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ABSTRACT: We study the general deformation of N’ = 2 supersymmetry transformations
of a vector multiplet that forms a (constant) triplet under the SU(2) R-symmetry cor-
responding to the magnetic dual of the triplet of the Fayet-Iliopoulos (FI) parameters.
We show that in the presence of both triplets, the induced scalar potential of a vector
multiplet with generic prepotential has always a minimum that realises partial breaking
of N =2 — N = 1 supersymmetry. We then consider the impact of the deformation
in the Dirac-Born-Infeld (DBI) action where one supersymmetry is non-linearly realised,
described by a nilpotent constraint on the deformed N = 2 chiral-chiral superfield. We
show that the generic magnetic deformation induces an ordinary FI D-term along the linear
supersymmetry via the theta-angle. Moreover, we argue that the resulting action differs
on-shell from the standard one (DBI+FI) by fermionic contributions.
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1 Introduction

Partial breaking of N/ = 2 global supersymmetry (SUSY) to N = 1 requires a deformation

of supersymmetry transformations [1, 2]. The latter consists in adding arbitrary complex

constants which modifies the transformations of fermions but leaves intact the supersym-

metry algebra of infinitesimal transformations. Some of these constants can be absorbed



by shifting the auxiliary fields and, thus, do not correspond to genuine deformations. One
therefore expects that a general deformation contains the same number of parameters as
the number of real auxiliary fields in every supersymmetry multiplet, consisting techni-
cally in adding constant imaginary parts. Indeed, this is the case for NV = 2 vector and
single-tensor multiplets that can be deformed by adding three or two constant parame-
ters, correspondingly [3]. Partial supersymmetry breaking implies a special relation among
the deformation parameters guaranteeing the existence of a linear combination of the two
supersymmetries under which all fermions of the multiplet transform linearly (without
constants).

In this work, we study the general deformation of supersymmetry for N' = 2 vector
multiplets and its effect on two-derivative effective actions involving a generic prepotential,
as well as on the DBI action, where one supersymmetry is non-linearly realised. The general
deformation forms a triplet under the SU(2)r symmetry and consists technically in adding
a constant imaginary part to the triplet of auxiliary fields, formed by the (complex) F- and
(real) D-auxiliary components of the A/ =1 chiral and vector multiplet that compose the
N = 2 double chiral vector W = (X, W). The deformation associated to F is known to
give rise to a magnetic Fayet-Iliopoulos (FI) term proportional to the special coordinate
fx = Oxf where f(X) is the holomorphic N' = 2 prepotential [1]. Indeed, ordinary
electromagnetic duality exchanges X with fx and, thus, their corresponding coefficients.
Here, we extend this result to the D-auxiliary whose deformation modifies the Bianchi
identity of W and we show that this modification is dual to the ordinary FI parameter
under electromagnetic duality.

We then study the general two-derivative effective action of a deformed N = 2 double
chiral multiplet and show that it exhibits a partial N'=2 — N =1 breaking at the mini-
mum of the scalar potential for generic values of the parameter space. Special values may
leave A/ = 2 unbroken or a runaway potential but one can never realize complete breaking
of both supersymmetries, unless trivially in a free theory. This result was expected since
one could obtain it by using a SU(2) i rotation from the cases studied in the literature [1, 3].
The analysis is however useful for unveiling the main properties of the D-deformation that
will be relevant in the context of Dirac-Born-Infeld (DBI) actions. Complete breaking re-
quires at least two vector multiplets. For instance, in the simplest case, one can combine
two independent theories, each one breaking N' =2 — N = 1 in a different direction. An
interesting observation is that the D-deformation described above gives rise to an ordinary
FI D-term proportional to the theta-angle. For a generic prepotential, this term is of course
field dependent, while it becomes constant only in the free theory.

We next extend our analysis to the case of the DBI action where one supersymmetry
is non-linearly realised, describing the effective field theory of a D3-brane in an N = 2 su-
persymmetric bulk [4]. The deformation is now implemented in the nilpotent constrained
deformed superfield [2, 3] and we find essentially the same result as in the previous un-
constrained case of a general prepotential. This time there is no scalar potential but the
parameters of the FI term and the general deformation can be absorbed into a redefini-
tion of the DBI couplings, namely the non-linear supersymmetry breaking scale (or the
brane tension), the U(1) gauge coupling and the theta-angle. We notice again that the



D-deformation gives rise to an FI D-term through the theta-angle. This time the FI term
is constant and the theory is not free. In principle, one would expect that the presence of
this term would break both supersymmetries but this is not the case. Instead, one N/ = 1
linear supersymmetry remains but it changes direction. In the string theory context, it
corresponds to rotate the brane in the bulk. As in the previous case, the complete breaking
of supersymmetry can arise only in a system of at least two DBI actions preserving different
linear supersymmetries, corresponding to two branes at angles.

Despite the fact that the FI term induced by the D-deformation via the theta-angle
gives the same bosonic action as adding a standard FI term to the DBI, the fermionic part
of the action appears to be different [5] suggesting that this is yet another way to write a
constant FI term in global supersymmetry, at least for N' = 2 with one supersymmetry non-
linearly realised.! The effective D-brane action was computed up to interaction terms of
dimension-eight, or equivalently second order in the Regge slope o, and was compared with
the expansion of the supersymmetric DBI action in [7]. It would be interesting to compute
its modification in the presence of an FI D-term induced at the string level, for instance by
internal magnetic fields, and compare with the different effective field theory actions. The
coupling to supergravity is another interesting question, in particular whether it implies
the gauging of the R-symmetry. Indeed, the absence of the extra fermionic contribution
associated to the standard FI term exhibiting the gauging of the R-symmetry [8] suggests
that this gauging may not be necessary for the coupling to supergravity in our case.

The outline of our paper is the following. In section 2, we review the general de-
formation of N’ = 2 supersymmetry transformations for a chiral-chiral multiplet and the
condition for a partial N' = 2 — AN = 1 breaking. In section 3, we establish the elec-
tromagnetic duality at fully N' = 2 level. Adding deformations is shown to be equivalent
to adding the triplet of FI terms in the dual theory. In section 4, we analyse the general
N = 2 action based on an arbitrary deformed vector superfield; we compute the scalar
potential and show that the only non-trivial minima break partially N'=2 — N = 1. In
section 5, we study the generalization of the DBI action with the D-deformation and show
that it leads to an FI term via the theta-angle. We analyse its bosonic part and show that
the deformation and FI parameters can be absorbed in the independent couplings, leaving
the usual DBI form invariant. We also discuss the fermionic terms and argue that the FI
term induced by the D-deformation is different from the standard FI term added to the
DBI action. Section 6 contains some concluding remarks.

2 General deformations in N = 2

In this section, we investigate the properties of N’ = 2 vector multiplet. We then consider
the most general deformation of this vector multiplet which can be parameterized by three
real constants. The deformation yields the non-linear realization of one supersymmetry.
2.1 N = 2 vector multiplet: structure, transformation and symmetry

We start with the following chiral-chiral N/ = 2 multiplet
W(y,0,0) = X(y,0) + V2i0W (y,0) — 00G(y,0),  y" = 2" + 0o + ifo"0, (2.1)

'Note that the new FI D-term proposed in [6] preserves only N/ =1 supersymmetry.



which is chiral with respect to both supersymmetries:?

DW =DW =0. (2.3)
The fields transform as follows under the second supersymmetry:>
0X = V2ieW , (2.4)
oW = V20"€8, X + V/2ieG,
6G = —V29,Wote. (2.6)

The superfield (2.1) is reducible and describes the degrees of freedom of a ' = 2 vector
and tensor multiplet. To reduce them to those of a vector, one requires W to be the field-
strength superfield of a A = 1 vector multiplet, satisfying DW — DW = 0. Furthermore,
one can verify explicitly that %DQX transforms in the same way as G in (2.6). Therefore
we can set

G =-D*X (2.7)

1
4
without violating the N' = 2 supersymmetry.

Since W is chiral with respect to both supersymmetries, we can consider the following

action

L ! d20d>oW? L W?2-2XG _ Yo (wetxpzx

N=2W2tcc. = 1 +c.c. = 1 +c.c. = 1 2 +c.c..
(2.8)

On the other hand, the N' = 2 Maxwell theory, in terms of A/ = 1 language, is described
by a chiral multiplet X and a vector multiplet W with action given by

_ 1 1 - 1 1 -5
LA~ Maswell = / d29c129)()(+Z / d?aw%rZ / d?mﬂ:Z / d*0 <W2—2XD2X> +e.c.,
(2.9)
up to a total derivative. We see that the above two actions are equivalent, implying that
the extra constraint imposed on W is correct.
Thus the N’ = 2 vector multiplet can be described, in term of N' = 2 superfield, as

W(y,8,0) = X(y,6) + V2 (y,6) — iééDzX(y, 0), (2.10)
where X, W are N' = 1 chiral and vector multiplets, respectively. Their component
forms read:

Wo = —ida + 0,0 —i(c"0) o Fup + 00(c" 0y N\)a (2.11)
X =z + V20 — 06F, (2.12)
i[ﬂ)‘( = F — V2if0"9,x — 001" 9,0, . (2.13)

2We follow the conventions in [9], so the superspace covariant derivatives, in terms of the chiral coordi-
nate, are given by

0 . =5 O = 0
Da = % + 2Z05d9a87y/‘7 Da = ——= (22)
and similarly for l~7a, 1~)a.
3The first supersymmetry refers to the supersymmetry associated with 6, while the second supersym-

metry refers to the one associated with 6.



Alternatively, the N' = 2 vector multiplet (2.10) can be obtained from (2.1) by imposing
the following irreducibility conditions:

D;D;W = ¢;"¢;'DDW, i,j,k1=1,2. (2.14)

Here Dy = D, Dy = D correspond to the super-covariant derivatives of the first and second

1 1

supersymmetry. The antisymmetric symbol is defined as €;' = €? = 0,62 = —e! =

1. From (2.10), we can read the transformation rules of X and W under the second
supersymmetry

0X = V2ieW , (2.15)

Wy = V/2i (iga[)?)‘( — z’(a“«%)a@uX) : (2.16)

We are especially interested in the auxiliary field part of the SUSY transformation
rules of fermions. Under the second supersymmetry, the fermions transform as

0o = —V2FE,,
OXa = iDéy, (2.17)

while under the first supersymmetry, they transform as

0o = iDe,
Oxa = —V2Fe, . (2.18)

The full SUSY transformation of the fermions can then be written as

Xa| _\/§F 1D €a
()~ (2 %) (4) "

The N = 2 vector multiplet W has SU(2) g invariance. To see this symmetry, we define
the following SU(2)r doublets

=0, 0> =4, m=x, no=A. (2.20)
The vector multiplet can be expanded in components as
W(y,0,0) = x+V2(0x+0N)—00F —00F +iv/200D+-. .. = x4+ 20", 9" Yi;+... , (2.21)

where

)

Yij =Yji = (Y : craz) , (2.22)

with o = (01, 092, 03) the standard Pauli matrices. More explicitly,

_ ; D
Yii=F, Yu-=F, lez—éD, Y=<ImF,ReF,ﬂ)- (2.23)



For convenience, we also construct the following triplet of fermionic coordinates trans-
forming in the adjoint representation of SU(2)g

e = (9 é) oo (g) - (i(90 — 06), (00 + 60), —2z‘eé> . (2.24)

It can be used to form the quantity:

© Y = 00F + 00F — \/2i00D = 9'97Y;; . (2.25)

Note that the SU(2) symmetry can also be seen from the SU(2)p invariant reality condi-
tions:

Vi =eifej' Vi (2.26)

2.2 General deformation

We are going to modify Y by adding a constant deformation Yge. The real part of Yger
can be absorbed to a trivial shift of the auxiliary fields in Y. Hence we only need to focus
on a pure imaginary Yger [3]. Using the SU(2)r symmetry, we can rotate the vector Yger
to any specific direction. As we will see, this just indicates that the model always has
N = 1 residual supersymmetry after deformation. However, the direction of the residual
supersymmetry depends on the deformation parameters which is important for the purpose
of total supersymmetry breaking. Therefore we don’t rotate the deformation vector Yger
and consider the following generic deformation:

1 1
Y = <i4/{ cos ¢, i——sin qﬁz\%) . vb,KER. (2.27)

It contains three deformation parameters. As we said earlier the real part of the deformation
vector has no physical effects, thus we can equivalently choose

Yaer = | €', —ei— ) . 2.2

def <4I’i€ 74/{6 71\/§> ( 8)

In the remainder of the paper, we will study the general deformation in the form of (2.28).
The deformation Yger induces a deformation Wyer of the superfield W. It reads

1 _
Waet = —O - Yyor = —2—6“%?0 — V2760, (2.29)
K
and modifies the irreducibility condition (2.14) to*
D{DjW — EikEjZ'Dk'DlW = Z"Yij , Yij € R, (230)

where

Yij = 8<Im(Y) : UU2> (2.31)

ij

*Similar modification was obtained in [10] through EM duality transformation which will be discussed
in the next section.



In particular, this implies the following equation®
DW — DW = —d4iry, (2.32)

which modifies the standard Bianchi identity of NV = 1 vector multiplets. The deformed
vector multiplet can be solved and expressed in components as

Wo = —idq + 0aD — i(6"0) 0 F + 00(c" 0\ o (2.33)
where
D =d+ i, d,veR. (2.34)
Here ~ is a constant and d is the auxiliary field that should be eliminated through its
equation of motion.
2.3 Deformed supersymmetric transformation and supersymmetry breaking

In order to discuss supersymmetry transformations and supersymmetry breaking, one
should take into account both the deformations and the dynamical parts sourced by the
auxiliary fields. It is convenient to introduce the following quantities

(A 1 .4 d+1
Y = Yaer + Klynamic = <Im F+ Eew, ReF + &ew, \/;> s (235)
Wauxiliary = -0 Y = Waer + Wdynarnic ) (236)

where Yiynamic refers to the auxiliary fields vacuum expectation values (VEV) in (2.23).
The deformed transformations of the second supersymmetry are given by

60X = V2ie® Wy +iv0a) | (2.37)
W, = V2i <2lﬁei¢ea+igap2x — i(a“g)oﬁ#X> : (2.38)

One can check that the N' = 2 SUSY algebra is not affected by these constant deformations.
In the presence of deformations, the fermion transformation rules (2.19) get modified as

Xa —V/2F i(d + i) €a Yo +iY7 —iYs €a
5susy = 1. X = 1 - = _\/i . . ~ ’
Ao i(d+iy) —v2 (F + ﬂe“b) €a —1Y3 Yo —iN} €a

(2.39)
with Y = (Y1, Y2, Y3) given in (2.35).
We also introduce the following parametrization of Y [3]:
] 1
Y = (;(A2 - B%), (4’ + B), iF) , (2.40)
so that
Wansiliary = —0 - Y = A%00 + B*00 + 2100 . (2.41)

®This modification appeared before in [11].



If I' = £AB (or equivalently Y - Y = 0), Wauxiliary can be diagonalized and becomes a
complete square
Wauxiliary = (Aa =+ B9)2 . (242)

This means that there is a combination of two supersymmetries which is left intact and
unbroken. It is related to the partial supersymmetry breaking we are switching to.

Supersymmetry is preserved (at least partially), if there exists a linear combination of
the fermions which is invariant under the supersymmetry transformation:

dsusy (C1Xa + C2Aa) = 0. (2.43)
This is possible if the transformation matrix is not invertible, namely
N ( —V/2F i(d + i)
i(d+iy) —v2 (F+ 5:¢)
It is easy to see that this is also equivalent to Y- Y = 0 with Y given by (2.35). In this case,

) — 9F <F+21Kei¢> +(d+iy)?*=0. (2.44)

we always have a residual N' = 1 supersymmetry, therefore realizing partial supersymmetry
breaking N =2 — N = 1.
The residual supersymmetry can be found as follows. The coefficients in (2.43) can be

solved yielding:
o iYy Yo +iY)

a Ya—iYy Y3
Then the unbroken supercharge is the linear combination:
S =cQ+ Q. (2.46)
Indeed from the supersymmetry algebra of Q,Q
{Qu:Qa) = 200050m,  {Qn,Qa} =2i00:0m,  {Qa:Qa} = {Qa:Qu} =0 (247)
one can easily find that S satisfies the N' =1 algebra
{Sa,Sa} = 2ic".0m , (2.48)

r (2.45)

provided that |c;|? + |c2|?> = 1. This condition can always be realized by a trivial rescaling
of ¢1,ca. One can also explicitly verify that

05N =€eSA = €(c1Q + Q)N = (cl(Yg +1iY1) + cz(—iYg))e =0, (2.49)

and similarly 62y = 0.
To conclude, Y - Y = 0 provides the criteria for a residual N' = 1 supersymmetry.

3 N =2 duality

In this section, we will show the electromagnetic (EM) duality fully at N = 2 level.® The
strategy is to make full use of various “long” /“short”, chiral/antichiral superfields [3]. With

this formalism, we can explicitly see that our deformations are dual to the triplet of FI
D

parameters for (ReF,ImF, 5

). So the deformations can be regarded as the magnetic FI
terms.

“We would like to thank E. Tvanov for drawing our attention to ref. [10] where some points in this section
were made using different language.



3.1 “Long” and “short” multiplets

We begin with the following N' = 2 “long” chiral-chiral superfield [3]:
N ~ o] — 5= )
Z=Y +V20x 00 (4D2Y + ;q>> : (3.1)

where Y, xo,® are N' = 1 chiral supefields. We can then define the N' = 2 “short”
antichiral-chiral superfield:

Z= —% (D22 - D2§) . (3.2)
In components, it reads
= _ 1 6 —0 —
Z =30 —2ilDL — 1921)2@, (3.3)
where
L =Dy + Dy (3.4)

is a real linear superfield.
Similarly, we could begin with the A/ =2 “long” chiral-antichiral superfield:

~ ~_ ~. 1 — — 1
W = X + /2600 — 62 <4D2U + ;X> , (3.5)
where U, Q4, X are chiral: they are annihilated by DB' In particular, {2 can be written as

Q4 = Dyl with L a complex linear superfield satisfying DL = 0. One can then define the
N =2 “short” chiral-chiral superfield:

B _E :2 ~ - =9 ~
W= 2(DW DW). (3.6)
In components, it reads
- e o
W =X +V2i0W — Z02D2X, (3.7)
where
(1. iy 1 _

This especially implies that W satisfies the standard supersymmetric Bianchi identity
DW = DW, which in turn enables us to define the potential associated to W, a real
superfield V such that W, = —3D%D,V with V = —2(L + L).

Since both W and Z are chiral-antichiral, we can consider the following supersymmetric
invariant action

/d29d25 ZW. (3.9)
Similarly we can also construct the following action from two chiral-chiral superfields Z, W:

/ POdPOWEZ . (3.10)



Actually, one can show that the two actions above with imaginary couplings are equal:

= A 1 . ~n A _
i/d26d26WZ +oe =3 /d29d20W(D2z _ D2Z) tee

1 ~ 0% A A 1 1 R T
<—4> / d*0d%0d*0W Z — 3 <—4) / d*0d*0d*OW Z + c.c.

1 el maoa .
- = /d20d20<D2W . D2W>z tec.

1
2

= i/d29d2§2W +c.c.. (3.11)

3.2 Without deformation

To establish the EM duality, we consider the following action:

S = / d*0d*0F(Z2) + i / d20d%0 2W + c.c. (3.12)
where the prepotential F is a holomorphic function. The duality in N = 2 theories can be
shown by eliminating different set of variables.

3.2.1 Electric side

We first consider the electric side of the theory by integrating out W. The equation of
motion of W leads to

Z=0, = ® =0, L =const.. (3.13)

Actually one can further show that L = 0 due to the Bianchi identity DW = DW in W.T
Then we redefine the field y = ¢Z such that

DZ - DZ=—iL=0. (3.15)

The chirality and the above standard supersymmetric Bianchi identity dictates that Z is
the field strength superfield of a standard vector multiplet. Z becomes then the standard
(short) N = 2 chiral-chiral superfield describing a vector multiplet.

The original action after integrating out W, which will be called electric one, now
becomes

. 1 0o 1
Se = / d*0d*0F (Z) + c.c. = / d?0 <]—" (—4D2Y> — 2]—"’x2) + c.c.

— /dzedzé Y Fy + ;/dza F'7? +cc., (3.16)

where Fy = F/(Y). It is then the standard N' = 2 action of a vector multiplet with
prepotential F.

7 This can be shown as follows:

i/d20d2§)fvz+c.c. = i/d20d2(§2W+c.c. > /d29xw+c.c. = /dQGX“ (—if)?DaV) tee

—/d29d2(§V(DX+Dy<). (3.14)

The equation of motion of V' gives rise to L = 0.

,10,



3.2.2 Magnetic side

The action (3.12) can also be written as
S = / d*0d*0F(2) + i / d*0d*0 WZ + c.c., (3.17)

thanks to the relation (3.11). Now, we would like to integrate out Z, whose equation of
motion yields

W=iF(2). (3.18)
Then the action takes the form
§= / POPI(F(2) - 2F) (3.19)
The integrand is nothing but the Legendre transformation of F.
From (3.18), one could find its inverse function
Z=—iH'W), (3.20)

such that
F(Z2)=ZF =HW). (3.21)

The construction is reminiscent of the relation of Lagrangian and Hamiltonian formulation
in classical mechanics once we make the analogy: —iW <« p, Zo i, Fe L—H <+ H. So
the dual magnetic theory now becomes

Sy = / d*Od2OH(W) + c.c.. (3.22)

For clarity, we would also like to write the magnetic theory in terms of components.
We expand the action (3.17) in terms of V' = 1 superfields:

/ d*0d20F (Z)+i / d*0d*0 WZ+c.c. = / a6 ((]—"—H’X) (-iD%‘/-é@)—iyz‘)%‘(—;f”xzﬂw) .

(3.23)
We integrate out @, x:
5P : X =iF(Y), (3.24)
Wa
ox : Xa = FY) (3.25)

Substituting them back into the action, we obtain the magnetic action
N = . |
Sm = /d29d29}“(2) + i/d26d29 WZ +cc = /d29 <—1YD2X - 5J—“”><2 + xw)

20 120 O 1 2 w2
We now define a new function H such that

X =iF(Y), H (X) =iY. (3.27)

— 11 —



Then it is obvious to see

dF dH'  idX —idY

1A o
FH = vax = av ax (3:28)
This enables us to rewrite the magnetic action as
- — 1
Sy = / d*0d*OH (W) + c.c. = / d*0d*0 XHx + 3 / d*OH"W? + c.c.. (3.29)

The form S,,, matches exactly with the form of the original electric theory S.. Thus, the
electric theory with chiral scalar Y and prepotential derivative iFy (Y') is dual/equivalent
to the magnetic theory with chiral scalar Y = X = iFy(Y) and prepotential derivative
i}"}],JD (YP) =iHx(X) = —Y. This establishes the EM duality at fully N = 2 level.

3.3 With deformation

We now turn to adding the deformations and consider the modified actions as follows
S = / d?0d*0F (Z — v/200~) + i / d20d%0 (Z + Iiei¢> W +ce.. (3.30)
The dual of the deformations can be found in a similar fashion as above.
Electric theory. We can first integrate out W:
Z+ %ew =0, = o = —iem, L = const. € R. (3.31)

Using the same argument as in footnote 7, one further finds that L = 0. Defining y, =
i(Za — i047y), we have

. _ _ YA |
Z 200y =Y +V2i0Z — 00 <4D2Y + ;@) , (3.32)
where Z satisfies the constraint:
DZ — DZ = —4iry. (3.33)

This is the modified Bianchi identity of Z. Note that Z is not affected by ~.
One can now obtain the electric action as

. _ 10 i 1
S, = / d?0d?0F (Z—/200y)+c.c. = / d*0 (]-" (—4D2Y—;<I>>+2}"’ZQ) +c.c.
_ 1 1,
= /d29d29 ny+§/d29 ]-'”Z2—2—e’¢/d2¢9}'y+c.c.,
K

(3.34)

where Z satisfies the generalized Bianchi identity (3.33).
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Magnetic theory. Using the identity (3.11), the deformed action (3.30) can be written as

- . - - N 1 . = .
S = / d*0d*0F (Z — V/2007) +i / *0d* 0 WZ — —e'? / d*0d*0 W + c.c.

K
~ N ~ N ~ ~ 1 . = A
— /d29d29f(z/) +i/d20d20 WZ/+i/d2«9d2«9 V2004 W — e’¢/d20d29 W +c.c.,
K
(3.35)

where we have trivially shifted the argument of F. The first two terms can be treated as
before and we arrive at the magnetic theory:

2 _ . )
Sy = /d29d2§ VFy + 1/d20W n y/d%d?é 620°D + Zew/d?ex tec.
2 F 2%

- /d29d2§ XHy + % /dQGH”WQ n 27/d29d29_ Vot ;ﬁe"‘z)/dZGX Y.
(3.36)

Therefore the magnetic theory now contains a triplet of FI terms:

_ P 1 1
2y/d20d20 vV + ;ez¢/d29X +c.c.=2yD+ —sinpReF + —cospImF = —47Y - Y.
K K K
(3.37)
Comparing the two actions (3.34) and (3.36), we clearly see the duality between de-

formations and triplet of FI couplings: X <> Fy and modification of Bianchi identity
DZ — DZ = —4iv <+ FI D-term 4D.%

4 Generalized APT model

In this section, we discuss the Antoniadis-Partouche-Taylor (APT) model and its general-
izations with all deformations we introduced above. We will analyse the general N' = 2
action based on an arbitrary deformed vector superfield. By computing the scalar po-
tential, we find that the only non-trivial minima break supersymmetry partially from

N=2->5N=1.

4.1 APT model

In this subsection, we will review the APT model [1] which describes the partial supersym-
metry breaking N =2 — N = 1.
The starting point is an A/ = 2 chiral-chiral superfield introduced in section 2:

Waew = W — iewéé V3400 = X + V30w — iéé([ﬂ)’( Fam), m=gc, (41)

1.
2K
X =2+ V20x — 00F. (4.2)

$More details of this deformed vector multiplet will be discussed elsewhere [12].
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In this subsection, we only consider the deformation x and set all others to zero v = ¢ = 0.
The action of APT model realizing the partial breaking is given by

| / d?0d*0 F Waew)—e / d%X]—\/ig / d*0V+c.c. (4.3)

| / d*0 (—if’(X)(D2X+4m)+;f”(X)W) —e / dQGX]—\@g / d'0V +c.c.
=i / d*0d*0 X F'(X)— / d*0 (eX—irm]:’(X)—;f”(X)Wz)]—\/55 / d*0V+c.c..
(4.4)

where the holomorphic function F is the prepotential and m, e, & € R. As we discussed in
the previous section, eX and mJF’ are dual to each other. We add them simultaneously
into the action which is crucial for partial supersymmetry breaking. The action can be
further rewritten in a compact form as

L= / d*0 (X, X) + / 20w (X) + / 200 (X) (4.5)
- (/ dQH'FHéX)WZ —i—c.c.) - 2\/§§/d49V, (4.6)

where the Kahler potential and superpotential are
H (X, X) =—iXF(X)+iXF(X), W (X) =i(eX +mF (X)). (4.7)

We now study the scalar potential in order to find the vacuum of the theory. Let us
first recall the auxiliary fields of various superfields

L _ 1
W? =00D%+. .., D?X =4F+.. ., X =x—00F+..., V= 59909D+...
(4.8)

Focusing on the auxiliary field part, the action takes the form

L= —i U d*0d*0 XX]-'"(:E)—/d29 (eX+mX]:"(x);}“"(m)W2>} —x/ig/d49v+c.c.+. .
_ 1 2
= — {TFF+F(e+mT)+27-D2]_\ng—i—c.c.—k. . (4.9)
where the dots represent terms which do not contain any auxiliary fields and F”(z) =

T(x) =71 +im € C.
Then, the scalar potential arising from the auxiliary field is given by

Vir(z)) =it (;D2 + FF) +i(mT +e)F + ?fD + c.c.

= —27y (;DQ—FFF) +i(m7 + e)F — i(m7 + e)F + V2¢D. (4.10)
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The auxiliary fields are solved using their equations of motion

ov. oV 9V
A S A 4.11
oF oOF 0D ’ ( )

with solutions
F_ —i(mT + e) ’ E_ i(mt +e) 7 D— £ . (4.12)
Substituting them back, one gets the scalar potential?
m7 +ef? + €

Ver————. 4.15
27'2 ( )

To find the vacuum, namely the minimum of the scalar potential V(7(x)), we need

to extremize with respect to the scalar field z. Equivalently, assuming aggf) # 0, we can

extremize with respect to 71, 7 and get the following solutions

T = —E, Ty = :I:é. (4.16)
m m
One of them is a discarded by positivity of the kinetic term. The stable vacuum is given by
m m
So the VEV of the auxiliary fields are
F—fF=-" p = mssn(me) : (4.18)

2 NG

and the vacuum potential energy is

V =|m¢|. (4.19)
From previous discussions (2.39), we easily find that the fermions transform in the follow-
ing way:
~ e 1 ~ " .msgn(mg) _
N = —V2e(F+m) = ———me, oy = iéD = i—————>%€, 4.20
( ) 7 X 7 (4.20)
, .msgn(mg) m
0N =iDe = i————%¢, oy = —V2Fe = —e¢. 4.21
7 X 7 (4.21)
It is then easy to see that
Jsusy (A + isgn(m&)x) = 0, (4.22)
so that a linear combination of two supersymmetries is preserved, and thus the N' = 2

supersymmetry is only partially broken.

9The scalar potential can be also obtained directly as follows V = Vp + Vg:

_ov X;z%_ |mT + e/
Vr=ox9  ox T (4.13)

2 5 2
Vo =% (2v2¢) = 2% (4.14)

where g¥¥ = (9xx) ' = (Ox05.#) ' and the real part of the gauge coupling g% = Re(—2i7) = 27».

,15,



4.2 Generalization of APT model

As we emphasized, the crucial point in APT model is the simultaneous turning on of electric
coupling eX and magnetic coupling m.JFx. Since in the previous sections we found three
deformation parameters, it is natural to generalize the APT model by adding electric and
magnetic couplings corresponding to the three deformations.

The action is almost the same as before:

L=—i [ / d*0d*0 F Whew)—e / dQQX}—\/ig / d*0V+c.c.

_ [ / 2040 XF'(X)— / 026 <eX+m]—"’(X)—;}"”(X)W2>]—\/55 / 40V +c.c.
(4.23)

but now we allow complex m = mpg + im;, D = d + iy with mg, my,7,£, e € R. Note that
e is taken to be real since its phase can be absorbed by a rescaling of X.
The scalar potential is given by

1 = 2
V=ir (2(d+ iv)? + FF> +i(mt +e)F + \fo(d—i- iy) + c.c.

= 27 (1(d2 -3 + FF) — 211dy + i(mT 4 €)F — i(inT + e)F + V2¢d. (4.24)

2
The auxiliary fields can be solved:
F:—i(mf+e)7 ﬁ:i(mT_}—e), dzf—\/§7717 (4.25)
27‘2 2’7’2 \/57'2
leading to the scalar potential
2 2 2.2 2
V= ImT + e|? + €2 — 228y + 292 (12 + 72) . (4.26)
279
The vacuum sits at
emp Ve JVaer + mag)? +mi(e + €2)
= —— Ty = , (4.27)
Im? + 29 Im[2 + 272
with auxiliary field VEVs
_ 2iey? 4 iV2myE + emmy —m\/(\@e’y—i-mR&)Q + m2(e? + £2) (4.28)
F— , 4.28
2\/(\@67 + mp€)? + m3(e? + &2)
F=F", (4.29)
2 2|m|?
g empy + v2|m|*¢ (4.30)

2/ (VZey + mp€)? +m3(e? + €2)
One can verify that for the auxiliary field VEVs above, the following equality always holds:
Y Y=0. (4.31)

Based on the arguments elaborated in subsection 2.3, this implies that there is always a
residual N' = 1 supersymmetry.
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4.3 More U(1)s towards the complete breaking of supersymmetry

As we have just seen, a theory with only one U(1) always has an N/ = 1 supersymmetric
vacuum, independent of the FI parameters and deformations.'® Hence it seems impossible
to break completely the supersymmetry. However, note that although N = 1 is always
preserved, the residual supersymmetry, as a linear combination of the two original super-
symmetries in N' = 2, depends on the deformations and FI parameters. Therefore if the
theory contains two or more U(1)s with different residual supersymmetries, the full system
breaks supersymmetry completely. Of course, the different sectors should communicate
through matter (not necessarily charged) or gravitational interactions.
More specifically, consider the Lagrangian with two decoupled U(1)s

L=, (4.32)
The previous analysis applies individually to these two subsectors.

Y(l) _ }/:i(elf) + Y(l) Y(2) — }fd(e2f) + Y(Q) . (433)

vev ) vev

The full system is thus characterized by
Yy =YW 4+y®, (4.34)
As we have seen in the last subsection, we always have
Y.y —y®@.y® g, (4.35)
However, as long as the two vectors are not aligned Y@ # ¢Y' (M) 11 we immediately have
Y Y #0, (4.36)

meaning that AN/ = 2 supersymmetry is broken completely.

5 Deformed Dirac-Born-Infeld action

In this section, we will impose a nilpotent constraint on the deformed N = 2 vector
multiplet, which renders one supersymmetry non-linearly realized. The resulting action
is a generalized supersymmetric Dirac-Born-Infeld (DBI) action. We will first study the
bosonic part of the action and find that it is almost identical to the standard bosonic
DBI up to some renormalization of coupling constants. This is quite similar to the case
of DBI4+FI model where the FI parameter only renormalizes the coupling of the bosonic
DBI [2]. In order to differentiate the deformed DBI from the DBI+FI model, we also study
the fermionic part using the non-linear SUSY formalism [8].

We then study SUSY breaking in our model and find again that there is always a
residual N/ = 1 supersymmetry independently of the deformation parameters. However,
this unbroken A/ = 1 supercharge, as a linear combination of A' = 2 supercharges, depends
on the deformation parameters.

"We exclude the singular points 72 = 0 or infinity of runaway behavior and the trivial case of a free
theory with quadratic prepotential.
"This is true generically in the parameter space.
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5.1 Nilpotent constraint on N = 2

The supersymmetric DBI action arises from the partial supersymmetry breaking of N' =
2 — N = 1. It was first constructed through the coset method by Bagger and Galperin [4].
In [13], Rocek and Tseytlin found the same action through a nilpotent constraint on the
N = 2 superfield. We will thus follow this elegant nilpotent construction and discuss the
deformed DBI.

5.1.1 Without phase deformation

Following [13], we break A/ = 2 by assuming the presence of a Lorentz invariant condensate
(W) = Waer # 0, so

W%Wnew: <W>+W:W+Wdef> (51)
Waew = X +V2OW — 200 (sz n 2) | (5.2)
K

where the deformation « is implicit in W. We then impose the nilpotent constraint to
obtain the non-linearized supersymmetry

Waew? =0, (5.3)
which implies
1 1. —0e
X =WW — 5XD2X. (5.4)
K
This constraint can be solved to eliminate X in terms of W [4]:
27772
X =kW? - x*D? W : (5.5)
1+ A+V1+2A-5?
where we have introduced
2 L K2 -
A= ?(D2W2 +D*W?) = A", B= i?(D2W2 — D*W?) = B*. (5.6)
and denote their lowest components as
A= Alp—o,  B=DBlp—o. (5.7)

Before imposing the constraint (5.3), the most general N' = 2 supersymmetric two-
derivative action is given in (4.3), depending on a prepotential and implemented by two
(electric) FI-terms which are linear in the N' = 1 superfields X and V. After imposing
the nilpotent constraint, the prepotential becomes linear in the A/ = 2 superfield which
gives vanishing contribution upon integration over the chiral superspace, and one is left
only with the two FI-terms leading to the DBI action and the standard FI-term. The DBI
action arises from the term linear in X:

L= 4:92 </ d29X+/d20X> : (5.8)
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More generally, we can also consider a complex coupling constant

L= %Im <7’/d29X> , (5.9)

47 0
= — 4+ —. 5.10
T 92 + o ( )

where

In the absence of #-angle and v deformation, the above action gives rise to the standard DBI.

5.1.2 With phase deformation
In the presence of a phase ¢, eq. (5.9) is modified to

1, 1. -5
—eX = WW — 5XD2X. (5.11)
K
Nevertheless we can absorb the phase into X by defining X = ¢ X:
1~ 1 . 1 . _ o 1~ _. =
—X = (X)) =WW — 5(e“f’x)D?(e—“bX) =WW — 5XD?X. (5.12)
K K

The solution is then the same as (5.4) except for the replacement of X with X:

X = (/<;W2 — k3D? [ wewe D . (5.13)
1+ A+V1+24A-B2

The action is

Im( / d29X> Im< / dQHe_’¢X> Im< / d29X> (5.14)

where 7 = e 7. Therefore the effect of a phase deformation in the action is to rotate
the phase of the complex coupling constant. In the following we will consider a general
complex coupling constant which by default has incorporated the phase ¢ already.

5.2 Bosonic part

In this subsection, we will work out the bosonic part of our deformed DBI action. It turns
out that in spite of the general deformations, the resulting bosonic action still takes the
well-known form of the bosonic DBI action.

To evaluate the action, let us recall the component expression of the deformed vector
multiplet

Wo = —idq + 0oD — i(0"0) o Fp + 00(5" 0\ ), D =d+ iy, d,yeR, (5.15)
which satisfies the deformed Bianchi identity (2.32). Then we can calculate
W?=C + 0+ 00F, (5.16)
with

=\,  ¢p=-2iDI\g+2F,0"s\s, E

1 o : <
D% — 5(F2 +iFF) — 2iAd" 9\,
(5.17)
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where

v n 0 1 vpo
F?=F,F", FF=F,F"= 2" Fur Fpg (5.18)
In the pure bosonic case A = A = 0, we have
1 ~ - T = 1 ~
W? =00F = 60 |D? — 5(F2 + iFF)} ., W?*=00E =60 [DQ — §(F2 — iFF)] .
(5.19)

Since in this case W2, W?2 only have non-vanishing 6 component E, E # 0, A, B in (5.6)
can only contribute through their lowest components:

A= Alg_o = —2k*(E + E) = 2x2 (F2 —9(d? - 72)) : (5.20)
B = Blo—o = —2ik*(E — E) = —2#> (FF - 4d7) . (5.21)

With these ingredients, we can now calculate

/d20X = /d29 (wv? — k3D? [ WEW? D
1+ A++V1+24-B2

21172
=K / d2OW? + 43 / d*0d*0 ww
1+A+\/1+2A—82

EE

= kE + 4x° : (5.22)
(1+A4+Vit2a-B?)
We can decompose it into real and imaginary parts
2 = 3 EE 1
2Re [ d?0X = k(E+E)+8k - [1—\/1+2A—B2} , (5.23)
(1+A+V1+24-B) ‘9_0 2k
_ 1
2Im/d20X = —ir(E-E) = -B, (5.24)
K
and then express the bosonic action as
1 2
L=—TIm|(7 [ d0X
8Tk
- Re/d29X+ f Im/d29X
292k 1672k
1 0
- 1= V14 24-B| + =
8¢g2K2 { +24 + 64722
. \/ 4k2 (F2 — 2 — 12)) — 4t (FF — ddy)” FF — 4d
= g |11 (7 2@ =) et (PP —ady) | = 50 (PP = dn)
(5.25)

Note the term 6~d which is reminiscent of the standard FI term £d. This might provide
an alternative realization of supersymmetry breaking via deformation and a non-vanishing
f-angle.
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Solving the constraint:

25

a7 =0 (5.26)

we get the auxiliary field

L nERR 7907/ + 4R2F? — 4 (FF)? o)
8v2K% + 1 2¢/2/42k2 (¢102 + 64n1) + 87’ ’ '

where we introduced a renormalized coupling
2
) K

Substituting d back, one gets the final bosonic action

1 OFF 1 02g472/%2\/
L= - - 1+ =L = det (i + 2V2RE, ).
8g2k? 327w (8y2k%2 4+ 1)  8¢?kk + 8md et (s + 2V 2Ry

(5.29)

This action takes the form of a standard bosonic DBI action, except for the couplings which
are renormalized by the deformations.
If we set 0 = 0, the action simply reads

1 1
- \/ — det (mw + 2\/§%Fw,) . (5.30)

B 8g%2k%  8g%kk

If we furthermore set v = 6 = 0, it reduces to the conventional DBI

1 1 y
L=ian [1 - \/— det (1 +2v25F ) | = g (5.31)
It is worth reminding that in string theory
ges

5.3 SUSY breaking

We now investigate supersymmetry breaking of our deformed DBI action.

5.3.1 SUSY breaking in standard DBI+FI

For comparison, let us first consider the standard DBI +FI model. We also restrict ourselves
to the bosonic part

1 2 27 v 5/2 27
— S
L Hz(/d@}( /d&}()—i—ﬂ d“0d-0V

1 9 -\ 2
= 52 [1—\/1+4/<a2(F2—2D)—4/<4 (FF)

+=-D. (5.33)

£
NG
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The auxiliary field can be solved

N\ 2
925\/ 1+ 4k2F2 — 4 (FF)

D=- ) 5.34
VBT gne? .
whose vacuum expectation value is given by
2
9§
D) =— . 5.35
O Ny 3%
This leads to the following bosonic action
1 V1 + gik2€2 N\ 2
S = gz gz |1 AR — st (FF)". (5.36)
Just like the deformations, the FI parameter £ also renormalizes the couplings.
The fermion transformation are
S A = €Q\ = V/2iY3e = iDe,
- ~ - 1
SeA = QN = —V2(Yy —iYy)é = —V2 (F + 2) €, (5.37)
K

where F can be solved from the constraint (5.5) and expressed in terms of (D). The left-over
supersymmetry has to be a linear combination of the N' = 2 supersymmetries:

S =c1Q+ Q. (5.38)
The ratio r of the coefficients is given by eq. (2.45)

c2 1Y3 ig2KkE

r=-—=-= = — ) 5.39
c1 Yo—1iYp 14 /1 + ¢g*K2¢2 (5.39)
Then indeed the supersymmetry transformation S leaves the fermion invariant
N =€eSA=0. (5.40)
The residual supersymmetry can be more compactly written as
So = €05 Qg — i5in PQ4 , (5.41)
with
2
tan p = ‘02' = |r| = 9°KE . (5.42)
c1 1+ 1+ g*k282

Therefore, the FI term does not break the supersymmetry in the DBI action. Instead, it
rotates the supercharge in the N' = 2 space.
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5.3.2 SUSY breaking in deformed DBI

Now we study the supersymmetry breaking in the deformed DBI action.

From (5.5), we can solve the auxiliary field in X in terms of the auxiliary field in W

D2D?

— Fe ' = kD? + 443 ,
14+a++V1+2a— b2

where

D=d-+ivy, D=d—iy, a = —4r%(d* — %), b= 8k2dy.

More explicitly, the F and F solutions are

il t 8ik2dy — /(1 — 8d%K2)(1 + 8Kk242)
= —e¢
4K ’
i1 — 8irPdy — V(1 — 8d2k2)(1 + 8k242)
—e :
4Kk

F

F—

This enables us to construct the Y vector

y o (F=F_ L e FHF 1 4 dtiy
2 4k 2 " 4k" 2

B (—\/(1 — 8d2k2)(1 + 8k242) sin ¢ + (i — 8dk>7) cos ¢
= 4,{; Y

V(1 — 8d2k2)(1 + 8k2y2) cos ¢ + (i — 8dk?7y) sind d + iy

4K T V2

One can easily check that
Y Y=0,

(5.43)

(5.44)

(5.45)

(5.46)

(5.47)

(5.48)

implying that there is always a residual N/ = 1 SUSY according to our previous arguments.

However, the following SU(2)g invariant quantity is not zero:

B 1
- 8k2

1

Y. Y* — .
8Kk

+92 =

This defines the partial supersymmetry breaking scale of the theory.
The unbroken supersymmetry can also be worked out as before

Sa = cos pQ, + sin cp@a ,

with

iY3
Yy —iY1

V148262 — V1 — 8d?K2
\/1—1—872&2—1—\/1—8(12%2’

tanp = |r| = ‘

where d is the VEV

19°0
2v/24/12K2 (902 + 647%) + 8t
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Note that all the possible phase factors have already been absorbed into the definition of
supercharges.

Thus, we see that we can only partially break the supersymmetry in A/ = 2. In order
to break the supersymmetry completely, we need to consider multiple DBIs corresponding
to several U(1)s, just like what we discussed in the generalized APT model. In fact, the
situation is similar to D-branes in string theory whose low energy effective action (for a
single D-brane) is the supersymmetric DBI, where half of the bulk supersymmetries bro-
ken by the D-brane are realized non-linearly on the world-volume. When the bulk has
N = 2, for instance in type II superstring compactified on a Calabi-Yau threefold, the
world-volume theory has one linear and one non-linear supersymmetry, as in our case of
study. A constant magnetic field along the internal directions induces an FI term that one
would naively expect to break the linear supersymmetry. However, in the absence of other
branes or orientifolds, the magnetic field just rotates the direction of linear supersymmetry
or equivalently upon T-duality it rotates the brane. In order to realize complete super-
symmetry breaking, one has to consider a system of at least two magnetized branes, or
equivalently branes at angles in the T-dual version [14-16].

5.4 Fermionic part

As we have seen before, the bosonic part of the deformed DBI action takes the standard
form of the bosonic DBI action after eliminating the auxiliary field. The only role of the
deformations is to renormalize the coupling constants. This is quite similar to the standard
DBI+4+FI model. So purely from the bosonic sector viewpoint, it seems that our deformed
DBI is the same as the standard DBI4-FI model. In order to find a possible difference, we
should also analyze the fermionic part of the action.

The most straightforward way to consider the fermionic contributions is to directly
expand the superfields from the (5.9) action [5]. This is quite tedious and may not be
illuminating. Instead, we will follow the non-linear supersymmetry formalism presented
in [8]. Using this formalism, it was found that in the standard DBI+FI model, the FI
parameter generates an extra term besides renormalizing the coupling constants. It is
exactly this extra term that is responsible for the gauging of R-symmetry when coupled
to supergravity [17]. We will use this non-linear supersymmetry formalism to obtain the
fermionic part of the deformed DBI action. A first analysis indicates that the extra term
arising from the FI parameter does not appear and all deformations can be absorbed in
the parameters of the standard DBI, exactly as for the bosonic part. This suggests that if
we couple the deformed DBI action to supergravity, it may not be necessary to gauge the
R-symmetry.

5.4.1 The non-linear supersymmetry formalism

Before discussing the fermionic part, let us first review the non-linear supersymmetry
formalism elaborated in [8].
Consider a Lagrangian of the type

L=FX4+FX, (5.53)
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which transforms as
SL = 6FX + 6FX = —2i0,(xo"eFX) — 2i0,(ec* Y FX) . (5.54)
Here x, is the goldstino in the chiral basis, transforming in the following way
OXa = €q — 210" €mXa - (5.55)

This “chiral” goldstino x, is related to the Volkov-Akulov (VA) goldstino 1, via a field
redefinition [18].
Then up to boundary terms we can rewrite (5.53) as

L = det A% (B + B), (5.56)
where
B = e FX , (5.57)
e=—1)
and
Al =62 — 10 po ) 4 ipo O . (5.58)

Note that det A = det A%, is just Volkov-Akulov action density of goldstino.

5.4.2 Standard DBI+FI
The standard DBI action can be constructed from the nilpotent N' = 2 superfield W

_ 1 2 20 v
L= </d 6X+/d ex> , (5.59)

where X is given by (5.5) with W the standard field strength superfield of a vector multiplet.
As shown in [8, 19], FX = — (i + %D2X|) indeed transforms in the proper way (5.54),
thus we can apply the above formalism. The Lagrangian can be rewritten as

N T & S S o N S a 2
L= i <K+F +F )_4@2 <K+detAm(B+B)>, (5.60)

where

B+ B = % (FX + FX)

e=—v
- 66: [(FX + FX)bosonic]

=1

_ 653% 241 \/1 + 452 (F? — 2D?) — 4t (FF)2
=
1 [_1 - \/1 + 42 (F2 - 2D2) — 4t (FF) 2] . (5.61)
2K
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Note that in the second equality, we used the property that the gaugino A transforms as

0

€% \|c=—y = 0. Some rules to implement the operation e’ can be found in [8]. We also

introduced the following quantities:

D = % D|—_y, Fup = (A"H™ (A (Ot — Ontin), U = A% V| c=_y
(5.62)
where v, is the U(1) gauge field. Here D should be regarded as the new auxiliary field
although it is composite.
Therefore the standard supersymmetric DBI action written in non-linear supersym-

metry formalism is!?

1 N2
SDBIZW/d4x [2—detA 1+\/1+4/£2 (F?2 —2D?) — 4k* (.F]-") ” (5.63)

We can further add the FI term in the DBI action
Lo = = / oV . (5.64)
V2

The non-linear supersymmetry formalism can also be applied to rewrite the FI-term but in
a more involved way than the DBI action. Indeed, upon decomposing the real superfield V
into several constrained superfields and making use of their properties, it was shown in [8]
that the FI term can be rewritten as:

1 i

2v2 V2

Eliminating the auxiliary field D, we get

L Edet A-D— —&det A - ePU(A™)"0,0]0p[(A™N)F V) (A™) ™ U, . (5.65)

N2
SDBILFI = 1 /d4x [2—detA<1+\/1 +g4/<92§2\/1+4/<52}"2—4/i4 (.7-"]-") )]

8¢2k2
_\;iffd"fx det A - 6abccl[(A—l)an nl/)]Ub[(A_l)ckak'lE] (A_l)dmum- (5.66)

The second line is responsible for R-symmetry gauging when coupled to supergravity [8]:
when lifting to supergravity, (A=1), "0, Y® — Dath® = e Dpp® — ﬁ@g +...,8 and
thus the second line generates the coupling —4&§Mi}2)eklm”\llkal\i’mvn, indicating the R-
symmetry gauging in supergravity that makes the gravitino charged under the U(1) of

gauge potential v,. A direct derivation of the above action by expanding the DBI, as well
as the deformed one in the next subsection is under way [5].

12Note the constant term proportional to det A, in agreement with ref. [20] and an updated version of
ref. [8]. We have checked eq. (5.63) by a direct computation of the DBI action expanded up to terms of
dimension eight [5].

13Unfortunately we have a clash of notation here. For clarity we use ¢ to denote the goldstino and ¥ to
denote the gravitino.
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5.4.3 Deformed DBI

Now we turn to our deformed DBI. We would like to use the non-linear formalism intro-
duced in the previous subsections to rewrite the deformed action (5.9)

1 T 1
L= _——1 d*0X | = —-D*X c. 5.67
87T/<em<T/ > 1671'/%'( 4 ’>+CC’ (5.67)
in terms of the new variables. Assuming that the non-linear supersymmetry formalism
applies also in the presence of the v-deformation,' one can show that
T 1 1
FX =~ — +-D*X 5.68
167K <2/<; i 4 ‘) ( )

also transforms in the way like (5.54).
Hence we can still use the non-linear supersymmetry formalism to rewrite the La-
grangian as

1 _
L= +FPX 4+ F¥

4,1292
1 _
where
B+B = * (F*+F¥)| .
- 66: [(FX+FX)bosonic]
e=—p
S P N 1—\/1+4n2 (F2—2(d2—~2))— 4k <FF—4d7>2
4:‘1292 892:‘12
0 ~
o (i)
e=—¢
1 . 2 0 -
— 1 2 2_ 2_~2)) Al _ _ _
= s [ 1 \/1+4,€ (F2—2(d?—~2))—4k (]—"}" 4d7)] 5 (ff 4dv).
(5.70)
Here d defined by
d=e"dl—_y, (5.71)

is the new composite auxiliary field. Since 7 is a constant number, it does not get modified:

v =€ =y (5.72)

14 Although, naively, it seems that this is indeed the case, a more careful analysis is needed that goes

beyond the scope of the present paper. Explicit calculations are ongoing to check this assumption and
clarify the difference between our deformed DBI and the DBI+FI actions [5].
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Then the complete result takes the form

- 1
L =det A(B+ B) + Inig?
= det A L -1- \/1 +4K% (F?2 —2(d? — ~?)) — 4k* (]—".7:" — 4d7)2 + id’y
8g2 K2 82
1 .
9 qetA.FF (5.73)

+4n2g2 3272

The last term is a total derivative: using the definition Fu, = (A*I)Z”(A*I)Z Sfmn, with
fmn = OmUn — Onuy, the standard field strength of u,,, one finds

a Cc

" 1 1
det A+ FF = det A S FopFog = 5 det A+ ™ (AT)ATDF(AT)(AT)afoun fia

1
=3 det Akl det(A_l)fmnsz

1

This is a total derivative and thus can be dropped in the spacetime integral.
Eliminating the auxiliary field and dropping the total derivative term FJF, we get the
deformed DBI action expressed in the non-linear supersymmetry formalism:

1 4 P 029472%2 N
S:W/d$[2—det/1<1+% 1+W _det(nﬂy+2\/§/{fﬂy) .
(5.75)

Especially we see that the second term in (5.66) does not appear here, suggesting that
there is no need to gauge the R-symmetry in order to couple to supergravity. Thus this
case with deformation seems different from the DBI+FI model.

6 Conclusion

In this paper, we considered the general deformations of N = 2 supersymmetry transfor-
mations for a vector multiplet. We have shown that they are dual to the triplet of FI
parameters under EM duality. We have then studied the effect of the deformations to the
general N’ = 2 two-derivative action with generic prepotential, as well as to the DBI action
realizing one of the supersymmetries non-linearly. We computed the scalar potential and
showed that for generic FI terms and deformation parameters, the vacuum is always N = 1
supersymmetric. The complete breaking of supersymmetry requires the presence of at least
two U(1)’s in analogy with the situation of branes at angles in string theory.

We also showed that the D-deformation induces an FI term proportional to the theta-
angle. However, after the elimination of the auxiliary field, all deformations can be absorbed
to a redefinition of the DBI parameters (brane tension and coupling constants) at least
within the bosonic sector of the theory. This is also the case of the standard DBI +
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FI action, implying that the FI parameter and deformation are unobservable within the
bosonic sector of the theory. This property is reminiscent of a brane rotation in string
theory. An important difference, however, seems to appear in the fermionic sector, where it
was observed that the FI term leads to an extra contribution to the action written explicitly
in the formalism of non-linear supersymmetry [8]. Applying this formalism in our case,
where the FI term is generated by the deformation via the theta-angle, we do not find any
extra contribution. An explicit computation is currently performed to clarify this point [5].
If such a difference indeed persists, an interesting question is to compare the two theories
with the effective action of D-branes in the presence of induced FI terms, for instance via
internal magnetic fields [14-16]. Note that the extra fermionic contribution appears to be
related to the gauging of R-symmetry when coupled to supergravity, suggesting that its
absence does not require such a gauging for our case. Another interesting question is to
study the effect of the deformation associated to the change of the Bianchi identity at the
N =1 level and its coupling to supergravity [12].
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