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It has long been known that superpotential couplings in heterotic theories often vanish despite the
absence of any known symmetry that would forbid them. We show that such structure is also exhibited by
the matter field Kihler potential of these compactifications. We give an analytical analysis which provides
some simple conditions under which certain terms, which would be expected to be present in the Kéhler
potential, vanish. Explicit examples of this phenomenon are provided, some of which are verifiable by
other methods and some of which can only currently be accessed by these techniques. By studying the
interplay of the structure we find with Higgsing transitions, we are able to show that this vanishing of
Kiéhler potential terms can extend to all orders in a perturbative expansion in the matter fields.
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I. INTRODUCTION

It has long been known that, in the context of smooth
Calabi-Yau compactifications of the heterotic string, super-
potential couplings often vanish for no obvious four-dimen-
sional reason [1-10] (see [11-13] for examples of some
related work in an orbifold context). That is, there are
frequently couplings which are consistent with all of the
known symmetries of the four dimensional effective theory,
which simply vanish when computed in an explicit con-
struction. Initial work in this area concerned vanishing of
perturbative trilinear Yukawa couplings [1-9,14-28]. More
recent progress has observed that such structure extends to
all higher order perturbative couplings of the matter fields
[10]. This latter work leads to infinite numbers of vanishing
perturbative couplings in some cases. Vanishing results of
this type have also been found for nonperturbative con-
tributions to the superpotential as well [19,29-45], although
it has been conjectured that the vanishing of nonperturbative
effects will be limited in a given case except in certain very
specific circumstances [46].

The vanishing of perturbative terms in the superpotential,
as described in the previous paragraph, is interesting even if
those terms are regrown nonperturbatively at some level. If
all that was known were the quantum numbers of the four
dimensional massless fields, and the known symmetries of
the effective theory, then these results would come as a
surprise. From a field theory point of view, it should not be
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possible, for completely general choices of numerical
coefficients in a theory, to find a region of field space
where the number of suppressed couplings, not enforced by
symmetry, is larger than the number of moduli. However,
this is precisely what is found in some of these string
constructions.

A natural question to ask is whether this phenomenon of
vanishing terms in the low energy description extends to the
matter field Kihler potential of the heterotic theory. In this
paper we show that it does. We provide simple criteria, that
can be evaluated analytically, for when perturbative terms,
quadratic in the matter fields, vanish. These terms are often
consistent with all known symmetries and would therefore
be expected to appear in the four dimensional Kihler
potential. We give a series of explicit examples illustrating
this structure, including some that can be verified by known
symmetries and some that can not.

One might ask if such vanishing components of the matter
field metric can be meaningful. Indeed, by a field redefi-
nition it should always be possible to diagonalize that metric
and it must be of maximal rank. As such, in some sense
one might think that no good notion of vanishing compo-
nents could survive. However, the matter field metric is a
complicated function of the moduli of the compactification.
Although a field transformation certainly exists to diago-
nalize the metric, it will not in general be a holomorphic
function of the N = 1 degrees of freedom. In this sense, the
structure we observe is indeed physically meaningful.

This work can be seen as a complement to recent
numerical explorations of the heterotic matter field
Kihler potential [47-51] (see [52,53] for other analytic
work on computing gauge sector Kihler potentials). Such
numerical methods are absolutely necessary currently, if we
wish to compute the nonzero numbers that appear in this
quantity. However, the current work shows that certain
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structure, in particular vanishing of terms, in the Kihler
potential can be obtained analytically.

Surprisingly, in the last Section of the paper we will be
able to make some statements about vanishings of higher
than quadratic order perturbative terms in the matter field
Kihler potential. This will be made possible, despite the
fact that no tractable closed form expressions for the
coefficients of such terms are available, by considering
how the constraints on Kihler potentials we have described
here interact with Higgsing transitions. In this manner, we
will be able to show that infinite sets of perturbative
contributions to the matter field Kahler potential vanish
in some examples: an analogous result to those obtained for
the superpotential in [10].

An underlying question which this work does not address
is whether there is a, thus far undiscovered, symmetry that
underlies these vanishings, perhaps along the lines of [46], or
whether this structure is simply a geometrical feature of these
compactifications. This is a subject that we plan to return to
in future work.

The rest of this paper is structured as follows. In Sec. II,
some of the underlying mathematics that will be needed for
our discussion is reviewed. In Sec. III the basic result
detailing vanishings of terms in heterotic matter field
Kihler potentials is outlined. A series of explicit examples
are presented in Sec. IV, each emphasizing a different point.
The first example has vanishing structure which is verifi-
able by symmetry considerations. The second example has
vanishing structure which is not explained by known
symmetries. The final example is used to argue that the
vanishing phenomenon being discussed extends to higher
order terms in the matter field Kéhler potential. In Sec. V
we conclude and mention some examples of possible future
directions of research.

II. HERMITIAN METRICS AND MAPS ON
COHOMOLOGY

In this section we will review a few mathematical
preliminaries that will be required in the rest of our
discussion. See, for example, [54] or Appendix C of [5]
for a more detailed review of some of these notions.

Consider a short exact sequence of bundles,

00— A—i>Vi>B - 0.

(2.1)
Holomorphic maps such as i and m induce well-defined
maps in cohomology, which we will indicate by the same
symbol in a slight abuse of notation. It should be noted,
however, that as maps on forms, holomorphic maps such as
i do not preserve harmonicity, as we will now review.

A form valued in the bundle E is said to be harmonic if,

dpa=0 and dLa=0. (2.2)

Here, if we write @ = o' ® s; where (s, 55, ...) is a local
holomorphic trivialization, the partial derivative operator is
defined by,

Opa = 0d' @ s,. (2.3)

The adjoint of the partial derivative operator is defined
by dpa = —*gv 0 0p o kg In this expression we have
assumed the existence of a Hermitian structure 4 which
can be thought of as a map taking E — EV. This is then
used to define the generalization of the Hodge duality
operator which is being used in the above.
(' @ s5;) = * (&) ® hpjs’ (2.4)
Although a holomorphic map such as i in (2.1), for
example, obviously maps d, closed and exact forms to
objects of the same type, it does not preserve @' closedness.
Taking " as a harmonic A valued form,

0y ic" = Syv 0 dyv o Kyial # 0. (2.5)
Here the last inequality follows due to %, conjugating the
holomorphic map i which is then acted upon by dyv. A
generalization of the Hodge decomposition states that every
V valued (p, g) form can be written as a sum

a =y + avﬂ + (_)‘r/}/ (26)

in a unique fashion, where ¢, is harmonic. The fact that iw,,
is dy closed but not 9, closed then implies from (2.6) that
iw, = a;, + oy for some a;, and B. It is, of course, still
possible to induce a map on harmonic forms from i. One
simply considers the well-defined map on cohomology it
induces and then takes the unique harmonic representative
a;, in any class mapped to.

Given Hermitian structures on the bundles in the
extension (2.1), one can define maps i*: QP9(V) —
QP4(A) and m*: QP9(B) — QP4(V) on bundle valued
forms. We have,

" =%y vo0ivoxy and m* = kypom¥oxp (2.7)
These maps induce well-defined maps on bundle valued
cohomology, which we will again denote by the same
symbol, simply by composition. The Hodge stars and
holomorphic maps from which they are built provide us
with such morphisms and thus so does their sequential
application. Note also that,

AV oivoivo;‘/v omvo;B

—1)Pt9% v 0¥ omY o xp

given that xgoxpv = (—1)P™% and ¥ om" = 0.
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As with the holomorphic maps i and m, i* and m*, as
maps on differential bundle valued forms, do not preserve
harmonicity. In particular, taking " as a B valued harmonic
form, given that

m Ut =Sy omY o kgl (2.9)
we see that, because %z is harmonic, m" o % g is
harmonic up to an exact piece, following the same logic
as we did for the map i above. Thus, because x v o dyv =
(=1)P+a+15] o %y, we find that m*v” is harmonic up to a
d-exact piece. This same relation also implies that the
harmonic part of the image of the map m* in forms is the
same as the harmonic representative given by the induced
map in cohomology.

Maps such as m* have a very important property with
respect to the inner product defined on bundle valued
cohomology.

(@.B)y = Axva A B (2.10)
In this expression, the dual bundle valued form %y a acts on
the bundle valued form f to produce an ordinary top form
which can be integrated over the Calabi-Yau X to yield a
number. A straightforward calculation reveals that m*, as a
map on forms, obeys the following adjoint property where
ais a (p,q) form,

(m*a, )y = (=1)""(a, mp) .

In the physical application of this paper, we are interested in
inner products between harmonic forms. One might there-
fore worry that, because m*a as defined above is not
harmonic, the above relation does not apply if we are
thinking of m* as a map on cohomology and from there on
harmonic objects. This is not an issue, however. If a is
harmonic, the form m*a differs from the relevant harmonic
form by a co-exact piece. The derivative d}, is adjoint to dy,
and thus the addition of this co-exact piece does not
change the inner product given that 8 is closed. Likewise,
my differs from the harmonic representative in cohomology
by an exact piece. This does not affect the second inner

product in (2.11) if we take a to be 5; closed.

(2.11)

III. VANISHING OF TERMS IN THE MATTER
FIELD KAHLER POTENTIAL

Using the discussion of the previous section, let us state
the basic vanishing structure we will consider in this paper.
Consider a heterotic Calabi-Yau compactification with
gauge bundle V. If we have matter fields f* associated
to bundle valued one forms w; then the matter field kinetic
terms in the Lagrangian take the form

Gija,,f"a”ﬁ where G;; « (wj, wi>V (3.1)

That is, the components of the matter field Kihler metric in a
four dimensional effective theory of a heterotic compacti-
fication are determined precisely by the inner product (2.10).
Say that our bundle V is defined by an extension short
exact sequence as in (2.1) where A and B are bundles.' This
defining sequence leads to a long exact sequence in
cohomology, which includes a piece of the following form,
HO(B)-SH'(A)—H (V)25 H' (B) - H2(A).  (3.2)
In this sequence, ¢ is the co-boundary map and, in a slight
abuse of notation, we have denoted induced maps in
cohomology by the same symbol as the associated bundle
morphism. Consider two matter fields corresponding to
V valued harmonic forms m*f and ia, respectively, for
peH'(B) and a€ H'(A). We then have the following,
(m*p,ia), = —(a,moiff)g =0. (3.3)
Here we have used (2.11) in the first equality and the
composition rule for the maps in the sequence (3.2) in the
second. The inner product in (3.3) is precisely that which
computes the matter field Kéhler metric component linking
the fields associated to m*f and ia. Thus, in such an

instance, the kinetic cross-term between these two species
vanishes. Equivalently, the associated moduli dependent

terms G, f' f in the matter field Kiihler potential, for fields
f and f associated to elements of the form ia and m*p,
respectively, vanishes. Note that the conjugate metric
element also vanishes as it should,

(ia,m*p), = —(a, i*om*a)y =0 (3.4)
due to the compositional relationship (2.8).

One issue that it is useful, although not necessarily
essential, to clarify in interpreting these results is whether
or not harmonic forms of the types ia and m*# form a basis of
H' (V). In fact, it is relatively straightforward to see that they
do by following a somewhat indirect argument. Elements of
the form ia span a subspace of H'(V) of dimension
dim(coker[6: H°(B) — H'(A)]). This is easy to see because
the kernel of i is the image of § by the exactness of the
sequence (3.2). For the m* 3 elements consider the following
sequence that follows from the dual sequence to (2.1).

HY(VY) & H (BY)<—H! (AY) (3.5)
From the exactness of this sequence we see that elements of
the type m"b span a subspace of H*(V") of dimension
dim(coker[6": H'(AY) — H?*(BY)]). However any b€
H?(BY) is % gy for some y € H'(B) since the Hodge star

1Very closely analogous analyses can be made for other bundle
constructions, such as monads.
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provides an isomorphism of cohomology groups.2 Likewise,
*yv provides an isomorphism from H?(V") to H'(V'). Thus
elements of the form m*f span a dim(coker[s¥: H'(AY) —
H?(BY)]) =dim(ker[s: H' (B) — H*(A)]) dimensional sub-
set of H(V). Since h'(V) = dim(ker[5:H'(B) —
H?(A)]) + dim(coker[6: H*(B) — H'(A)]) we naively
have the right number of basis elements. The only obstruc-
tion to having a complete basis that could arise would be if
some element m*f was actually the same as some element it
of H'(V). This can not occur however, precisely due to the
vanishing result (3.3). All inner products of the form
(m*p, ia) vanish. However, if m*f# = ia for some a and
S then this would imply that (@, ®) = 0 for that w = m*p,
which can not happen due to the positivity properties of the
inner product. Thus elements of H'(V) of the form i and
m*f form a basis of the cohomology.

Having established some vanishing statements about
components of the matter field Kihler metric, we should
address an obvious objection that could be raised. In some
sense we know exactly how many vanishings there are in a
metric such as this. Any metric can be diagonalized and any
nonsingular metric is of maximal rank. So one might think
that the above results do not mean very much. There are
two ways in which this is too quick. First, the above
discussion gives us some information concerning the basis
in field space in which this diagonalization occurs. This
information is incomplete and concrete computation of the
map f* in a given example would require knowledge of the
bundle and Calabi-Yau metrics. More importantly, the
Kihler potential terms and corresponding matter field
Kihler metric components that we are discussing here
are functions of singlets such as bundle and complex
structure moduli. Thus if one were to arrange for the
vanishing structure we have seen by performing a basis
change on the matter fields, this transformation would have
to depend upon these moduli. Such a transformation would
not be, however, holomorphic in these fields in general. As
such it is incompatible with the N =1 supersymmetric
structure imposed upon these singlet chiral superfields.

In this discussion we have considered V valued coho-
mologies, however clearly similar analysis would hold for
other associated bundles, such as wedge powers, corre-
sponding to matter fields in different representations.

|

0 - 0(-2,2,0,0)

h° 0
h! 3
h? 3
n? 0

—i 0(=2,2,0,0)

In what follows, we will present a number of explicit
examples of the above vanishing phenomenon. In some of
these, the vanishings will be verifiable by using known
symmetries of the string compactifications in questions. In
others, no known symmetry results in the structure we are
discussing. Finally, we shall present an example which
demonstrates that there are many vanishings in higher order
perturbative terms in the matter field Kéhler potential as
well, despite the fact that we have a priori no direct method
to compute these quantities.

IV. EXAMPLES

A. A vanishing example verifiable by symmetry

We begin with an extremely simple example where the
vanishing of Kaher potential terms we are discussing can be
verified by other means. Consider the following manifold,

P! 2
- 2 4.1
X = , .
[pl 2 ( )
P! 2
and line bundle sum over it,
V=0(-2,2,0,0) ® O(2,-2,0,0). (4.2)

Here we are using the standard notation for complete
intersection Calabi-Yaus and line bundles over them, as
reviewed, for example in [55]. The bundle V is holomor-
phic and slope polystable in a locus in the Kéhler cone of X
and thus corresponds to a good vacuum of the heterotic
string. In this case we have a bundle of S(U(1) x U(1))
structure giving rise to a low energy gauge group of E7 x
U(1) where the U(1) factor is Green-Schwarz anomalous.
In terms of line bundle cohomology, it is easy to compute
that 7*(O0(-2,2,0,0)) = {0,3,3,0} and thus V in this
case gives rise to three matter fields in the 56, and three
matter fields in the 56_; representations of the gauge group.

To connect with our previous analysis, we can view (4.2)
as a bundle defined by extension where the extension class
is taken to be trivial.

0(2,-2,0,0) —" 0(2,-2,0,0) — 0
0
3 (4.3)
3
0

’In fact, %5 maps H'(B) to H>2(B"). However, since for a Calabi-Yau threefold A3 TXY = O, we have that H>2(BY) =
H*(A3TXY @ BY) = H*(O ® BY) = H*(BY). Similar comments apply for the other cohomologies of dual bundles being considered

in this paragraph.
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For the purposes of a unified presentation with later exam-
ples, we have reproduced the dimensions of the cohomol-
ogy groups of the bundles below their entry in the sequence.
In this case the map structure discussed in Sec. III becomes
particularly simple. The map m is simply an isomorphism to
0(2,-2,0,0) from the relevant summand in V. In such a
case m" is also an isomorphism onto the relevant summand
in V¥ and thus m* is an isomorphism too.

By the arguments of Sec. III all matter field Kihler metric
terms which would induce bilinear cross terms between the
matter fields associated to ia and those associated to m*f3
vanish. In other words, denoting the matter fields associated
to i as C and those associated to m*f as C all terms in the
matter field Kéhler potential that are schematically of the
form C C and its conjugate, with moduli dependent pre-
factors, vanish.

In this particular case, this result can easily be confirmed.
The matter fields C correspond to the 56, and the matter
fields C the 56_, representations mentioned above. A term
of the form C C, with a singlet prefactor, simply is not
invariant under the Green-Schwarz anomalous U(1) sym-
metry. It is therefore forbidden in the perturbative Kihler
potential. Note that such terms might be regrown non-
perturbatively, in a suppressed fashion in regions of moduli
space that are under control, due to the Kihler axions
having their shift symmetry gauged under the same U(1).

B. A vanishing example not due to any known
symmetry

With the example in this section we wish to illustrate that
not every vanishing of the type we have been discussing in
this paper is due to a known symmetry, as happened to be
the case in the preceding example. Consider the following
Calabi-Yau threefold,

P! 0 2
X=|P! 2 0], (4.4)
3 31
together with the following SU(3) bundle over it,
0 - F 5 v, K 5 o0
Ko 0 0 0
! 5 5 0 (4.5)
h? 3 7 4
n 0 0 0
Here we have defined
0->0(-1,-2,1) > F - 0(-2,2,0) - 0, (4.6)

and

K =0(3.0,-1). (4.7)

Our notation has been chosen to mirror that in Sec. 4.2 of
[56] the analysis of which has been used to construct this
example and that used in the next section. It has been
explicitly checked that V5 is polystable and slope zero in
regions of the Kéhler cone relevant for the discussion of this
paper. In (4.5) we have once again included the dimensions
of the relevant cohomology groups underneath the bundles
in the sequence. We see that one obtains 4 matter fields f
in the 16 representation from acting on elements of
H*(K) = H'(KY) with m* and 3, f,, as the image under
i of an element of H*(F) = H'(F"). According to our

analysis, the cross terms of the form ]72]”1 and their complex
conjugates in the matter field Kéhler potential vanish.” In
this example, there is no obvious symmetry reason for this
vanishing, because such Kéhler potential terms are permit-
ted by the E¢ gauge group which is the only relevant gauge
symmetry of the problem.

One may ask if the vanishing of these matter field metric
components is due to nonapparent symmetries stemming
from this bundles obvious stability wall [3,4,57-59]. In
particular, at the locus in the Kéhler cone where F becomes
slope zero, V5 in (4.5) must split into two pieces to maintain
supersymmetry [57-59]. It becomes a bundle of structure
group S(U(2) x U(1)) of the following form,

V;> F@K (4.8)

A bundle of this structure group leads to an Eg x U(1)
gauge group in four dimensions. The U(1) factor is Green-
Schwarz anomalous. The relevant branching rule for the
adjoint representation of Eg in this situation is as follows,

Eg D Egx SU(2) x U(1)
248 = (1,1), + (1,2); + (1,2)_;4
+(1,3), + (27,1)_, + (27,2),
+(27,1), + (27,2)_, + (78,1),

(4.9)

This leads to a matter content for the theory at the stability
wall as given in Table I.

The four-dimensional effective theory has D terms
associated to both factors in the gauge group. For the
Green-Schwarz anomalous U(1) factor we have the fol-
lowing,

*Note that the vanishing of the inner product between these
two forms following the analysis of Sec. III trivially implies the
vanishing of the inner product between the associated one forms
in the dual first cohomology group.
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TABLE 1. .Matter content of the 4D effective theory arising therefore regrow the fzi (C,) term, and its conjugate, if all
from the split bundle (4.8). terms allowed by symmetry are present.
Field Representation Cohomology Dimension In fact, a moments’ thought about the statement in the
1 y last paragraph reveals that the vanishing of the 12 Kihler
gl (11’ 22) -3 H | (’Cv® ) 200 potential terms that our analysis has revealed for (4.5)
2 ;7’ 1)3 H (Kl ’? F) 0 implies that an infinite number of terms must have vanished
;' (( 27’ 2))‘2 II;II ( }_) 5 in the matter field Kéhler potential at the stability wall. For
2 ﬁ, 1 ! o ((ICV)) 4 example, terms of the form f, f C,(C,C,)? must vanish for
i (2_7 ’2 )2 H(FY) 3 all ¢ if C, is the field to which we give a vev. We will
F2 (27.2)., Ly investigate this phenomenon further in our final example in
4 (1.3) HF'®7) 23 the next section.
) ) C. Vanishing of higher order terms in the matter field
pul) — i%@ + 3G, CLCl + Gij 1 J_Cé Kihler potential
16 1 _1{ In this section we are going to consider what happens if
4 2@1]]?{]01’. (4.10) one takes the example given in Sec. IV B and Higgses by

Here we have only included terms in the D term which will
be relevant in this paper, omitting some contributions
which will remain zero in all of the vacua we consider.
In the expression (4.10), u(F) is the slope of F, V is the
Calabi-Yau volume (both functions of Kéihler moduli) and
the various forms of G’s are all portions of the matter field
Kéhler metric. The constants eg, € and k, are all the usual
constants appearing in the expansions controlling heterotic
M theory [60].

The D term associated to the Eq gauge group factor has
the following schematic form,

DS = G575 — G i (4.11)
We have once again omitted several terms that do not
depend on any field that we will give a vacuum expectation
value (vev) in this paper, and thus will not be relevant in
what follows.

Given the above structure, one can give a vev to a matter
field C, and satisfy the Dterm (4.10) simply by moving in
Kihler moduli space to a region where pu(F) < 0. Indeed
given the lack of C; fields in this example, all rank
preserving deformations of (4.8) to an irreducible bundle
are of this form [61]. This is, therefore, the field theory
description of how the split bundle (4.8) is deformed back
into (4.5) [56].

We can now see that the Kéhler potential term vanishings
that we have shown for V5 can not be due to the effects of

this stability wall. It is true that terms of the form szj”l are
forbidden by the Green-Schwarz anomalous U(1) sym-
metry. However, in returning to the indecomposable bun-
dle, this symmetry has been further broken by the C, vev
that is turned on. In particular, at the stability wall, there is
no known symmetry consideration preventing a term of the

form E?ICZ appearing in the Kéhler potential. Once we
have a C, vev turned back on to return to (4.5) we should

giving an expectation value to a 27 — 27 pair. First, let us
discuss our expectations from a purely field theory
perspective.

For the matter fields to which we will give a vev we shall
denote the decomposition under the breaking of E4 to
SO(10) x U(1) as,

27, = 1_ + 10 + 16_
1 41 2.1 L (4.12)
fo = ¢ + xn +
and
27, =1 + 10_ + 16
12 42 ) 22 ~1.2‘ (4.13)
fi = & + +

In these expressions, the first charge is that of the U(1)
inside Eg and the second is that of the Green-Schwarz
anomalous symmetry. We are going to consider giving a
vev to the SO(10) singlet ¢, in an f, multiplet to take the
unbroken gauge group from Eg to SO(10). To satisfy the
D term (4.11) we will also give a vev to the SO(10) singlet
¢, in an f, degree of freedom. In performing this Higgsing
one f, and one f, will get eaten by the massive gauge
bosons/fixed by the D terms.

Let us denote the decomposition of f, under the gauge
group breaking as follows,

2'~7—1 = 1{.—1 + 10, + 161,—1. (4.14)

fr = & + n  + W
From a field theory perspective, we would expect to no
longer have vanishing structure in the Kéihler potential
where terms of the form ,i; do not appear. The reason
behind this expectation is that in general the Kihler
potential of the un-Higgsed theory should contain terms

such as f,f,f2f, since they are allowed by gauge invari-
ance. If we put the vevs into the f, and f, factors, we will
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regrow the type of quadratic Kéhler potential term that is
missing due to gauge symmetry at the stability wall
as Yoy < ¢y > .

With this field theory expectation in mind, let us return to
the geometry of the heterotic compactification to ascertain
what actually happens. In [56] it was shown that the type of
Higgsing being considered here corresponds to a rank
changing transition which deforms the bundle V5 given in
(4.5) as follows. Define a bundle I/ by the following short
exact extension sequence,

0O - O - U - K - 0

1 1 1 0
h! 0 0 0 (4.15)
h? 0 3 4
n 1 0 0

The SU(4) bundle that we deform to under Higgsing is then
given by the following extension,

0O - F -V, - U = 0

h° 0 0 1

h! 5 4 0 (4.16)
h? 3 6 3

n 0 0 0

Here F was defined in Eq. (4.6) and we have once again
written the cohomology dimensions of the bundles appear-
ing in the defining sequences under the relevant objects.
Looking at the 16 matter fields, associated to H?(V,) we
see that there are now six instead of the seven 27 repre-
sentations that were present in the E4 theory, as a conse-
quence of the usual Higgsing mechanism. We also note that
three of these, the {7,’s, descend from H?(U/) and three, the
ir1’s, from H?(F). Our analysis of Sec. III then tells us that
the (7,4, terms are still missing from the matter field Kihler
potential, despite the field theory expectations discussed
above. This result implies that an infinite number of matter
field Kihler potential terms that were allowed by the
symmetries of the Eg theory must have in fact been missing.

For example all terms of the form f, £ (fof1)"* ' (fof1)" for
any n must vanish in the E4 theory for this result to hold.
These terms can not cancel amongst themselves because
they all have different dependence on the singlets, which
gain a vev (and the moduli of the E¢ theory in general) and
the vanishing result seen in the SO(10) theory holds
everywhere in moduli space.

This result is more of a surprise in some ways than the
results detailing vanishings of higher order superpotential
couplings that were presented in [10]. We know that we can
often build bundles that are polystable and holomorphic
over a finite moduli space. These therefore correspond to a

good perturbative heterotic supersymmetric Minkowski
vacuum for finite values of moduli fields. The only way
this can be achieved from a four dimensional perspective,
given the criteria that W = 0 and ‘3)% = 0 for all fields @, is
if large sets of higher order couplings in W vanish
identically to ensure the presence of a flat direction. The
situation is different for the Kihler potential. K does not
appear in the condition for a supersymmetric Minkowski
vacuum at all, and it was not obvious that the theory should
give rise to such infinite sets of vanishing couplings.
Nevertheless, as the above example shows, this structure
does seem to be present, at least in the examples that we
have been able to study.

V. CONCLUSIONS

In this paper we have seen that explicit computations can
reveal vanishing of terms in the matter field Kihler
potential of heterotic theories that we would expect to
be present purely from symmetry considerations in the four
dimensional effective field theory. These vanishings can not
in general be achieved by a simple field transformation
from a general Kihler potential, as such a change of
variables would not respect the holomorphic nature of
the N =1 fields. The vanishing phenomenon arises from
bundle substructure in the form of a bundle construction
based upon composing smaller objects to make a larger
rank whole. This should be compared to the similar
situations seen in the vanishing of superpotential couplings
[1-10] which also arise from substructure of the geometric
description of the vacuum in various forms. Although we
have considered extension bundles here, the techniques
used can clearly be extended to other constructions.

In addition to describing in general one way in which the
absence of expected terms in the matter field Kahler
potential can arise, we have provided several explicit
examples. These included cases where the results of our
analysis can be verified by other means, examples where no
other explanation for these vanishings are currently known
and examples where infinite sets of contributions to the
perturbative Kéhler potential can be argued to vanish.

One thing that we should emphasize is that a given
bundle can be described in a large number of inequivalent
manners. It is sufficient for just one of these plethora of
descriptions to fit within our framework for the vanishing
results we present to hold. Furthermore, if in a given
example different descriptions of a bundle lead to different
constraints, one could end up with an extremely restricted
Kiéhler potential for the resulting four-dimensional theory.

It would be nice to generalize recent numerical ap-
proaches to computing the matter field Kéhler potential
[47-51] so that examples such as those considered here
could be included. In addition to providing cross checks of
the two types of work, it is possible that such numerical
analyses could reveal further vanishing structures that could
then be studied analytically.
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An important underlying question that was not addressed
in this work is whether the structure in the matter field
Kihler potential discussed here is related to a symmetry
in some currently unknown fashion. The answer to this
question would clearly be a key underlying ingredient in
our understanding of these heterotic vacua, and we plan to
address this line of investigation in future work.
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