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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 Kéhler potential
K, superpotential W and vector matrix f,p interacting with a nilpotent chiral multiplet consists of the
standard supergravity action defined by K, W and f 45 where the scalar in the nilpotent multiplet has to be
replaced 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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I. INTRODUCTION

A supergravity action, including fermion interactions,
with nonlinearly realized spontaneously broken local
supersymmetry was derived in [1,2]. In the case of pure
supergravity without scalars it was shown in [1] that de
Sitter (dS) 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 nonlinearly realized supersymmetry [4] in
supergravity models [1,2] 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 inter-
acting with a nilpotent chiral multiplet based on the super-
conformal formulation of this theory given in [8]. This
strategy was already used successfully in [1,2] where full
actions with fermions in models with a nilpotent multiplet
and without matter multiplets 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 f , 5. It was shown that one can use the
same method as in [1], namely to perform a non-Gaussian
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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
complete 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
[10]. Originally the corresponding general supergravity-
Yang-Mills action was derived from the superconformal
theory in [11-13].

The interest in a nilpotent chiral multiplet satisfying the
nilpotency condition 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
[8]. It has been shown in [15] 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 explaining
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 f43.
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 z!, then the rule for
obtaining the bosonic action is
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e_lﬁbosonic
_I‘Cbmk[ ( ) W(Z ) fAB(Za)”z ==y"==y =07
a=1,...,n, (1.1)

for a given choice of Kihler potential, superpotential and
vector metric. Here £ is the standard supergravity
action for a given choice of K, W and f,5; see also the
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 com-
plete action including fermions, with the bosonic part
given in (1.1), will be derived here, following the proposal
in [9].

II. SUPERGRAVITY ACTION WITH A
NILPOTENT MULTIPLET

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
Eqgs. (18.6)—(18.19) and takes the form

et Lhook = Liin =V + Loy + Linix + Lag, (21)
where Ly;, contains all the terms with spacetime derivatives
of the fields. All terms on the right-hand side of Eq. (2.1)
are defined in [10]. The Lagrangian is a function of all the
physical fields £200% = £P0K(ed yr, 2% 7% 7 x® A% 24).

We are interested in the case in which one of the ch1ral

superfields in the supergravity action is nilpotent. Without
loss of generality we choose the first one which leads to the

constraint [1]: z! = 5 F‘ (and likewise 7' = (X_, ). What is

the corresponding Lagrangian in this case" Clearly we
cannot just plug z! = %
(2.1) 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.

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

e_l‘coff—shell = (Fa - F‘é)gaa(l_?a — F‘Z;) + e~ 1 Lbook

(2.2)
where
Fg = —eXgPVW + (F&) (2.3)
with
1 1. .
(F&) = 5%)(/’)(7 + ZfAB/}Qﬂa/IAPRﬂB- (2.4)

Alternatively, we could have started with the off-shell
supergravity action in [12], egs. (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 F 0
are integrated out, the remaining action still has all auxiliary
fields F* as shown in our Eq. (2.2).

Now since the Lagrangian £°°°% does depend on z!

()2(F>' it will also depend 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 Kihler potential
we will derive the explicit on-shell Lagrangian in the next
section. In particular, we assume that the Kéhler potential
depends only on the product z'Z' so that we have®
K(7,7,2'7") = Ko(21,7) + 2291 (2, 7). (2.5)
We also expand the holomorphic superpotential W and the
holomorphic gauge kinetic function f,5 as follows,

W(z!, ')
fAB(Zlei)

= Wo(2) +2'Wy(z') = g(z') + 2'£(2),

= fapo(Z) + 2" fai (2). (2.6)
With this assumption we will integrate out F' in Sec. III.
This involves taking into account a non-Gaussian depend-
ence 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:

-1 _
e Lina = [e

—1 Lbook] W2 —

'We are using the conventions of [10] but we will set x =1 and we define the short-hand notations (y' 2 =7"Py" and

()() =7'Pry".
*Since (z')?

linear terms in z!

(
(

z!
Zl

)2 = 0 the only other term that could arise in the fully general Kiihler potential is z' f (27, z') + z'f(z', 7'). Note that
) that are multiplied by a holomorphic (anti-holomorphic) function can be removed by a Kéhler transformation.
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1 - 1- -

fl= o <—6K20Wi + 4fABi/1APR/13>v
11

» 5£b(iok

Bl=e¢
57!

(2.8)

=z1=0

Note that the last term in Eq. (2.7) has already the maximal
power of the (undifferentiated) spinor y' so that we can
drop all terms in B! that contain y' or y'. We explicitly give
the relevant part of B' for two examples in Sec. IV.

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

' 7' On the basis of this expression we may conclude that
the action with K, W and f,p generic (but with K

dependence on z'z1) is given by the standard action with
the following modifications:
After the standard action for K, W and f,p is presented

as a function of z! and z!
(1) Replace z! by z! =
')’
2ft”
(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 Sec. IV.

)’

o and likewise for the con-

jugate 7l =

III. DERIVATION OF THE MATTER-COUPLED
SUPERGRAVITY ACTION WITH A
NILPOTENT MULTIPLET

We start with the off-shell action (2.2) and we would like
to integrate out the auxiliary fields F*. The dependence on
F' is non-Gaussian since the Lagrangian depends on
7= % However, we can still trivially integrate out all
the other F', i =2, ...,n and get

gii(FI_FE;)Jngy(Fj_FJG):0- (3.1)
The submatrix g;; is invertible in order to have a non-
degenerate kinetic term for the z'. Thus, we find

(F1 - F) = _(9,71')_191'1(1_7I - F};), (3.2)

and the Lagrangian after integrating out the F' becomes

e_lﬁoff-sheu = (Fl - FlG)(Qli - 91](971')_19&)(1?1 - F%})

4 o=l chook, (3.3)
Here ¢! £k is defined as an expansion in z!, z':
emILhook —ZlAlZl 4 BlZ 4 Bl 4 C1. (3.4)
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In order to solve for F!, we follow the approach described
in [9]. Using the Kéhler potential in Eq. (2.5) which
immediately implies that

g1 = 2'0i411. 9 = 20911 (3.5)

we rewrite the first term in the Lagrangian (3.3) as follows,

(F' = F&)gi1(F' - F§)
— (F' = F§)2'21(0;911) (Ko i) ™ (9,911) (FT = F,),
(3.6)

where we used that (g;;)~'=(Koj) ' —2'2" (Koj) '
(Ko.im)~1(0,07,9,7) and the fact that (z')? = 0.

When solving for F!, following [1], one finds that F! =
F& up to powers of y! (see Eq. (A.24) in [1]). Since the
second term in Eq. (3.6) has already the maximal power of
2" because z'z" o (y')?(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

e Loganen = (F' = F§)gii(F' = Ff) + e L%,
(3.7)

Now following [9] we want to separate all the explicit z!, z!
dependence in the first term of (3.7) 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!,

1 _ 1l 1 1 1 =1 1 151
Fo=Fo+Fgz +F7 +F 27,

(3.8)
and likewise for F é; We present some details on the moduli
space geometry for our models in Appendix B. Using it,
a straightforward calculation given in Appendix C,
shows that Fy,; = F; = 0 for the Kihler potential given
in Eq. (2.5). o

Now let us look at the term (F! — FL)g,1(F! — FL). We
can absorb the z! and z'z' dependent terms of F}; into F'
by defining

N gl _pl 1 1z1pl
F'r=F —Fgz —2 2 Fg;

(3.9)
This does not affect the nilpotency condition that fixes
1@

Z = oFT simce
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T )

Sy Y TR Yol 2F!

(3.10)

Here we used that (y!)2z! o« (y!)?(y')? = 0. Likewise, we
can define

(3.11)
This leads to

(Fl —1':10)911(1'_:I —Fé> = (Fll —F};O)gli(Fli —Féo)-
(3

Putting everything together, we can now rewrite the
Lagrangian (3.7) as
'L = (F" — Flo)gii(F — Fiy) +2'Ac!

+Bz' + B + (. (3.13)

We now introduce F = F''\/g;7, Fgo = Fo\/011, 2=
2/ = (g;F)z and similarly for the conjugated quantities.
We also define A = g,7A', B = \/g;iB', C = C' to bring
the Lagrangian into the form®

e Logeshen = (F — Fgo)(F — Fgp) + 2Az

+Bz+ Bz +C. (3.14)

Now we can solve the equation for F that is given by

8L(z,2,F,F) 0z 6L(z,%,F,F)
oF OF 0z
1) Z,F. F 1) Z,F. F
JOEREEE) OLREEE)_ 5
OF F ¥4

This was done for the Lagrangian (3.14) in the paper [1]
(see, in particular, Appendix A.5). The resulting on-shell
Lagrangian is given by

eil'con—shell = |ZAz + ZB +B7z+C

(ZAz + zB)(zAZ +zB)

7=

e
2FGO

(3.16)

FGOFGO

Expressing this in our original variables, we have

*Note that our definition of C is different from the one
used in [1].
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eil‘con-shell = |:ZTA1Z1 +ZlBl _'_BlzT + Cl

— |:e—1£b00k _ _—
gliFGOFGo

x [z!AlZ] +le'\2] o (3.17)

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

—1 __ [,—1 pbook
e Ling = [e7' L ]Zl_u‘ﬂ
o]

()(])20(1)2 ‘Al (Zl)2+31

- &l 1
4911(F100F100)2 2F g

2
. (3.18)

where the explicit expression for Fj, is derived in
Appendix C and given by

1 Ko ~ 1 P
Fig = a (‘eTOWI + E(ai!]ﬂ)ﬂ(l)(’ + ZfABT’lAPRiB>~
(3.19)

Note that A' in the above expression has to act with two
derivatives on (y')? in order to give a nonzero expression.
In the Lagrangian £°°% in (3.4) the relevant part of the
zTA'z! term which appears in the second term in (3.18) is

210,1970,0,' = 21g,;02". (3.20)

Likewise, from B! and F[, the only parts that contribute

are those independent of the undifferentiated y' and )(I
since they appear in the above action with the highest
power of the spinor y!. We denote these parts by 5! and f!,
respectively. We explicitly spell out b' for two examples in
Sec. IVand f! in Appendix C. Taking all this into account,
the Lagrangian (3.18) simplifies to our final result given in
Eq. (2.7) above.

IV. EXAMPLES

In this section we discuss two examples of our general
result. First we discuss the simplest case of pure super-
gravity without chiral and vector multiplets. The action in
this case was first derived in [1] 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 f,z and the
moment maps P, are independent of z'.
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A. Pure dS supergravity

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

K=z'7z!,  W=g+f, (4.1)
with g 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 Kéhler and super-
potential given in (4.1), we find that Fj;, = —£. This leads
to the action

e_l*cpure ds = [e—l‘cbookle_%?)z
1\20,,1\2 1)2 2
WU BEE P
4(f| 2f

where the explicit expression for b' can be read off from the
general Lagrangian in Eqs. (18.6)-(18.19) in [10]. In
|

—1 __ [,—1 pbook
e Lena = [e L ]Zl :(11)12
2f

ajgli

911

e
2 NG
1 Ko _- -, = - a;a-g 1
—5670 2/ (DoiDo; — J_” <K0kl>_1(K0,k77)(
g1
where we defined Dj; =0;+K,; and likewise

Dy; = O0; + K. This explicit expression for b' can again
be read off from the action given in Ref. [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 Eq. (4.3). 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
Lonix in Eq. (18.18) in [10].

Note that this fairly general case includes the dS super-
gravity action coupled to a single chiral multiplet that was
derived in [2].
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particular, «, f only take the value 1 and we want to

extract all terms that are linear in z! and independent of z!
as described in Eq. (2.8). Furthermore, we can drop all
terms that contain the undifferentiated spinor y! or y' (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, finally,
one term which comes from the term + % W07 Tyty! in the

action after partial integration. The resulting answer is
b' = 2gf 1_'P ad 1'””61 4.3
= 20f + 5 S0Py = S0 1 O (4.3)

B. 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 f,p and the moment maps P, are independent of

z! (and z1). The action is given by

2

) D(xl)z

)20
4911(f1J_Cl)2

: + b, (4.4)

911 2f1

L 1 . .
Wi — Do,yWiﬂ ~3 (7 0x") 305911 + (ZX0; — 2*0k) 959,1]

Ha 1 I P _ 92017\ =
e Wi, Pry*w, ——=w, " v o.x (911 + (0;911)7) +ZezofABj/1APL/IB<KO,jI_<) ! <(812 + Kox) — ) II)WT

(1) =

g1

- 1 k- - -
—Dy7 | |Wi+—=e2Dy;Wit'y -y, 4.5
o,1>> 1 NG 0 WiXrY v (4.5)

V. SUMMARY

We constructed the locally supersymmetric supergravity
action for general models with chiral and vector multiplets,
presented in Eq. (2.7). It depends on all chiral multiplets,
7% the nilpotent one z' and all other z' with i =2, ..., n.
Our models are defined by K(z%,z%), W(z%) and f,p(z%)
given by the following expressions

K(z%.7%) = Ko(z, 7) + 22 9,1 (2", 7).
W(z%) = Wo(2') + 2! W, (),

Jap(2%) = fapo(2') + 2" fapi (7). (5.1)
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Here the choice of W and f,p is most general, since
(z')?2 = 0, whereas the Kibhler potential is assumed to
depend on z'z'.

Interesting features of de Sitter supergravity coupled to
generic chiral 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 y'y! is given by the standard supergravity action
defined by K(z%,z%), W(z*) and f,p(z%), in which
z! has to be replaced by

12
Z! :911(21’51)%

Ky — N 1- o —1
X (—eTOWI(Z’) —&-ZfABl(Z’)ﬂAPR/IB) )

(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 f,5(z%), in
which z! has to be replaced as shown in Eq. (5.2).
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. (2.7).
(4) In the unitary gauge
7' =0, (5.3)

the action reduces to the standard supergravity
action defined by K(z% z%), W(z*) and f4p(z%)
taken at y' = z!' = 0 but with F! # 0:

F! ’zl=)(1=0 =

The nonlinearly realized local supersymmetry of
the action in the unitary gauge y' = 0 is broken.
The extra terms due to F! from the nilpotent
multiplet include the nonvanishing positive term
in the potential

V= eEDW ()P (7)) >0, (5.5)
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as well as some fermionic terms in the case where f 45
depends4 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.

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 multip-
lets. This creates a consistent framework for the inves-
tigation of phenomenological consequences of theories
with nilpotent fields for particle physics and cosmology.
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APPENDIX 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! % = @
(and likewise for F’ T21). This allows us to rewrite the second

term in the Lagrangian (3.6), which due to the factor 17!

is F' independent

can only depend on FL, and FL, (see Eq. (3.8) for the
definition)

- (Fl _FlGO)leT(ajgli)(KO,]i)il (31'911)(1?7_ —Fg;o)

_ . 1\2
_(87911)(K0,ﬁ)](81'911)(—21211‘"&017504-1' 2) FL,
(12 1\2(,,1\2

So we see that the explicit F!, F' dependence completely
disappears. The above terms then become a correction to
(3.4) 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,

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

105010-6



DE SITTER SUPERGRAVITY MODEL BUILDING

PHYSICAL REVIEW D 92, 105010 (2015)

AA" = —MFL FL,

AB' = M

AB! = M

with

M = (0;011) (Ko )" (8;911)-

2
')

2
AC! :_MM

()(] )2 FiGO’
Fgo,
P (A2)
(A3)

Then we can proceed as in Sec. III and integrate out F'. The final action expressed in our original variables takes the form

[cf. Eq. (3.17)]

elcmﬂmf:%%A1+AAUH+z%BI+ABU+(BI+ABU?+(C1+ACW

1

_7|ZI(A1+AA1)Z1+ZI<B1+ABI)|2

ngFlGOFé?O

= [e—lcbooknimlzl +z'AB' + AB'Z' + AC' -

Now we note that using the explicit expressions in (A2) we
find

1\2(,,1)2
ZIAAZI|] Ggp = AC ——./\/l(){) ) ,
Sy 4
GO
. 1y2(,,112
SAB|, i = MBI, =+ MU ()
2r}lo 2r£0 4
This implies that
[Z'AA'Z' + ' AB' + AB'Z! + ACY] | 12 =0. (A6)
F,
We also see from (AS5) that
[Z'AAZ' + ABZ'] | ip =0, (A7)

1
7=t
ZFGO

Thus, we have explicitly shown that the Lagrangian (A4)
reduces to the one in Eq. (3.17).

APPENDIX B: INVERSE KAHLER METRIC AND
CHRISTOFFEL SYMBOLS

From the Kéhler metric as given in Eq. (2.5) we trivially
find the following expansion in z' and z!

il

911F o o 2 :%
(A4)
9ii = 9112, 7),
gr =201
gi1 = 7' i1,
957 = Koy +2'2'0:0;911. (B1)

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

gig" +gpd" = 1.
919" + 9139 = 0.
919" + ggt =0,
919" + gig™* = 8~.

Now we recall that

(9]1‘)71 = (Ko,ﬁy1 - ZIZI(Ko.jl)fl(Ko.im)flazamgﬁs
(B3)

and use the above (B2) to find the expansion of the inverse
metric
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1

1 _

g = —
a1 — 91;(9;7) 19[1
0 0 (Kes) @)
i (911)?
; _ i (Ko.7)""(9:911)
g7 = —(g9;5) ' gag" = = %’
11

g = (gij)_1(5ik - giigik)
= (Koyg)™' —2'2! |:(K0,jl>_1(KO,krh)_lalarhgll

_ (Ko,ij)_l(3i91T)9(K0,km)_1(8ﬁ191T) ' (B4)

The Christoffel symbols for the Kéhler manifold are
given by I, = g“éaﬂgy;;. For the Christoffel symbols with
upper index a = 1 we explicitly find

I}, =4¢"0,9;1 + 90,91, = 0,
Il = ¢'"019:1 + 970195

_ Oigii 45l <(5i91i)(3191i)(1(g,kj)_1(5k911>
a1 (911)
 (0:05911) (Kouy) ™! (akgli)>
911 '

lej = ¢"0:9;1 + 9" 0igz

B 1(31‘3,;911 B (Kox) " (D1911) K )
=2z N - 0,ijk |-
91 911

(B5)

APPENDIX C: THE EXPANSION OF F},

Using the equations from the previous appendix we can
now expand Fj to get the explicit expression for
Fo = Fgli_si_g. We will also show that Fi.; =0, i.e.
that F(; has no terms that only depend on zl and not on z'.
It then follows automatically that its complex conjugate
FL, vanishes as well.

Let us first recall the definition of Fj; in Egs. (2.3)
and (2.4),

M 1o -
Fo = =2 "W + ST, 207 + 3 Fanpd 7 Pra.
(C1)

Expanding the bosonic part in powers of z' and z! we find
using (B4) that

PHYSICAL REVIEW D 92, 105010 (2015)

2
1 (KO /t)il (a/gli) vv—v)
gi1 l
eW; -
= L+0(Z',7'7") (C2)
911

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

The term 5T} 77y can only have a term linear in zlif Iy,
has such a term. However, from the explicit expressions in

Eq. (BS5) we see that this is not the case. In particular, we
find the expansion

1 (Digi)7'x' I)'

1l 5Byr — 1 1z
Up X 20 +0(z", 7'z (C3)

2 b

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

Lo 5 |
ZfABﬁgﬁuAPRAB = Z(fABTg“ + fapg ')A PP
_ Jamh Pei®

+0(z", 7'z
4911

(C4)

and does not have a linear term in z! either. So we conclude
that F}; has no linear terms in z' and therefore by definition
we have F; = 0.

Gathering the terms in (C2)—(C4) we find

1 Ky = 1 1.
Fio = o <—370WI + E(aigli))(l)(l + ZfABIﬁAPRﬂB)
(Cs)

As discussed above, in the action F(,, always appears
multiplied by (y')?> = 7'y' like for example in

1\2
25 = ()(])
2F
(1,112 l(a _)—1 l_|_l}‘ ‘/_1AP ﬂB n
:_911(Z> (2 iNTIX X T 3] ABI R )
ZC%WI >0 C%WI

(Co)

Since (y')*7'y' =0 we can drop the term linear in y!
and find
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ol s (et o
G — - _ _ - )

2F£;0 ZC%WI n>0 C%WI 2f1
where we defined f! = L (—e?W; + 1 FapiA*PgaB) to contain all the terms in F{, that are independent of y'.
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