~ ffu^M • In 
principle one could imagine such a relation to occur in models with 
only chiral superfields. Suppose one has a superpotentlal g(s) with 
an intrinsic scale u. In general one would then expect to have at 
the minimum g 0 • Xu^ where X is a coupling constant. If global 
supersynmetry would be broken this would lead to M | ~ Au 2 not much 
different from the scale v. Suppose now however that we have broken 
supergravity with vanishing vacuum energy. Formulae (8) and (10) then 
lead to 

M . &JjBl » AH- (16) 
»S M M K * 
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comparable to (13)• Unfortunately nobody was able up to now to find 
a auperpotential that leads to (16) where vanishing vacuum energy is 
achieved for the absolute minimum of the potential. The only known 
superpotential that has broken supersymmetry and E V 8 C » 0 at the 
absolute minimum is 5 

g(z) = m 2(z + B) (17) 

with 6 • i (2 - /5)M. The super symmetry breakdown is of order m and 
one has to choose ra ~ 10 1 1 GeV to obtain a gravitino mass in the TeV 
range. In the dynamical case [Eq. (14)] the scale u could, however> 
be as large as the grand unification scale to obtain "h/j ~ OOfy). 

Given now a scale 013/2 " OQfy) we are confronted with the 
question how to apply the supersymmetry breaking 1 1 - 2 0 to models of 
quarks, leptons and Higgs particles. The supersynnetry breakdown has 
to appear in general in a distant (hidden) sector in order to keep 
the splittings in the observable particle spectrum as small as roj/2' 
This can be achieved of the hidden sector couples only gravitationally 
to the observable sector. The superpotential Is split into two 
pieces! e.g. 

gCz.l^) = g(z) + g(L±) (18) 

where 2 denotes the hidden fields and L^ the observable fields. We 
now want to discuss the question under which circumstances the break
down of supergravity can induce the breakdown of the weak interactions 
and thus provide a link between "13/2 a n <i Mu» We will split this 
discussion into two parts and first discuss the SU(3) xSU(2)xU(l) 
model in the TeV-region and later on include grand unified models. 

In the first case the L^ in (18) denote light fields; quarks, 
leptons, etc. According to our motivation we demand the naturalness 
condition15 that g(L^) be scale invariant. Superpotentials that 
violate this condition necessarily contain explicit small mass 
parameters (-100 GeV) for which we do not understand why they are 
small. This condition gives 

^ ^ L i - 3 « • < 1 9> 

The low energy theory contains besides the quark and lepton superfield 
Higgses in the 2 + 2 representation of SU(2). This is however not 
enough if the naturalness condition is imposed since g(L^) would then 
consist only of the Yukawa couplings and have a Feccei Qulnn symmetry 
under which H and H have the same charge. The simplest extension Is 
the inclusion of a singlet Y with Yffli + Y 3 couplings.15 

To discuss the low energy potential it is convenient to go to 
the flat limit K + <°, m 3/ 2 fixed.13 One then arrives at a softly 
broken globally supersymmetric theory. The soft breaking term include 
gaugino m; .<es, scalar masses and scalar trilinear couplings. If one 
restricts oneself to a pure scalar hidden sector with minimal kinetic 
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terms and imposes (19) the low energy potential turns out to be 1 5 

V M - |^"|2 + *» 3 / 2<8 + B*> + »| / 2 l ^ l 2 . (20) 

More general forms 1 3" 2* can occur If one does not impose (19). A is 
A pure number and depends on the hidden sector. The appearance of 
this terms breaks all R-synmetrlea that might have been present in 
the model. In the case under consideration the coefficient of the 
last term is universal. We will see later on that this need not be 
the case in general. Gauglno masses are generally expected6 of order 
B3/2> b u t could be smaller. Radiative corrections in connection with 
this masses break the universality of the n§/2lI>il terms, such that 
even negative mass 2 for the Higgses might occur. I*»l<* But let us first 
discuss the tree graph level situation. Since g(L<) ia scale invari
ant we know that Vj^-0 at the point where all fields have vanishing 
vacuum expectation values. To Induce a breakdown of S0(2) x n(l) V L E must admit solutions at negative energies. The trillnear term is the 
only term that can give negative contributions. For A » 3 one obtains 
from (20) using (19) 

VLE " lBli + m3/2 ^ 1 * * ° ' ( 2 1 > 

This shows that A s 3 is a necessary condition to induce an 
SU(2) xu(l) breakdown at the tree graph level, and this result is 
still independent of the special form of g{L i). A depends on the 
hidden sector• For g • n)2(z+B) one obtains A " 3-/5. Even of one 
allows more scalars in the hidden sector one usually obtains this 
value as long as one uses (18). A model with A « 3 has been found 1 6 

by replacing (18) by 
2 /*< Li>\ gG^I-j) - a T U + e) exp I — — \ . (22) 

This model has the nice property that A does not receive quadratic 
divergencies in one loop gravity corrections.21 Generalizations of 
(22) have led to models with A > 3. 

If one includes a strongly interacting Yang Mills theory in the 
hidden sector the situation becomes more general. The low energy 
potential reads1,0 

v - l g u | 2 + A«3 / 2(g + g*) + B m f ^ l L j 2 (23) 
with 

and 
A - - /3 (z„/M) (24) 

B - - 2 + M 2 | 6 ; | 2
+ i ( 6 ' ^ + h . e . ) . (25) 

The main difference is now that B can vary. Weak interaction break
down at the tree level requires now either A £ 3<^ or B s 0, 
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The cosmological constant Induced by the condensate has to be 
cancelled by the scalar sector. Let us use the superpotential 
g - «r(s + 8) to do this. He have explicitly computed two cases 0*0 
and 0 - 2M. In both cases one is able to cancel the cosmologies! 
constant by adjusting m 2 to special values.10 In the case 6*0 we 
obtain 

A - - 1.33 ; B - 1.59 (26) 
for 3-2M 

A - H i B - -2 (27) 

It is evident that we can reach all values 1.59 i B Z -2 by varying 
B In the range 0 & 8 £ 2H. One thus can obtain models where B is 
close to sere. B remained still universal and this might cause pro
blems as has been pointed out by Frere, Jones and Baby*'8 They showed 
that In models with A i. 3I/B the absolute minimum usually corresponds 
to broken electric charge, due to the small Yukawa coupling that is 
responsible for the electron mass. This Is a serious problem but it 
could perhaps be cured with cosmological arguments — the absolute 
minimum is separated by a high barier.22 

This problem exists strictly because of the universality of B. 
This universality! however, is broken by radiative corrections which 
enhances the B values for quarks and leptons and reduces those for 
the Higgses of the model has a top quark mass larger than 20 GeV. 2 3 

A model with A close to 3 and B 0 close to one would not suffer from 
this problem. It might even be that B is changed to negative values 
by radiative corrections. Starting with B=l this however requires 
a large lower bound m t - 60 GeV on the top quark mass.21* It might 
therefore be useful to consider models with potential like (23) which 
have a small B. 1 0> 1 9 

It is thus possible to construct models in which the gravitino 
mass induces the breakdown of the weak interactions, and which con
tain no small mass parameters. The breakdown of SU(2) «B(1) Is solely 
induced by supergravlty which can be read off from (23): In the limit 
n3/2 "* ° SU(2) xU(l> is restored. 

The next sr-sp is to include grand unification. The super-
potential g(Lj) now contains also heavy fields. For these heavy 
fields we allow explicit mass parameters u of the order of the grand 
unification scale. For the light fields we however still impose 
condition (19). This discussion is still relevant here since there 
is a hidden way 1 2* 2 0 to break this condition in grand unified models, 
which usually leads to a breakdown of SU(2) *U(1) through a fine 
tuning. Let us take a simple example to explain this 

g = AA^HjS^ + mH 5Hj . (28) 

In this model one has to fine tune to keep the Hijgs doublets massless. 
One solves the equations \&n\ =0 and determines the vacuum expecta
tion vclue of A24. One then adjusts m in such a way that the Higgs 
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doublets reaaln aassless. This Is the right vay to fine tune in a 
globally supersynmetric model, lit local supersynwtry one has to 
flue tone differently. The vev of A 2 4 Is determined from 
|gi4+tt*/*tz)g| »0 and differs from the one in the global theory 
slightly by an amount of order 113/2; I f one now fine tunes in the 
global limit one Induces a small mHH mass parameter in the local 
theory. This leads sometimes to a breakdown of SV(2) «U(1), but this 
is not a breakdown induced by supergravity. It can be removed by a 
slightly different choice of the fine tuning procedure. Models that 
avoid the fine tuning through group theoretical reasons 2 5 (like models 
with 75, 50 and 50 representations) Immediately rile out this possi
bility. As a result, the low energy effective potential remains 
unchanged. 

To discuss grand unified models we use a toy model with one 
light (L) and one heavy field (B) and a superpotential26 

g - uB 2 + XjB 3 + X2Bh. + >3I.3 + A 4BL 2 . (29) 
In the limit M-K» and u, m 3 /i 2 fixed this leads to the following 
potential 

V • |2vB + SX^2 + 2A2BL + \,.h2\ 

+ |A 2B 2 + 3* 3L 2 + 2X4BL| + Bm^ / 2(|B! 2+|L| 2) 

+ Am^jCXjB 3 + X 2B 2L + X 3L 3 + X^BL2 + h.C.) 

+ (A-l)m 3 / 2 (pB2 + h.c.) (39) 

Observe that all splittings are of order 013/2 except for the last 
term which la of order 1013/2• Thus the heavy fields are split by 
a large amount, and one has to worry whether this might induce large 
splittings in the low energy sector through radiative corrections. 
The light fields are coupled to the heavy ones through the couplings 
X 2 and A^» Let us discuss the two terms separately* 

The effect of XA can be seen in the tadpole of Fig. 1. It gives 
a contribution y m ^ j U r + L * 2 ) in leading order. This is however 
cancelled by the graph in Fig. ?.. What remains are contributions of 
order m|jna Graphs where a vertex uX, (in Fig. 1) is replaced by 
^"3/2*1 *^*° Sive contributions of order m^j^I,*+Ii*'). Thus the 
hierarchy remains stable. The exercise shows however that HI3/2 cannot 
be much larger than the weak interaction scale Mp, even of the param
eters A and B are very small. 

We proceed to discuss the terms proportional to X2 (from XjBT.). 
A graph like Fig. 3 which contains (A-l)um3/2 and ">3/2*2 tenka 

explicitly is not cancelled by any other graph and contributes with 
umj/g to the mass of the light particles. The reason is the light 
particle exchange In Fig. 3. in the previous case (X4) these 
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**mJ/a 

Fig. 1. Potentially 
dangerous contribu
tion to light oarti-
cle masses. 

X, * 4 

L 
?-« * ~ .»•<*> 

Fig. 2. Cancels con
tribution of Fig. 1 
to leading order. 

/""a/a 

contributions were suppressed by Che heavy 
propagator. As a result the tree graph level 
hierarchy its our toy model is spoiled. 

In realistic models this problem occurs 
only if the model contains light singlets 
that couple via ^tir to heavy particles, but 
most of the locally supersymmetrlc grand 
unified models have this disease. It appears 
in graphs like Fig. 4 where a light singlet 
connects the light Higge doublets with the 
heavy triplets. The problem usually persists 
even In mire complicated models that contain 
light singlets.2' The only natural way wo 
solve the problem with a light singlet Is to 
impose a discrete symmetry that does not 
allow the feeddown of WBJ/J to the light 
particles. Such a symmetry- however, makes 
It difficult to generate masses for the Higgs 
triplets, which however can be solved by 
Imagination and a fairly large amount of 
group theory,2S The cleanest way, however, 
Is the absence of light singlets. 

It seems at the moment that the marriage 
of locaisupersytwnetry and grand unification 
leads to phenomenologicelly acceptable models. 
It might even be possible to understand the 
small mass scale M» in form of a conspiracy 
of the two bip scales M» and H„ as described. 
Ultimately one might understand M x from 
gauged extended supergravities where the 
gauge Interactions become strong at Mg and 
breaks the last remaining supersymmetry. The 

small gravitlno mass 
can Induce ths break
down of SU{2) *U(1) 
In a natural way. 
This could be achieved 
in several ways 
depending on the 
parameters of the 
special model. Those 
parameters, however, 
can only be fixed by 
new experimental 
input. 

i"H*n 

R 2 «}/J»J H 2 

Fig, 3. Tadpole that 
spoils the hierarchy 
in the toy model. 

Fig. 4. The contri
bution that is rele
vant in grand unified 
ioodels. 

- 9 -



I 

ACKNOWLEDGEMENTS 

Various parts of the described work has been done in collabora
tion with S. Ferrara, L. Glrardello, M. Srednicki and D. Wyler. 
I also would like to thank L. Hall, L. Ibanez, A. Masiero, 5. Raby 
and S. Weinberg for discussions. Congratulations to G. Farrar and 
P. Henyey for the organization of this meeting. 

REFERENCES 

1. J. Wess and B. Zuoino, Phys. Lett. 49B. 52 (1974). 
2. R. Barbleri, S. Ferraxa and D. Nanopoulos, Phys. Lett. 116B, 16 

(1932); M. Dine and W. Fischler, Princeton IAS preprint (1982); 
S. Dinopottlos and S. Raby, Los Alamos preprint LA-UR-82 (1982); 
J. Polchinski and L. Sussklnd, SLAG preprint FuB-2924 (1982). 

J. ?•. Deser and B. Zwnino, Phya. Rev. Lett. 38, 1433 (1977), 
4. H. P. Nilles, Phys. Lett. USB, 193 (1982). 
5. E. Cremmer, B. Julia, J. Seherk, S. Ferrara, L. Girardello end 

P. van Nieuwenhuizen, Nucl. Phys. B147. 105 (1979). 
6. E. Crammer, S. Ferrara, L. Girardello and A. Van Proeyen, Phys. 

Lett. 116B. 219 (1982) and CERN preprint TH-3348 (1982), to be 
published in Nucl. Phys. B. 

7. H. P. Nilles, CERN preprint TH-3398 (1982), to be published in 
Nucl, Phys. B. 

8. H, P. Nilles, Proceedings of the Johns Hopkins Workshop on 
Current Problems in Particle Theory 6, ed. G. Domokos et al., 
Florence (1982). 

9. H. P. Nilles, Phys. Lett. 112B, 445 (1982). 
10. S. Ferrara, L. Girardello and H. P. Nilles, CERN preprint 

TH-3494 (1982). 
11. B. A. Ovrut and J. Wess, Phys. Lett. 112B. 347 (1982), 
12. R,.Arnowitt, A, H, Chamseddine and P. Nath, Phys, Rev, Lett. 49., 

870 (1982). 
13. R. Barbinti, S. Ferrara and C. A. Savoy, CERN preprint TH-3365 

(1982), to be published in Phys. Lett. B. 
14. L. Ibanez, CERN preprint TH-3374 (1982). 
15. H. P. Nilles, M. Srednicki and D. Hyler, CERN preprint TH-3432 

(1982), to be published in Phys. Lett. B120. 346 (1982). 
16. E. Cremmer, P. Fayet and L. Girardello, LPTENS preprint 82/30 

(1982). 
17. J. Ellis, S. Nacopoulos and K. Tamvakis, CERN preprint TH-3418 

(1982). 
18. J. M. Frere, D. R. T. Jones and S. Raby, University of Michigan 

preprint HE 82-58 (1982). 
19. M. Galllard, L. Hall, B. Zumino, F. del Agulla, J. Polchinski 

and 6. Ross, Berkeley preprint UCB-PTH-82/21 (1982). 
20. L. Hall, J. Lykken and S. Weinberg, University of Texas preprint 

UTTG-1-83 (1983). 
21. R. Barbieri and S. Cecotti, University of Pisa preprint SNS 9/ 

1982. 
22. L. Hall, private comnuinication. 

- 10 - ' I 



23. L. Xbanez and G. Ross, Phys. Lett. HOB. 215 (1982). 
24. L. Ibanez and C. Lopez, L. Alvarez-Gaum*, J. Polchinski and 

M. Wise, paper* In preparation; see alao the contribution of 
L, Ibanez Co this conference. 

25. J. Grinateln, Harvard preprint (1982); A. Maslero, D. Itanopoulos, 
K. Tanrvakia and X. Yanagida, Phys. Lett. 115B. 375 (1982). 

26. H. P. Utiles, H. Srednlcki and D. Wyler, CEBN preprint TH-3461 
(1982); A. Lahanaa, CEBH preprint TH-3467 (1982). 

27. S. Ferrara, D. Nanopoulos and C. Savoy, CERN preprint TH-3442 
(1982). 

26. A. Kaslero and D. Wyler, private coamnlcatlon. 

DISCLAIMED 
TOii report WM prepared »« en account cf - r̂k sponsored by an agency of tha Unilid Stttea 
Oowomeot Neilier the United Stales Government nor any agency tbcreaf, nor any of their 
employee!, mates any warranty, express or implied, or asnines an" legal liability or retponnt. 
bility lor too accuracy, compIetencM, or usefulness of any iafonoarno, apparatus, product, or 
proms dtscteod, or repretean that its use m i d not infringe privately oraed ajajht*. Refcr-
cane hereto to any JpecHic cnomcrcial p r o n ^ process, of service by bide e*nFt> MdenarJc. 
naatrfactarcr, or ottarafca data not necessarily cautitaic or taosy iu cadoneaMat, itoaav 
wmrtatlnn, or faming by the United Stats Government or any ascacy thereof. The view 
aid opintan of ntkoia axatcaied herein do not ncccssariry state or rente* time of the 
UnltodSUteaCVmnraientoranyatjcgcytlieiccr. 

- 11 -


