downl oaded: 25.4.2024

.org/10. 7892/ boris. 95514 |

https://doi

source:

PROCEEDINGS

OF SCIENCE

The coupling of non-linear Supersymmetry to
Supergravity

Ignatios Antoniadis

Laboratoire de Physique Théorique et Hautes Energies , UMR CNRS 7589, Sorbonne
Universités, UPMC Paris 6, 75005 Paris, France

Albert Einstein Center for Fundamental Physics, Institute for Theoretical Physics,
University of Bern, Sidlestrasse 5, 3012 Bern, Switzerland

E-mail: antoniad@lpthe. jussieu. fr
Chrysoula Markou*

Laboratoire de Physique Théorique et Hautes Energies, UMR CNRS 7589, Sorbonne
Universités, UPMC Paris 6, 75005 Paris, France

E-mail: chrysoula@lpthe. jussieu.fr

The present proceedings material is based on [1], where we study the coupling of non-linear su-
persymmetry to supergravity. The goldstino nilpotent superfield of global supersymmetry coupled
to supergravity is described by a geometric action of the chiral curvature superfield Z subject to
the constraint (% — A)? = 0 with an appropriate constant A. This constraint can be found as the
decoupling limit of the scalar partner of the goldstino in a class of f(Z%) supergravity theories.

Proceedings of the Corfu Summer Institute 2015 "School and Workshops on Elementary Particle Physics
and Gravity"

1-27 September 2015

Corfu, Greece

*Speaker.

(© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/


mailto:antoniad@lpthe.jussieu.fr
mailto:chrysoula@lpthe.jussieu.fr

The coupling of non-linear Supersymmetry to Supergravity Chrysoula Markou

1. Introduction

Studies of non-linear supersymmetric actions have been revived recently due to potential in-
teresting applications in particle physics [2] and cosmology [3, 4, 5] and their realization in par-
ticular string compactifications [6, 7]. Indeed, effective actions with non-linear supersymmetry
parametrize in a model independent way the effects of supersymmetry breaking at low energies
compared to the mass of the sgoldstino (supersymmetric partner of the goldstino) which is in gen-
eral of the order of the supersymmetry breaking scale at the ‘hidden’ sector. The goldstino on the
other hand, although part of the massive gravitino providing its longitudinal degrees of freedom, is
always in the low-energy spectrum since it becomes massless in the absence of gravity and interacts
with a strength fixed by the supersymmetry breaking scale, in contrast to the transverse gravitino
components that become free and decouple. In the string theory context, non-linear supersymme-
try appears naturally on the world-volume of D-branes realizing the broken supersymmetries of the
bulk. It can then even remain an exact symmetry of certain vacua, if for instance the orientifold
projection respects it [0, 8].

At the global level, a convenient way to write off-shell non-linear supersymmetric actions is
by utilizing a nilpotent chiral superfield [9, 10, 11, 12]. In analogy to ordinary non-linear sigma-
models, the constraint eliminates the sgolsdtino component, playing the role of the radial Higgs
mode, and replaces it by a goldstino bilinear. In the absence of matter fields, the low-energy action
(i.e. without higher order super-derivatives) is completely determined in terms of the goldstino
decay constant (or equivalently the supersymmetry breaking scale), and reproduces [12, 13] the
Volkov-Akulov action [14] on-shell. Indeed, the most general Kihler potential is canonical and the
superpotenial is linear in the nilpotent goldstino superfield. In the presence of matter, the simple
nilpotent constraint may change if some matter fields have superheavy superpartners (of the order
of the sgoldstino mass) [15], but it remains valid if all other extra fields belong to ordinary linear
supermultiplets [2].

The coupling to supergravity is straightforward since the constraint does not involve any
derivatives [3]. The superpotential now admits also a constant piece, allowing for an arbitrary
cosmological constant of any sign and space-time to be anti-de Sitter, de Sitter or flat. In flat space,
the gravitino mass is given by the usual relation in terms of the supersymmetry breaking scale and
the Planck mass. In the unitary gauge, the action is reduced to the ordinary N = 1 supergravity with
a mass term for the gravitino that has absorbed the goldstino. The theory has an alternative geo-
metric formulation in terms of the chiral curvature superfield % that obeys an appropriate quadratic
constraint (% — 4)? = 0 with A a constant [3, 16, 17].

In this work, we first show the equivalence of the two formulations of non-linear supersymme-
try coupled to supergravity by computing explicitly the two actions in components. An alternative
way to obtain the constraint is to add it in the action with an independent coupling-coefficient p and
take the limit p — oo. The resulting %2 supergravity contains besides the graviton and the gravitino
the degrees of freedom of a chiral multiplet that should play the role of the goldstino multiplet. It
turns out however, that this theory does not have a minimum in flat space for finite p, while starting
from a de Sitter minimum, the decoupling limit of the sgoldstino, and thus of non-linear supersym-
metry, does not exist. We then study a general class of /(%) N = 1 supergravity theories [18, 19]
that satisfy the required limit in flat space; the mass of the extra complex scalar goes to infinity in
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a Minkowski minimum of the scalar potential and the geometric constraint for the chiral curvature
is recovered.

The structure of the presented material is the following. In Section 2, we show the equivalence
between the two formulations of non-linear supersymmetry coupled to N = 1 supergravity using
first a formal argument with superfields and then by comparing the two effective actions in com-
ponents. We find two possible values for the constant A entering the geometric constraint: A = 0
and A = 6W, with W, a constant superpotential. In Section 3, we recover this constraint in the
sgoldstino decoupling limit of a particular class of f() supergravity theory that we construct as a
Taylor series expansion around a flat space minimum of the corresponding scalar potential. Finally,
in Appendix A we give some details for the derivation of the solution of the geometric constraint,
while in Appendix B we show why an %2 supergravity does not have a stable supersymmetry
breaking vacuum that reproduces the constraint in a suitable limit.

2. Two equivalent Lagrangians

In the constrained superfield formalism of non-linear supersymmetry, the goldstino is de-
scribed by the fermionic component of a chiral superfield X, that satisfies the nilpotent constraint
X2=019, 10, 11, 12]. The scalar component (sgoldstino) is then eliminated by the constraint
and is replaced by a goldstino bilinear. The most general low energy (without super-derivatives)
Lagrangian, invariant (upon space-time integration) under global supersymmetry, is then given by

gVA = [XX]D—‘F([fX]F +h.C.), (2.1)

where f # 0 is a complex parameter. The subscripts D and F denote D and F-term densities,
integrated over the full or the chiral superspace, respectively, and correspond to the Kéhler potential
and superpotential of N = 1 supersymmetry. It can be shown [12, 13] that .£y4 is equivalent to the
Volkov-Akulov Lagrangian [14] on-shell.

The coupling to supergravity in the superconformal context [20], [21], (2.1) takes the form

£ =—[(1-XX)SoSo0] , + <[(fX +Wo + %TX%SS}F +h.c.> : 2.2)

where we have used the superconformal tensor calculus [22], [23] with Sp being the superconfor-
mal compensator superfield. We have also used a Lagrange multiplier 7 in order to impose the
constraint X2 = 0 explicitly in .#, while the factor % is put merely for convenience. W, is a com-
plex constant parameter whose importance will appear shortly. The Kihler potential corresponding
to (2.2) is given by

ve2
K(X,%) = —3In(1 — XX) = -3 [—XX _ ();X) b } —3XX. 2.3)

We would now like to find a geometrical formulation of (2.2), that is, to eliminate X and write
an equivalent Lagrangian that contains only superfields describing the geometry of spacetime, such
as the superspace chiral curvature Z [3, 16, 17]. For that, we observe that the following Kihler
potential K':

(X +X)?

K'=-3In(1+X+X)=-3 <X+X— 5

+> =3XX -3(X +X), (2.4)
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is related to the Kéhler potential K via a Kéhler tranformation of the type
K—K =K-3X+X),W W =e*w. (2.5)

This tells us that . is equivalent to .%’, where

L' =—[(1+X +X)SoS0] , + <[(fX +Wo+ %TXZ)eSXS(S)]F —i—h.c.) : (2.6)

Using the constraint X2 = 0, we have
- 1
R4 [(1 +X +X)S()SQ]D + <[(fX—‘rW0(l +3X) + ETXZ)SS]F +h.C.>
g Z 103
= —[SoSolp + [ [(AX +Wp —Xo+3TX )SolF +he. ), (2.7)
0
where we have set A = f + 3W, and we have used the identity [23]
X -%-S3)r = [SoSo(X +)_()]D + total derivatives. (2.3)

In (2.7), X enters only in F-terms without derivatives and can be thus integrated out. Solving
the equation of motion for X, we have

Vi

X T4
A——+TX=0 X== 29
So+ = T (2.9)

and substituting back into (2.7), we get
/ G 1 %7 2 3
< :—[S()S()]D—i- [(_7(7_&) +W0)S()]F+h.c.
2T Sy

=|(—== —— (== h.c. 2.1
(3 W= g (g A0S e @10

where we have used again the identity (2.8). We can now view % as a Lagrange multiplier that

imposes the constraint

(—=—1)>=0. (2.11)

Consequently, we have established an equivalence between the constrained Lagrangians (2.2) and
(2.10); they both describe the coupling of non-linear supersymmetry to supergravity, with .’ pro-
viding its geometric formulation with the use of a constraint imposed on % instead of X. This
constraint was proposed in [3] for A = 0. In what follows we will confirm the equivalence by
writing these Lagrangians in terms of component fields.

2.1 Constraining a chiral superfield X

In the following we use the method and conventions of [24] except from a factor of 1,/6 which
we omit in the expression of % but introduce at the Lagrangian level. We also set the gravitational
coupling k? = 87 Gy (given here in natural units) to be equal to one, in accordance with the usual
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convention. After gauge-fixing the superconformal symmetry by using the convenient gauge Sy =
1, the Lagrangian (2.2) can be written as follows:
3. .- 8
L = /d2®2€ {(9_@ —ZR)e K3 —|—W} +h.c.
8 6 (2.12)
with W (X) = fX + Wy and X> =0,

where & is the super-covariant derivative and & the chiral superfield density that is constructed
from the vielbein €)'

1 _
& = 5e{1+i®c;“1/7a @O + npac‘:“bzpb]} . (2.13)
Here y, is the gravitino, ® the fermionic coordinates of the curved superspace and 6% = (—1,0),
ngﬁ = %(Ggm&baﬁ — Ggaéad‘ﬁ) with G the Pauli matrices. Note that the Lagrange multiplier 7'

in (2.2) has been used to impose the constraint X> = 0, which can be solved, fixing the scalar
component (sgoldstino) in terms of the goldstino G and the auxiliary field ' of X [12].
We now substitute X, & and & with their respective expressions in component fields:
G2

X=_
F

V20G + (BO)F = A+ v20G + (00)F
#=—-M—OB— (00)C (2.14)
E=(99 - %@)X =—4F + gMA +OD+ (OO)E.

The exact components of % and E are computed in [24] (our convention for & differs by 1/6
with respect to [24]). M and b, are the auxiliary fields of the N = 1 supergravity multiplet in the
old-minimal formulation. We now choose to use the unitary gauge, setting G = A = 0. Then the
Lagrangian (2.12) in terms of component fields becomes

1 11 1 e ~ ~
&L= —5eR— geMM+ gebaba + EeeahLd(l[_/a(_Fb@cl[/d — Y0, D)
+efF — eWo[M + W, 6] + ef F — eWo[M + w,6°y) + 3eF F (2.15)

where R is the Ricci scalar. The equations of motion for the auxiliary fields 4%, M, F are then

b'=0
Fe-tp__1
3 3

Substituting back into (2.15) we get

1 1 = 7
¥ = —§€R+ Eegade(ll_/aab@CWd - ‘I/ao'b-@cq’d)

 _abe _ 1
—eWo W, 60, — eWow, 6™y, + 3e|Wo|? — ge\f\z. (2.17)

In this form, it is obvious that the Lagrangian reduces to the usual N = 1 supergravity, together
with a gravitino mass term:
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Imposing that the cosmological constant (i.e. the vacuum expectation value of the scalar po-
tential) vanishes, one finds

1
3|Wo|2—§|f\2=0:> If? =9Wol* | (2.19)

This means that Wy # 0, which justifies the use of the constant piece Wj in the superpotential in .Z.
Then, the final form of .Z is

1 1 ~ ~ =
<= _EeR—i_ Eeeabm(v_faab@c‘l/d — YO DcWa) — eWOI/_/aaabV_/b - eWOV/ﬂGabq/b‘ (2.20)

It is important to notice that the use of the constrained superfield X is what has generated the grav-
itino mass term: the final form of the Lagrangian in flat space is just the pure N = 1 supergravity,
but with a massive gravitino. The use of the unitary gauge G = 0 results in the gravitino absorbing
the goldstino and becoming massive, in analogy with the well-known Brout-Englert-Higgs mecha-
nism.

2.2 Constraining the superspace curvature superfield %

After gauge-fixing the superconformal symmetry by imposing So = 1, the Lagrangian (2.10)
can be written as follows:
7= —/d2®£(92 —2Wp) +he.,
(

2.21)
R —L)?=0.
Z' then yields
! 1 1 7 1 a 1 abed (v = op T
= _EeR — geMMJr §eb b, + 568 (V6D VWa — W0, D Wy)
—eWo[M + W, 6, — eWo[M + w0y (2.22)

Now let us solve the constraint which is the second of the equations (2.21). For that, we substitute
the second of the equations (2.14) into the constraint and find the set of the following equations:

(M+1)*=0
(M+24)By =0 (2.23)
4(M+1)C = (BB),

where _ _ _ _
Bo = 0456 P w5 — 08, WEM + iiaah®  with  Waup = DuWy — Dy Ya
1 (2.24)
C=—3R+0{M.bs, ya} #0.

Equations (2.23) yield:
M=—-A and b“=0. (2.25)

Indeed, B in this case depends only on the gamma-trace or the divergence of the gravitino, 64y,
and 2¢ v, (using the Clifford algebra property of sigma-matrices (66?4 ¢ 6“)@ = —2n< 55 ),
that can be put to zero by an appropriate gauge choice. Alternatively, one can show that B vanishes
on-shell (see Appendix A).
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Using (2.25), eq. (2.22) becomes:
1 1 1 o~ ~ _
7' = —EER - gewz + Eeeam(‘lfaﬁb@c% —VYu0pD:VWa)

+6WOZ + eW())L —eWy l[_/aC_Tab l[_/b — eV_V() l[/aGab Y. (2.26)

Substituting now A = f 4 3Wj, one finds that the cosmological constant is given by 3e[Wp|> —
%e| f|? and the Lagrangian (2.26) is identical to (2.17). Note that the vanishing of the cosmological
constant : i

—3elA 2+ eWod +eWpA =0 (2.27)

gives two possible solutions for A:

and [A =0, (2.28)

corresponding to f = +3Wj that solve the condition (2.19).

3. Without imposing direct constraints

In this section, we would like to start with a regular %2 supergravity and recover the constraint
in an appropriate limit where the additional (complex) scalar arising from %2 becomes superheavy
and decouples from the low energy spectrum. Indeed, by analogy with ordinary General Relativity
in the presence of an R>-term (with R the scalar curvature), an %2 supergravity can be re-written as
an ordinary Einstein N = 1 supergravity coupled to an extra chiral multiplet.! Let us then consider
the Lagrangian

Z= [(—;i+wo+;p(i—l)2> SS]F—i-h.c., (3.1)
where p is a real parameter. In the limit |p| — oo, one would naively expect to recover the constraint
(% — A)?> = 0, and thus (3.1) should be reduced to (2.10). In principle, one could linearize (3.1)
with the use of a chiral superfield S and then demonstrate that in the limit [p| — o0, .Z, ¢’ and .Z
are all equivalent. If this were true, one would expect that S corresponds to the goldstino superfield
and that supersymmetry is non-linearly realized (in the limit |p| — o), as is the case for the chiral
nilpotent superfield X. In other words, the mass of the scalar component of S would approach
infinity as |p| — e and would, therefore, decouple from the spectrum. However, upon computing
the scalar potential and the scalar mass matrix corresponding to (3.1), we found that this is not the
case. This means that the parameter space (4, W, p) does not allow for a supersymmetry breaking
minimum that realizes the sgoldstino decoupling and the equivalence between . with . and ..
The detailed analysis can be found in the Appendix B.

To solve this problem, we start with a more general class of f(Z) supergravity actions. More
precisely, we modify .# with the addition of a suitable term that is supressed by p in the limit
|p| = co?

L= [(—;’S%; +Wo + ;p(?; —A)?+ Il) (Si —F(S)>> sg} i +hec., (3.2)

INote that %% supergravity is not the supersymmetrization of R? gravity which is described by a D-term %Z%,

bringing two chiral multiplets to be linearized [22, 23].
%In principle, we may replace 1/p by 1/p(p) with [p(p)| — e when p — 0. One can show however that our
results do not change and thus we make the simple choice p = p.



The coupling of non-linear Supersymmetry to Supergravity Chrysoula Markou

where S is a chiral superfield coupled to gravity and F (S) is a holomorphic function of the superfield
S. This extra term has already been studied in the literature and is known as f(#) supergravity
[18, 19]. Indeed, S can be integrated out by its equation of motion at finite p:

X =F'Sy, (3.3)

where F/ = aa—g. This equation can be in principle solved to give S as a function of % and replacing

it back in (3.2) one finds an f(Z) theory.

We will now study the physical implications of .#” in the limit p — oo so as to confirm the
equivalence between ., ¢’ and .¢” (without loss of generality, we take p positive). We first
use eq. (3.3) to replace # in terms of S in the third term of (3.2), instead of doing the reverse as
described above. Using then the identity (2.8), we get

L =—|(1- 1(S+§))So§o] + {[(Wo + 1p(F’ —A)* - lF)SS]F —|—h.c.} . (34
P D 2 p

We now fix the gauge according to Sp = 1 and set ¢ to be the lowest component of S. Then
the Kihler potential and the superpotential corresponding to . are given by (we use the same
symbols K and W as in section (2) as there is no confusion)

K= —3In (1 - ll)(¢+q3))

! { 3.5
_ - o 2~
W—Wg+2p(F A) pF,
where now F’:‘;—g.
It follows that 5
P
exp(K) = = 3.6)
) = ooy
and 5 ( 5):
3 ;_(p—9-9
99, 3 06 _ _
0= 3596" -9z * ¢ 3 GD
Also

1 3 1 1
DyW = 0yW +KyW = pF"(F' —A)— —F + ——— (W0+p(F’7L)2F> . (3.8)
on T e P P99 2 P
Putting everything together, we get that the scalar potential V is given by:
2
i %

V = exp(K) [g¢¢3(D¢W)(D¢3 V) - 3WW} T 3(p—9—9)2

(3.9)
where
V= PP (F = AP p* | (0 DI (F = M)+ SIF = AP (F(F 1) +he)
+p? [~F'F'(F' = 1)+ 3WoF" (F' =) +h.c.)| +p [(¢ + §)F'F"(F —A)—3FF"(F' - 2)
— %F’(F’ —/TL)Z%—h.c} +p° [|F'? =3F'Wo —3F'Wo| +p~ ' [~ (¢ + @) |F'|*+3F'F + 3F'F|.

(3.10)
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For p — oo, the leading behaviour of V is given by
p*
V:?|F”(F’—l)|2. (3.11)

It is positive definite with a minimum at zero when F' = A or F” = 0. In the following, we will
analyze the case F’ = A; its curvature defines the (canonically normalized) scalar mass given by
3

my = %(F”)2 (3.12)
which goes to infinity at large p and ¢ decouples. At the minimum F’ = A, the potential at large p
becomes constant, proportional to |4|> — 3AWy — 3AWp. This term vanishes precisely if equation
(2.27), or equivalently (2.19), holds. We conclude that in the model (3.2) the cosmological constant
can be tuned to zero (in the limit p — oo) by using the same condition as for the model (2.10). As
shown in Section 2.2, this is the case for two possible values of A:

or [A=0]. (3.13)

Now let us investigate the minimum of the potential at finite but large p. We shall construct
the solution as a power series in 1/p around the asymptotic field value of the minimum ¢ = ¢ that
solves F/ = A. A simple inspection of the potential (3.10) shows that it is sufficient to consider
only even powers in 1/p:

¢ =¢o+ ¢712
p | (3.14)
F'(¢) =F'(¢0) + (¢ — ¢0)F" (¢0) + 5((15 —90)*F" (¢) + ..
or equivalently,
F’(¢):7L+;2+;4+... (3.15)
where 1
c=¢F |, d= 5¢>12F0’”. (3.16)

We then compute the derivative of V with respect to ¢ and keep only the terms that do not vanish
in the limit p — oo:

Vo = 55 = P (F"F"IF AP+ |FPE!(F' 1)) = p*(0 +-§)|FPF/(F = )
+p2[F”2(3W0 _F/) - ‘F”|2(F/ - 1) —}-F”/(F/ - ﬂ.)(3Wg - F/)]
+pF"[F (9 + ) —3F)+pF"[F' —3W,].  (3.17)
This expression vanishes if every coefficient at each order vanishes.
We now substitute the expansion (3.14), (3.15) into V¢ (ignoring orders that vanish as p_2 and
higher) and impose each coefficient to be set to zero so as to have an extremum. Assuming for
simplicity that Wy, A, @, c,d are real, we find the following constraints on the function F:

cFy =21 —3W,
Fo =2Wogo (3.18)
2
R = (2 —3W0),
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which yield

A— 3Wo 12(& 3WO)

F(9) = 2¢Wo +A(¢ — ¢o) +

(¢ —90)*+

— 200 W+ A (6 — wiﬁﬁw do)? = 20

(¢ —0)* +
((P (P()) ey (3.19)

TR
where in the second line above, we used the two possible values of A (3.13), A = 6W, for the +
sign and A = 0 for the — sign, for which the potential vanishes at the minimum.

At the minimum, the F-auxiliary term of S, .%,, is given by:

2
(|79)) = (|eX/*\/ 99D W>p1>o\p/§<|F”(F’—)L)‘>+(subleadingterms)
_ Ly no L
= AR+ ool = Jo 3wl 320
= \@’WOHéoa

where in the third line we used A =0 or A = 6W,. We conclude that supersymmetry is spon-
taneously broken in this limit along the direction of ¢, which can be identified with the scalar
superpartner of the goldstino that becomes superheavy and decouples. The supersymmetry break-
ing scale remains finite and is given by f = 3|Wj|. Therefore, we identify the fermionic component
of § with the goldstino and ¢ with its superpartner, the sgoldstino. According to (3.12), the latter
decouples from the spectrum in the limit p — oo, which is equivalent to imposing the nilpotent
constraint for the goldstino superfield X> = 0 on .Z. Finally, the gravitino mass is given by

ms )y = (|W1eX/2) — [Wol |as p — o, (3.21)

which completes the proof of equivalence between ., ¢’ and ..
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A. Appendix A

Here, we derive the equation of motion for the gravitino from (2.26):

1
el 6, Doy = ~Woo™ Y. (A.D)

10
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Contracting (A.1) with éa, we obtain the following equation:
6"’ Dy, = 0. (A2)
Moreover, contracting the hermitian conjugate

1 ~
S0 DeYa = WoG " Py (A3)

of (A.1) with o,, we have that

6,6, Dy ~ €6 Dy ~ 6% Doy =0, (A.4)
where we have used (A.2) and
g, = —2ic™. (A.5)
Consequently,
0.6, =0= 6%y, =0, (A.6)
where we have used the identity
0°6%6¢ — 6670 = 2ig" g, . (A7)

Now let us consider B, of eq. (2.24). Its last term iy, b vanishes due to the equation of motion
for b, while its second term vanishes due to equation (A.6). By ’s first term is:

6“6y, = 696 (D, — D) = (696" — 6769 Dy, = 46" Dy, =0, (A.8)
where we have used the definition

(696" — 6°6%) (A.9)

and the relation (A.2). Consequently By = 0 on-shell, which justifies the solution M = —A and
b* =0 we chose in Section 2.2.

B. Appendix B

We will now demonstrate why the Lagrangian

- 1% | 74
L=|(-=4+W+=p(=—-21)*]S3| +hc. B.1
[( 25 0+2p(50 )> O:|F+ ‘ (B
does not reproduce (2.10) with the constraint (2.11) in the limit p — co. We first set
Wo+ 2pA2
a= -
0T3P (B.2)
b=1+42pA,

assuming again reality of all parameters for simplicity. We then introduce a chiral superfield

S=A+V20y + (OO)F

11
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(A and F are not the same as in the previous sections) such that

. 1% 1 %\

\ % S#% 1§
—a—2pZ 27 22\ 3| he B.3
K“ 275 S0 S0 2pS(2)> °]F+ ¢ ®-3)

It follows that b > 0 in order to have canonical gravity for a metric tensor with signature (—+++).
It is obvious from (B.3) that we have linearized our initial theory (B.1), which now describes the
coupling of supergravity to a chiral superfield S that satisfies the equation of motion

S=pZ. (B.4)

Next, using the identity (2.8) and fixing the gauge at Sp = 1, we have

- _ 1
L=—-b—-S—-Sp+ <[a—2p52]p+h.0.> (B.5)
and the corresponding Kihler potential and superpotential are
_ 1
K=-3In(b—A—-A) , W:a—EAZ. (B.6)

The scalar potential V is given by
V=K [g“ (DaW)(D;W) — 3V_VW} . (B.7)

Note that positivity of the kinetic terms implies that b —2Ag > 0, where we have set A = Ar +iA;.
We now compute

1 ad d 3 i (b—A—A)?
K
=, —:77_1(27_, :77 B8
T _A_ApP IMT A0 T (b_A_AP ¢ 3 ©-5)
and
A 3 1
DaW = W +KaW = == + ————(a— =—A?). B.9
A AW + Ka p+b—A—A(a 2 ) (B.9)
Putting everything together, we get that
AA A 1 A 1
V= _ ——(a— —A%) — ——(a— —A?
P2 A-A) ph-A AR ) oA A )
1 1
= ————— ¢ (AR +A])(b+AR) —2apAg ¢ . B.10
g {3 Wk AD O+ A~ 2ap (.10
The range of Ag is given by
b
—bgAR<§ , b>0, (B.11)
so that the scalar potential is bounded from below.
To find the minimum of the potential, we demand that
Vv Vv
—(—\=0. B.12
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(Ar) —b<ArR<5,b>0
—% true always
b+ +/b* —6ap, b* —6ap >0 never true

b—+/b*—6ap, b*> —6ap >0 | true if b> > 8ap and b* > —2ap

Table 1: Possible values of (Ag) for (A;) = 0.

(AR) ~b<Ar<2%,b>0
0 true always
_g+w,b2+24ap20 true if b> > 8ap
b VPP 42 ohap >0 || trueifap <0

Table 2: Possible values of (Ag) for (V) =0 and (A;) =0.

The second of the equations above gives
(Ar(b+Ag)) =0. (B.13)

If (Ag) = —b, then 5
Vv
<87AR

so this case is rejected. Consequently (A;) = 0. Then

) =0= (A}) = —2ap —b* 5 —co, (B.14)

Vv

——) =0= ((b+2Ag)(Af — 2bAg +6ap)) =0, (B.15)
0AR

(
which yields three solutions whose compatibility with the condition (B.11) is given in Table 1.
Only the solutions (Ag) = —2 and (Ag) = b— \/b?> —6ap are compatible with the range of Ag.
Now we would like to check whether one of them is compatible with the condition

(V) =0. (B.16)

Equation (B.16) has two solutions whose compatibility with the condition (B.11) is given in Ta-
ble 2.

It is straightforward to see that the solution (Ag) = b — \/b* — 6ap is compatible with (B.16)
only if b> = 8ap (for (Ag) # 0) or if a = 0 (for (Ag) = 0). The first case is rejected, since then
(AR) = b/2 and the metric g, diverges. The second case is rejected, because then (DsW) = 0 and
there is thus no spontaneous supersymmetry breaking. On the other hand, the solution (Ag) = —g is
compatible with (B.16) for b> +24ap = 0. It can also lead to spontaneous supersymmetry breaking,

as
(€512 gAAD W) ~ ab=3/? + 0 for finite p . (B.17)

However, it is easy to see that the scalar squared-masses corresponding to Ag and A; have opposite
signs and thus the point ((Ag) = —3, (A;) = 0) is a saddle point of the potential and not a minimum,
see Table 3. Moreover, all the eigenvalues of the scalar mass matrix approach 0 as |p| — e and
thus the extra scalar (sgoldstino) does not decouple. We conclude that neither of the two solutions

13
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gt % AR Aj
Ag ~5 | 0
A 0 | 53
Table 3: The (canonically normalized) scalar squared-mass matrix for (Ag) = —5, (A;) =0 and (V) =0.

for (Ag) can be used to tune the cosmological constant to zero for every value of p, consistently
with the decoupling of the extra scalar.

Instead, we can investigate what happens if the condition (B.16) holds for the potential only in
the limit p — oo. For both possible solutions

AN =0 . (Ag)=b— /B2 —6ap~ph—1+320 4 £0

AN=0 . {AR)=—2=—7pi

(B.18)

we find that V. — 0 for p — oo; however, none of the eigenvalues of the scalar mass matrix ap-
proaches oo at p — oo (they approach 0 instead), which is again incompatible with the sgoldstino
decoupling. We conclude that the parameter space of the model (B.1) does not allow for the real-
ization of the non-linear supersymmetry coupled to gravity. Thus, (B.1) has to be modified suitably
which is what we proposed in Section 3.
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