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Abstract

We present the explicit de Sitter supergravity action describing the interaction
of supergravity with an arbitrary number of chiral and vector multiplets as well
as one nilpotent chiral multiplet. The action has a non-Gaussian dependence on
the auxiliary field of the nilpotent multiplet, however, it can be integrated out for
an arbitrary matter-coupled supergravity. The general supergravity action with
a given Kahler potential K, superpotential W and vector matrix fsp interact-
ing with a nilpotent chiral multiplet consists of the standard supergravity action
defined by K, W and fap where the scalar in the nilpotent multiplet has to be re-
placed by a bilinear combination of the fermion in the nilpotent multiplet divided
by the Gaussian value of the auxiliary field. All additional contributions to the
action start with terms quartic and higher order in the fermion of the nilpotent
multiplet. These are given by a simple universal closed form expression.
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1 Introduction

A supergravity action, including fermion interactions, with non-linearly real-
ized spontaneously broken local supersymmetry was derived in [I, 2]. In case
of pure supergravity without scalars it was shown in [I] that de Sitter vacua
form a simple set of classical solutions of this theory. For a long time only
anti-de Sitter supergravity without scalars was known [3]. De Sitter vacua
are also natural for the theory with a single chiral multiplet, constructed in
[2]. The presence of a Volkov-Akulov (VA) type non-linearly realized super-
symmetry [4] in supergravity models [I], 2] leads to a natural uplifting of the
vacuum energy in all these models. This is in full agreement with the string
theory realization of the KKLT de Sitter vacua that use an anti-D3 brane [5].
The construction in [5] was recently described as a supersymmetric realiza-
tion of the KKLT uplifting with account of the fermions on the world-volume
of the anti-D3 brane [6]. Furthermore it was shown in [7] how this setup can
be realized in explicit warped string compactifications.

The purpose of this paper is to derive general and explicit supergravity
models with chiral and vector multiplets interacting with a nilpotent chiral
multiplet based on the superconformal formulation of this theory given in
[8]. This strategy was already used successfully in [I}, 2] where full actions
with fermions in models with a nilpotent multiplet and without matter mul-
tiplets or with a single chiral multiplet were derived. Meanwhile in [9] it was
proposed how to derive supergravities with a nilpotent multiplet for general
classes of models with any number of chiral and vector multiplets and with
generic K, W and fap. It was shown that one can use the same method as
in [I], namely to perform a non-Gaussian integration of the auxiliary field
resulting in a closed form action. A complete action in the unitary gauge was
presented in [9] for general matter coupling. Here we will derive the com-
plete action with fermions and with local supersymmetry for general matter
coupling.

The general action without a nilpotent multiplet is well known and we
will use here the framework presented in [I0]. Originally the corresponding
general supergravity-Yang-Mills action was derived from the superconformal
theory in [11, 12], 13].

The interest in a nilpotent chiral multiplet satisfying the nilpotency con-
dition in supergravity in applications to cosmology was initiated in [14] for
the VA-Starobinsky model. For a general supergravity, interacting with the



VA model, the superconformal construction was presented in [§]. It has been
shown in [I5] that the approach of using the constrained curvature superfield
is dual to the VA model coupled to supergravity. It was also shown recently
that one can use a complex linear goldstino superfield and build de Sitter
supergravity [16].

This interest in these new supergravity models was increased by the fact
that they facilitate the construction of early universe inflationary models
compatible with the data and the construction of de Sitter vacua for ex-
plaining dark energy and supersymmetry breaking, see for example [17] and
references therein. Such supergravity models in application to cosmology
require mostly the knowledge of the bosonic action of the theory, where the
rules are very simple: for the complete models one has to construct the
standard supergravity action defined by K, W and fsp. Once the action is
known, one has to take only the bosonic part of it and, moreover, set the
scalar field in the nilpotent multiplet to zero since the scalar in the nilpotent
multiplet, representing the VA theory, is a fermion bilinear. If the scalar in
the nilpotent multiplet is 2!, then the rule for obtaining the bosonic action
is

e_lﬁbosonic = e_l»cbOOk[K(Zaa 2&)7 W(Za)7 fAB(Za)] 1 _ )
2l=x=x=AA=1,=0
for a given choice of Kahler potential, superpotential and vector metric. Here
LPo%% is the standard supergravity action for a given choice of K, W and fag,
see also next section for details.

However, the knowledge of the bosonic action may not be sufficient for
studies of reheating of the universe in these models, as well as for studies
of particle physics, where the role of the fermions is important. A complete
action including fermions, with the bosonic part given in (.1, will be derived
here, following the proposal in [9].

2 Supergravity action with a nilpotent mul-
tiplet

The general supergravity Lagrangian for an arbitrary number of chiral and
vector multiplets coupled to supergravity is given for example in the book



[10] in equations (18.6)-(18.19) and takes the form
eilﬁbOOk = £kin -V + Em + Emix + £4f s (21)

where L, contains all the terms with spacetime derivatives of the fields. All
terms on the right-hand-side of eq. (2.1)) are defined in [I0]. The Lagrangian

is a function of all the physical fields £k = Ebo‘)k(efj, P, 2% 2% X, X4, A;‘, ).

We are interested in the case in which one of the chiral superfields in the
supergravity action is nilpotent. Without loss of generality we choose the first

one which leads to the constraint [I]: 2! = (;‘;)12 (and likewise z! = %)

What is the corresponding Lagrangian in this case? Clearly we cannot just
plug 2! = (gpf into the on-shell Lagrangian since we do not know what
F'is in the general supergravity model. What we actually need to do is to
start with an off-shell supergravity Lagrangian and then integrate out all the

F* to get the correct on-shell Lagrangian.

The corresponding off-shell supergravity action for an arbitrary number
of chiral and vector multiplets coupled to gravity is given by

6_1£off_she11 = (Fa - Fg)gaa(ﬁ@ - Fg) -+ 6_1£b00k, (22)
where P
Fg = —e2 g™ VW + (FS) | (2.3)
with
a\ f 1 a =B I BayA B
(Fe)' = U5 X°X7 + JJaag ™ A PrA”. (2.4)

Alternatively, we could have started with the off-shell supergravity action in
[12], eqs. (25)-(33), which is given in the form with all auxiliary fields not
integrated out. This set up was used in [2]. When the auxiliary fields A,
and FY are integrated out, the remaining action still has all auxiliary fields

F“ as shown in our eq. ([2.2)).
_ Od)?

Now since the Lagrangian £°°°% does depend on z! = orr it will also de-
pend on F'' and therefore it seems prohibitively difficult to explicitly integrate
it out. However, using a proposal made in [9] which includes a simplifying
assumption about the form of Kéahler potential we will derive the explicit

!We are using the conventions of [10] but we will set x = 1 and we define the short-hand
notations (x*)? = x!Prx! and (x)? = x! Prxt.
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on-shell Lagrangian in the next section. In particular, we assume that the
Kihler potential depends only on the product z'z! so that we have

K(,7,2'2") = Ko(+, 7) + 2'2' g1 (¢, 7). (2.5)

We also expand the holomorphic superpotential W and the holomorphic
gauge kinetic function f4p as follows

Wt 2" = Wo(2") + 2" Wi(2') = g(2") + 21 f(2),

fAB(Zl, Zi) = fABo(Zi) + Zl fABl(Zi> . (26)

With this assumption we will integrate out F' in the next section [3} This
involves taking into account a non-Gaussian dependence of the action on
the auxiliary field F''. This gives us the generic supergravity Lagrangian for
a nilpotent chiral superfield coupled to an arbitrary number of chiral and
vector multiplets:

12 (,1)2 1)2 2
e Loina = [6—1 EbOOkng;f _ Zi>g<1l)(f(l>;_)) . D;?;l) + B (2.7)
with
fto= i_ (—eKQO Wi+ 1fAB1)\APR)\B> ;
i1 4
Bz L 2.8)

Note that the last term in equation has already the maximal power of
the (undifferentiated) spinor x' so that we can drop all terms in B' that
contain ! or x!. We explicitly give the relevant part of B! for two examples
in section [l

One can see that the complete Lagrangian (2.7)) has the original form
with z! replaced by its ‘Gaussian value’ and there are some additional terms
that are at least quadratic in x'x!. On the basis of this expression we may

2Since (2')? = (21)2 =0 the only other term that could arise in the fully general Kéhler
potential is 2! f(z, 2%) + 2! f(2%, 2). Note that linear terms in z! (z!) that are multiplied
by a holomorphic (anti-holomorphic) function can be removed by a K&hler transformation.



conclude that the action with K, W and f4p generic (but with K dependence
on z'z') is given by the standard action with the following modifications:

After the standard action for K, W and f4p is presented as a function
of 2! and z!

=1
<

1. Replace z! by 2! = % and likewise for the conjugate z! = X

2. Add the quartic and higher order in spinors terms shown in the second
entry in eq. ({2.7)), where B! is given in (2.8) and more explicitly for
two examples in section [4]

3 Derivation of the matter-coupled supergrav-
ity action with a nilpotent multiplet

We start with the off-shell action ([2.2)) and we would like to integrate out

the auxiliary fields £'“. The dependence on F! is non-Gaussian since the

Lagrangian depends on 2! = % However, we can still trivially integrate

out all the other F? i =2,...,n and get

gii(FY — FL) + gis(FT — FL) = 0. (3.1)

The sub-matrix g¢;; is invertible in order to have a non-degenerate kinetic
term for the z*. Thus we find

(F7 = F}) = —(95) " ga(F" — F(), (32)
and the Lagrangian after integrating out the F* becomes

¢ Log—snen = (F' — Fg) (11 — glj(gji)ilgii)(pi - é) +e LM% (3.3)
Here e £k ig defined as an expansion in 2!, z!

e~ LPo%k = Z1 A + Bl 4+ B2t 4 O (3.4)

In order to solve for F'' we follow the approach described in [9]. Using the
Kéhler potential in equation (2.5)) which immediately implies that

91 = 2" 0ign1 g1z = 513@911 ; (3.5)



we rewrite the first term in the Lagrangian (3.3) as follows
(Fl - Fé)gﬁ(Fi - F(i;) - (Fl - F(];*)Zlgi(ajgﬁ)(Ko,ﬂ) (8 911)( FG) (3.6)

where we used that (g;)~" = (Koz) ' — 2" 2 (Ko7) " (Ko.im) " (810mg11) and
the fact that (2')? = 0.

When solving for F', following [I], one finds that F'' = F}, up to powers
of x! (see eqn. (A.24) in [1]). Since the second term in equation has
already the maximal power of x! because z'z* oc (x!)?(x!)? we find that the
second term does not contribute to the action at all. We show this explicitly
in appendix [A] Thus, we find that we are left with

6_1/;01{_511611 = (Fl — Fé)gﬂ(FI — 7617') + 6_1£b00k . (37)

Now following [9] we want to separate all the explicit 2!, ' dependence in
the first term of from the dependence on F' and F'. This will then
bring the Lagrangian into a form in which we can easily integrate out F
following the procedure developed in [I]. To do that we define the following
expansion coefficients that are independent of z! and z!

Fl o= Flo+ F2t + FLz' + FL 22t (3.8)

and likewise for Fé We present some details on the moduli space geometry
for our models in appendix [B] Using it, a straightforward calculation, given
in appendix , shows that F 4 L= F}, = 0 for the Kihler potential given in
equation ([2.5))

Now let us look at the term (F' — F%)gi7(F' — FL). We can absorb the
2" and 2'z' dependent terms of F} into F' by defining

Fl'=F' —FL2t —215FL (3.9)
This does not affect the nilpotency condition that fixes z! = (;‘F)l since
1)2
1_ () _ (x' 11
<= o1 o 2F’1 _ 2F1 ( 2F1 FG1+ZFG11>> : <3'1O>
Here we used that (x!)?z 2(x')? = 0. Likewise we can define

=

Fl=F' - FLzt - 3R (3.11)



This leads to
(F' = FQgu(F' = Fy) = (F" = Flo)gi(F = Fi). (3.12)
Putting everything together we can now rewrite the Lagrangian (3.7)) as

e 'L = (F'—FEr)gi(F' = FL) +2'Az' + B! + B2 + C'. (3.13)

We now introduce F = F''\ /g7, Foo = Frov/aii, 2 = 24/ /911 = (éF and
similarly for the conjugated quantities. We also define A = g;7A!, B =
V1B, C = C! to bring the Lagrangian into the formE|

e lﬁog_sheu = (F — FGO)(F — FGO) +ZAz+ Bz+ Bz +C. (314)
Now we can solve the equation for F' that is given by

6L(z, %, F, F) %5£(2,2,F,F) 6L(z,2,F,F)  20L(2,2 F,F)

OF oF 0z oF F

(3.15)
This was done for the Lagrangian (3.14) in the paper [I] (see in particular
appendix A.5). The resulting on-shell Lagrangian is given by

e Lonshen = [EA 24+ 2B+ Bz+C — 7 1_ (2Az + zB) (2Az + zB) }

a2 (3.16)
G0L'GO =

*=32Fag

Expressing this in our original variables we have

_ _ _ 1 - - 2
-1 _ 1 41 1 1nl 11 1 =1 411 -1 pl
€ Eonfsheu = |:Z Az +z B + Bz + C - W Z'A 2 +z B ]ZIZ(X1>2
115 Go+ Go 2FL,
1 - - 2
—1 pbook =1 411 =1 pl

= |le L ———— 2 A2 +2ZB } . 3.17
[ NiF el A= (347

GO

To make it fully explicit that the ‘new’ terms in the Lagrangian contain the
maximal power (x')*(x!)? of the undifferentiated spinor x', we can rewrite
the Lagrangian as

2

1(X1)2 ’ (318)

Bl
TN

6_1£ﬁ = |:6_1£b00k:| . (X1>2 (XT)2

1

_6h? 1 1 \2
z —;}éo 4911(FG’0FG0)

3Note that our definition of C' is different from the one used in [I.
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where the explicit expression for F/, is derived in appendix |C| and given by

1 Ko — 1 IR
Fgy = — <—e 2 Wi+ =(0g1)x'x' + _fABl/\APR)\B) : (3.19)
911 2 4
Note that A! in the above expression has to act with two derivatives on (y!)?
in order to give a non-zero expression. In the Lagrangian £"°°* in (3.4) the
relevant part of the 21 A'2! term which appears in the second term in ([3.18)
is

Eigﬁg“l’au&,zl = zlg;;02". (3.20)

Likewise, from B! and F/, only parts contribute that are independent of
the undifferentiated y' and y' since they appear in the above action with
the highest power of the spinor y!. We denote these parts by o' and f!,
respectively. We explicitly spell out b' for two examples in section 4] and f*
in appendix . Taking all this into account the Lagrangian simplifies
to our final result given in equation above.

4 Examples

In this section we discuss two examples of our general result. First we discuss
the simplest case of pure supergravity without chiral and vector multiplets.
The action in this case was first derived in [I] and [2]. Then we discuss
a pretty general case in which we allow for an arbitrary number of chiral
and vector multiplets and only make the assumption that the gauge kinetic
function fap and the moment maps P4 are independent of 2.

4.1 Pure dS supergravity

For the case of a single nilpotent chiral superfield coupled to supergravity
the most general Kahler and superpotential are given by

K=27" W=g+f, (4.1)

with ¢ and f complex constants. The corresponding action was derived in
[1] and [2] in two different superconformal gauges. The one we are using here
is based on the framework in [10].



Here we show how the action follows from our general answer given in
(2.7). For the simple Kihler and superpotential given in (4.1)) we find that
F}y = —f. This leads to the action

2

O(x")? (4.2)

1

o7 +b
where the explicit expression for b' can be read off from the general La-
grangian in eqns. (18.6)-(18.19) in [I0]. In particular, o, only take the
value 1 and we want to extract all terms that are linear in z' and indepen-
dent of 2! as described in equation . Furthermore, we can drop all terms
that contain the undifferentiated spinor x! or x! (after potentially integrating
by parts). This leaves us with only three terms, one coming from the scalar
potential V', one coming from the mass term of the gravitino and lastly one
term which comes from the term —l—\%z@,ﬁilv“xl in the action after partial
integration. The resulting answer is

1\2 (. 1\2
-1 —1 pbook (X ) (X )
Loweds = [ c } .
€ puredS € Zl:_(X;f)Q 4|f|4

1 1 -
bt =29f + S fuPLy" b, — Ewﬂwayxl . (4.3)

4.2 De Sitter supergravity coupled to chiral and vector
superfields

In this subsection we spell out the action in the case of an arbitrary number
of chiral and vector multiplets but we make the simplifying assumption that
the gauge kinetic function fip and the moment maps P, are independent of
z! (and z'). The action is given by

2

1\2 1\2 D(Xl)Q
71;6 el = 71£b00k . (X ) (X,,) _ bl 4.4
Ml = [T | = o g Y| (4
with
@_
o R Wi
g1
— O0-017 — _
bl = eKO |:2W0W1 + (Ko’ij)il (D071'W0> <%W1 - D()JW1>:|
11

1 _
—5(?&&1) [307911 + (205, — Zkak)ajgli}

10



1 ﬁ_ n nv 1 " VM 1 =]
—|—§e 2 Wﬁ/JMPL’y Y, — %@DM’Y O, X (gli + (ajgli)z )

1 x Y Jean )
—l—ZeTOfABj MPAP (Ko )™ ((3k +Kog) - ;19111) .
;03011 %911)

1K0

—~

—567 XX’ <D0,1D0,]— — + (KO,kl_)il(KO,kij) ( — — Do,z‘)) Wi
911 911

where we defined Dy; = 9; + Ko, and likewise Dy; = 0; + Ko ;. This explicit
expression for b' can again be read off from the action given in the book [10].
In particular, the first line arises from the scalar potential V', the second line
comes from the kinetic terms for the fermions and the third line contains the
generalization of the terms that we already found above in equation .
The fourth line comes from the gaugino mass term and the fifth from the
mass term for the y*. The last line contains a term coming from L in
equation (18.18) in [10].

Note that this fairly general case includes the dS supergravity action
coupled to a single chiral multiplet that was derived in [2].

5 Summary

We constructed the locally supersymmetric supergravity action for general
models with chiral and vector multiplets, presented in eq. . It depends
on all chiral multiplets, 2®: the nilpotent one z! and all other 2’ with i =
2,...,n. Our models are defined by K(z%, z%), W(z*) and fap(z®) given by
the following expressions

K(z*7%) = Ko, 7) + 2" 2 g1 (2, 7)
W(z*) = Wo(z") + 2'Wi(z"),
fap(z*) = fapo(2) + 2" fapi(2'). (5.1)

Here the choice of W and fap is most general, since (z')? = 0, whereas the

Kahler potential is assumed to depend on z!'Zz!.

Interesting features of de Sitter supergravity coupled to generic chiral

11



and vector multiplets and a nilpotent chiral multiplet became clear after the
complete action in eq. (2.7]) was derived:

1. The bosonic action is the standard supergravity action defined by
K(z%,z%), W(z%) and fap(z*) which depend on all chiral multiplets.
In this bosonic action one has to take z!' = 0.

2. The complete fermionic action up to terms quadratic in Xlxi is given
by the standard supergravity action defined by K(z%, z%), W(z*) and
fap(2%), in which z! has to be replaced by

1 i =T (XI)Q Ky == 3 12 I\VA B -
z 2911(2,2)7 —e2 WT(Z)+ZfABI(Z>/\ PrA . (5.2)

3. The complete fermionic action to all orders in fermions is given by the
standard supergravity action defined by K (z%,z%), W (z%) and fap(2%),
in which z! has to be replaced as shown in eq. . In addition to
this, a term quartic and higher order in fermions has to be added to
the action. It is given in closed form by the second term in eq. .

4. In the unitary gauge
X' =0, (5.3)
the action reduces to the standard supergravity action defined by K (2%, 2%),
W (z%) and fap(z®) taken at x' = 2! = 0 but with F' # 0:

1
gli(zia zi)
The non-linearly realized local supersymmetry of the action in the uni-
tary gauge x! = 0 is broken. The extra terms due to F! from the

nilpotent multiplet include the non-vanishing positive term in the po-
tential

Ko—ou - 1 - o
Fl‘zllezo = (—e;)Wi(Z ) + ZfABi(Zl)AAPR)\B) . (54)

V = 5o (2929 (2, 2 > 0 (5.5)

as well as some fermionic terms in case that fap dependsﬁ on z'. This
is the basic feature of all de Sitter supergravity models, the leftover
of the positive energy term even in the unitary local supersymmetry
gauge in which the VA fermion is absent.

“4In string theory constructions of the nilpotent multiplet via the anti-D3-brane one may
argue that fap does not depend on z! [7]. In such case, the only effect of the nilpotent
multiplet in the supergravity unitary gauge x' = 0 is the vacuum energy uplift (5.5)).

12



In conclusion, in this paper we have constructed a locally supersymmetric
supergravity action for the case with a nilpotent multiplet and generic chiral
and vectors multiplets. This creates a consistent framework for the investi-
gation of phenomenological consequences of theories with nilpotent fields for
particle physics and cosmology.
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A Vanishing of the extra term

In this section we show explicitly that the second term in (3.6) does not

contribute to the final on-shell action. We first recall that F'z! = F 1% =
# is F' independent (and likewise for F1z'). This allows us to rewrite the

second term in the Lagrangian (3.6), which due to the factor 21z! can only
depend on F}, and FZ, (see equation (3.8)) for the definition)

—(F' — Féo)zlzi(ajgﬂ)(KO,ji)_l(aigli)<Fi - Féo)

= (8,011)(Ko) " (0s911) [ — 111 ol 1<X1)2F1 =1 (Xl)QFi _
= (03911) (Kozi) ™~ (Oign1) | =2 2 Faolgo + 2 cot 2z GO

So we see that the explicit F'!, F! dependence completely disappears. The
above terms then become a correction to that of course also does not
have an explicit dependence on F' and F'. In particular we find that the
coefficient A', B', B' and C"' get the following extra contributions

AAY = —MELEL .
1 (X1)2 =1

13



(x')?

ABl = M FC1$'07
1\2/,,1)2
AC — _M<X)4<X) | (4.2)
with
M = (05911) (Koz) ™ (93911) - (A.3)

Then we can proceed as in section 3 and integrate out F'. The final action
expressed in our original variables takes the form (cf. eqn. (3.17)))

e Lonsnen = |2 (AT + AAY 21 1 1B+ ABY) + (B + ABY)F 1 (CF + ACY
_ 1 BN 1.1, 21 pl NG
e E(A 4 AAY 4 ZY(B + ABY) ] .
] iF el G Zl:(;fvgio
_ eflﬁbook_i_ZiAAlzl_'_ZlABl_i_ABlZi+A01
i ) ) - i
1 = 2114121 + 3121 + EIAAIZI + ABIEI‘ )2 (A4)
g1kl co ST
0
Now we note that using the explicit expressions in (A.2)) we find
_ 12 (12
AAAZ = AC _ X
L1 h)? 4
2Fé,o B
) 12 (12
ZlAB‘ L2 = AB?I‘ a2 = —i—MM (A5)
z —@ z —@ 4
This implies that
[zi AA' '+ 'AB' + AB'Z' + Acl} e =0, (A.6)
1:21(!«’1)
GO
We also see from (A.5) that
[zi AAZ + ABzi] e =0 (A7)
Z1:2Fc1;0

Thus we have explicitly shown that the Lagrangian ({A.4) reduces to the one
in equation (3.17)).
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B Inverse Kahler metric and Christoffel sym-
bols

From the Kéhler metric as given in eqn. ([2.5)) we trivially find the following
expansion in z' and z*

Jgi1 = gﬂ(ziazi)a

g1z = Eialgli 3
giai = < aigli7 B
gi; = Ko+ lelaiajgli . (B.1)

Contracting the Kéhler metric g,z with its inverse we find the following
relations

gig +oug" = 1,
gi19" + 99" = 0,
919" + 99" = 0,
919" + g9isg" = 6" (B.2)
Now we recall that
(g7) 7" = (Kozi) ™ = 2" 2 (Koz) ™ (Kom) ™' 00mgni (B.3)
and use the above (B.2)) to find the expansion of the inverse metric
7 1 1 —8—-Ki—_18i-
g = =+ 2121( 5911)( 0,])2 (9ig11) ’
911 — 915(9i7) 91 éhi -1( ) (911)
7 _ 1 Ko i7) " (01
g7 = —(gi) 'gug't = - p. = (B.4)
11

g7 = (i)~ <5ik — 9z191k>

1 K 7 -1 81 1 K m -1 am 1
_ (KO,kj>_1 _ A [(Ko,jl)_l(Ko,km)_lazamgu . (Kosi7) " (0ig11) (Ko pm) " (Omg11)

g11

)

The Christoffel symbols for the Kéahler manifold are given by I'y, =

gagaggwg. For the Christoffel symbols with upper index o = 1 we explic-
itly find

I, = ¢"opr+ ¢ g =0,

15



Iy = 911819i1+917819ij
%t + 2tz (((97;911)(35911)(K07k3_)—1(8k911) B (81'8]'911)(K0,k7>_1(akgH))
911 (911)2 ) i
i 3 0,0:011  (Kou) 0911
ng = g“aigﬂ +91k3igj,; _ ! < 911 (Kour) ™ (O 11)K0 iﬂg)

911 911

Y

(B.5)

C The expansion of F}

Using the equations from the previous appendix we can now expand F} to
get the explicit expression for F, = FA|i_.i_,. We Will also show that
Fl— =0, i.e. that F}, has no terms that only depend on z! and not on 2!. Tt
then follows automatically that its complex conjugate FG1 vanishes as well.

Let us first recall the definition of F} in eqns. and (2.4)),
K 15— — 1 3 _ _—
Fy=—e2g""VaW + §r}hxﬁxv + Z—lfABBgm)\APR)\B : (C.1)
Expanding the bosonic part in powers of z! and z! we find using (B.4) that
% (¢""ViW + gV

151, S o o VG
= ¥ (1 + %) (911(W1 + 2l grW) — zl( 057)_ (9911) ;W)

Since W7 is independent of z1 we see that the above expression contains no
term linear in z! (and independent of z1).

1

The term 5T'4 X”x” can only have a term linear in ZAf T ., has such a

3
term. However, from the explicit expressions in equation (B.5)) we see that
this is not the case. In particular, we find the expansion

1 31 & T
2F1 T = %—k@(zl 2121) (C.3)

Finally, we see that the gaugino term can be expanded as

12 31 1/2 1 =\~ f
1Fansg " XAPRXE = < (Fapig™ + Famg™ ) N PeA” =
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and does not hav_e a linear term in #! either. So we conclude that Fcl; has no
linear terms in z' and therefore by definition we have F Clﬁ = 0.

Gathering the terms in (C.2))-(C.4]) we find

1 Ko — 1 a1 o
Fay = P (—e @ Wi+ 5(91'911)XIX + ZfABl/\APRAB> : (C.5)
11

As discussed above, in the action F}, always appears multiplied by (x!)* =
¥'x! like for example in

g 0 g 3 3(0:011)X' X" + § fapi A PrA? (C.6)
¢ 25, 25" Wy n>0 e Wi
Since (x})?*x!'x’ = 0 we can drop the term linear in y! and find
S (x")? _ gu(x')? le]?ABTS\APR)\B _ (x")? (C.7)
G = = — e - ’ ’
2F ¢, %% Wi o e Wi 211

where we defined f! = é <—e% Wi+ 1 fapiA*PrAP ) to contain all the

terms in F}, that are independent of x!.

N——
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