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Gibbons-Hawking-like terms appear naturally when using (codimension one) superfields.
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1. Introduction

In the last decade there was a revival of interest in theories on a manifold with boundary.
It started from a ground-breaking paper by Horava and Witten [, who showed that
eleven-dimensional supergravity on a manifold with boundary appears as one of the low
energy limits of the heterotic string theory. Soon after, Mirabelli and Peskin [ introduced
a simplified construct of a five-dimensional globally supersymmetric Yang-Mills theory
coupled to a four-dimensional hypermultiplet living on the boundary. They argued that
the analysis of this simpler system can provide useful insights into various aspects of the
more complicated Horava-Witten theory.

Another fruitful research direction started with the work of Randall and Sundrum
B, H]. They showed that if our four-dimensional world is localized on a three-brane in a
five-dimensional space-time with negative cosmological constant, then there is an attrac-
tive geometrical solution to the weak/Planck hierarchy problem. This scenario was later
supersymmetrized [J-[{]. In ref. it was shown how to unify the original approaches to
the supersymmetric Randall-Sundrum scenario, and the issue of supersymmetric boundary
conditions was addressed.

The original idea for the work presented here and in the companion paper, ref. [fJ], was
to understand why the use of boundary conditions was essential in the supersymmetric
Randall-Sundrum scenario, but apparently was not important in the Mirabelli and Peskin
model. The results of this research show that both statements require some adjustments.
In this paper we will show that the use of some boundary conditions is required for super-
symmetry of the Mirabelli and Peskin model, while in ref. [[J] we find that supersymmetry
of the Randall-Sundrum scenario requires the use of fewer boundary conditions than was
previously assumed.

Another motivation for this work was to understand the structure of boundary condi-
tions in the Mirabelli and Peskin model, in particular, their closure under supersymmetry.
We present here a set of Neumann-like boundary conditions (which we call “natural” fol-
lowing ref. [I0]), which guarantee that the general variation of the action vanishes for
arbitrary variations of the fields on the boundary. (That is the boundary conditions are
derived exactly as the bulk equations of motion.) These natural boundary conditions re-
duce to “odd = 0” ones (the vanishing of the odd fields on the boundary) only when there
is no coupling of the bulk fields to the boundary. We emphasize that it is inconsistent to
assume the “odd = 0” boundary conditions when the coupling is present (unless it is only
a zeroth-order approximation in the perturbative calculations).



As was explained by Horava and Witten [[ll], any theory on a manifold with boundary
can be equivalently described as a theory on an orbifold, when a mirror image of the
fundamental domain is introduced with the corresponding identifications. This leads to two
descriptions of the same theory: the “downstairs” (boundary) picture and the “upstairs”
(orbifold) picture. In the boundary picture we speak of “boundary,” in the orbifold picture
we have a “brane” (a set of fixed points of the mirror reflection). Both pictures have some
advantages, but the boundary picture is more fundamental.

The Mirabelli and Peskin model [ was originally set up in the orbifold picture. One of
the results of ref. [P] was to provide an algorithm for coupling bulk fields to brane-localized
fields in a supersymmetric way. In this paper, we show how the model can be formulated
in the boundary picture. We eliminate the mirror image space and work directly on the
fundamental domain with boundary. The boundary conditions follow, as in the orbifold
picture, from the variational principle provided we include a special Gibbons-Hawking-
like boundary term [[L1] (we call it “Y-term” to acknowledge the work of York [13, [Ld]).
This boundary term is also required by supersymmetry. We show how the Y-term follows
naturally when using the codimension one (D =4, N = 1) superfields, which makes them
very useful in constructing supersymmetric bulk-boundary couplings. Eliminating auxiliary
fields, one then obtains on-shell formulation which is free of §(0) ambiguities present in the
orbifold picture.

The paper is organized as follows. In section [, we review the original formulation of
the Mirabelli and Peskin model: off-shell, in components, on the orbifold. In section [, we
derive the natural boundary conditions and discuss their closure under supersymmetry. In
section [l, we turn to the superfield formulation of the model and show how the boundary
conditions are reproduced. In section [], we present the formulation of the model in the
boundary picture. We discuss there the derivation and the role of the Y-term. In section [g,
we discuss the on-shell case (when the auxiliary fields of the model are eliminated). There
we show that in the orbifold picture, as in the off-shell case, we still do not need to use
any boundary conditions to establish supersymmetry, whereas in the boundary picture, the
use of some boundary conditions is required. We also show that the “odd = 0” boundary
conditions are consistent only as free field boundary conditions. Finally, in section [f, we
discuss the transition between the boundary and the orbifold pictures.

The appendices [A] and [§ contain some technical details, which are separated for clarity
of discussion. The basic conventions are the same as in ref. [§.

2. The component formulation

In this section we write the model of Mirabelli and Peskin, adjusting it to our conventions.
We present the model in its original formulation: on the orbifold, in components, with
off-shell field content. In the later sections we present the model in other settings: on a
space-time domain with boundary, in the superfield formulation, and truncated to on-shell
field content. For simplicity, we consider only the abelian case, since it is sufficient for our

purposes.



2.1 Bulk lagrangian

The bulk lagrangian is the standard globally supersymmetric lagrangian for an abelian
gauge multiplet, (Ayr, ®,A;, X,), in five dimensions (M, N = {0,1,2,3,5}, 7,5 = {1,2},
a={1,2,3}),

1

1 |~ 1
L5 = —ZFMNFMN — §3M<I>0M‘I> - %AZPMaMAi + §XaXa : (2'1)

Here Fjsn is the field strength for a gauge boson A, ® is a scalar, A; is a symplectic-
Majorana spinor, and X, is a triplet of auxiliary fields. The lagrangian has four global
symmetries (supersymmetry, translation, Lorentz and SU(2)), and one local invariance
(U(1) gauge invariance). The Lorentz transformation is standard and it is not important

for our discussion. The other transformations are
e (global) supersymmetry (with fermionic parameter H; = const),
S AM = iHTMA,
n® = iHIA;

~ : (2.2)
nXa = Hi(oa)ITMOyA,
Sl = (SMNFyy +TM Oy @) Hi + iXo(00)i My 5
e (global) translation (with parameter v = const),
8u(Ant, @, Xa, Ay) = v O (A, @, X,y Ai); (2.3)
e (global) SU(2) rotation (with constant matrix parameter U € SU(2)),
N =UiN;, X/ o4 =U(Xe00)UT; (2.4)
e (local) U(1) gauge transformation (with parameter u(x)),
OuAr = Opu . (2.5)

(In the above, the o, = {01,09,03} are the usual Pauli matrices.) The lagrangian L5 is
invariant (0L5 = 0) under the U(1), SU(2) and Lorentz transformations, but it changes
into a total derivative under the translation and supersymmetry transformations,

6uls = O (WM L5),  OnLls=OuKM, (2.6)
where KM is given in eq. (A4). The supersymmetry algebra has the following form,
0=, 03] = vR 0K + 6, , (2.7)
where the parameters of the translation and the U(1) transformation are

o = 2(H'TEE),  u=—2i(H'TKE)Ax — 2i(H'Z)® . (2.8)



2.2 Breaking N =2 to N =1 supersymmetry

We will use the two-component spinor notation, in which the symplectic-Majorana spinors
A; and H; are represented by pairs of two-component spinors: (A1, A2) and (91,72) (see
appendix @) After the M = {m, 5} split and in the two-component spinor notation, the
lagrangian assumes the following form,

1
!

. B . B 1
— %Alo'mam)\l + %)\QO'mam)\Q + 5()\285)\1 — )\185)\2) + h.c.|, (2.9)

1 1 1 1 1
Ls Fpn F™" — §Fm5Fm5 — Eamcpamcp — §a5<1>85<1> + §X12Xf2 + §X§ —

where X192 = X;+iX5. The lagrangian is invariant (up to total d,, and 95 derivatives) under
the supersymmetry transformations with arbitrary (constant) n; and 72. The lagrangian
is, therefore, N = 2 supersymmetric.

In the presence of a brane/boundary, we can keep only half of the bulk supersymmetry
intact. This statement is based on the following standard argument. The commutator of
two supersymmetry transformations generates a translation with parameter

o = 2(H'TKE) . (2.10)

The brane breaks translational invariance, allowing only v®> = 0. (We assume that the
brane/boundary is located at 2° = const.) For the supersymmetry parameters this implies

V5 = 2(ne&) — méa) +he. =0. (2.11)
Therefore, the two supersymmetry parameters have to be related,
N2 = am , (2.12)

where « is an arbitrary complex constant. This eliminates one linear combination of 7,
and 7)9; the orthogonal linear combination describes the unbroken N = 1 supersymmetry.

Note that such supersymmetry transformations still generate a non-zero U(1) trans-
formation with

u=—2[i(mo™& +neo™E) + h.c|A,, . (2.13)

This implies that the brane/boundary action we will introduce must be gauge invariant
(for the total action to be supersymmetric).
We choose to preserve n; supersymmetry, so that from now on we set

e =0. (2.14)

Any other choice of « (preserving another linear combination of 7; and 72) can be obtained
by a global SU(2) rotation (see appendix [A.3).

Under the N =1 (n = 1) supersymmetry, the five-dimensional gauge supermultiplet
splits into two four-dimensional supermultiplets (see appendix [A.4), the gauge and chiral
multiplets,

(’Um,>\,D) — (Ama)\laXfS - af)q)) (215)
(62,2, F2) = (B + A5, —iv2X2, —X12) . (2.16)



The bulk lagrangian can also be written in terms of these fields,
Ls = = 0mnt™ = S (50m)(050™) = 5On¢20™ ¢ + S FaFy + §D2
—5(3771(752 — O @3)050™ + §D55(¢2 + ¢3)
i

i m By i m "
— (5)\0' 8m)\ + ZT,ZQO- m¢2 + 2\/5

(1205 X — NOs1p2) + h.c.) . (2.17)

2.3 Brane lagrangian

In the orbifold picture, the bulk action is invariant under supersymmetry because the total
derivative terms integrate to zero. Therefore, to have a supersymmetric bulk-plus-brane
system we simply need to add a supersymmetric brane action, containing couplings between
the induced bulk fields and intrinsic brane fields.

We consider a four-dimensional chiral supermultiplet (¢, 1), F') living on the brane and
couple it to the bulk vector supermultiplet (v, A, D). The brane lagrangian is therefore the
standard four-dimensional lagrangian [24], coupling the two multiplets in a gauge invariant
way, !

i

L4 = —Dp¢D"¢* — iha " Dpptp + FF* + %

* SWA 1 *
(6N = OX0) + 500D, (218)
where D,,, = O, + %vm .
The brane lagrangian is invariant (up to a total 0, derivative) under the standard
supersymmetry transformations, see egs. ((A.2() and (JA.24). It is also invariant under the
U(1) gauge transformation (see appendix [A4),

utn = Dutt, 6u(0,00 F) = — (6, F) (219)

3. Boundary conditions

We will consider first the orbifold picture, where the bulk action is L5 integrated over
R4 and the brane action is £4 integrated over the hypersurface 2® = 0. In this picture,
both total 0, and 05 derivatives can be neglected. The bulk and brane actions, therefore,
are separately supersymmetric, which is true without reference to any jump/boundary
conditions. However, the presence of the brane-localized sources (due to the brane action)
requires certain jump conditions across the brane to be satisfied. And when we impose
the Zs symmetry, these jump conditions turn into boundary conditions on each side of the
brane. In this section we derive these boundary conditions and discuss their closure under

the N = 1 supersymmetry transformations.?

! The coupling constant @ can be made explicit by multiplying every v, A and D in £4 by Q. The
right-hand sides of the boundary conditions, eqs. (E) and (E), are then also multiplied by @, so that
turning the coupling off (setting @ = 0) gives the “odd = 0” boundary conditions. In the non-abelian case
[HL the strength of the coupling is dependent on the coupling constant g of self-interaction of the gauge
fields; the decoupling happens when the brane chiral multiplets are in the trivial representation R of the
gauge group: tfb =0.

2The closure under supersymmetry of boundary conditions in various supersymmetric theories was dis-
cussed before. Some of the early references are refs. [E, E] For a more recent discussion see refs. [E, @]



3.1 Primary boundary conditions

In the orbifold picture, the bulk and brane lagrangians can be combined into a total bulk-

plus-brane lagrangian,
L=L5+2)Ly, (3.1)
where the delta-function §(z) is localized at z = 2° = 0. The equations of motion for this

lagrangian are straightforward to derive and are summarized in eq. (A:30). The §(z)-terms
in the equations enforce the following jump conditions,

[Fs] = —5(6Dn" — 6" D) — 5000,
@] = 506" (32)
N = 6w

V2

where the square brackets denote the jump across the brane,
[@(z)] = ®(z, 2 = +0) — ®(z, 2z = —0) . (3.3)
Let us now introduce a Zy parity, f(—z) = P[f]f(+z), according to
P[A;, A1, X3] = +1, P[A5, Ao, X12,P] = —1. (3.4)

(As usual, we call P[f] = +1 fields “even,” and P[f] = —1 fields “odd”.) These parity
assignments are consistent with the equations of motion and the supersymmetry transfor-
mations. They allow us to rewrite the jump conditions as boundary conditions for fields
at z = 40,

Bi(An) : 25 2~ (6Dpd” — 6*Dpud) — 500w T
Bi(®) :20 T —%w* (3.5)

Bl()\l) : 2)\2 JFZO —%gb*ﬂ) .

The bulk-plus-brane equations of motion split into bulk equations of motion (for the
bulk fields), brane equations of motion (for the brane fields, both intrinsic and induced
from the bulk) and boundary conditions (relating near-brane values of the bulk fields to
the brane fields). For a general variation of the bulk-plus-brane action to vanish, all the
equations of motion and the boundary conditions must be satisfied. On the other hand, the
variation of the bulk-plus-brane action under the supersymmetry transformations vanishes
without the use of either equations of motion or boundary conditions.



3.2 Secondary boundary conditions

If supersymmetry is a true symmetry of the bulk-plus-brane system, the boundary con-
ditions should also be invariant under the supersymmetry transformations. The primary
boundary conditions By (A;,), B1(®) and Bi(A;) do not form a supersymmetric system of
equations. However, after a finite number of the supersymmetry variations, we arrive at a
supersymmetric system including both the primary and secondary boundary conditions.

The structure of the supersymmetry variation for this system of boundary conditions
is as follows,

oy B1(®) = Bi(A1)
(577B1()\1) = Bl(Am) D BQ(}\l) ) Bl(q))
onBa(A\1) = B2(Am) @ Bi(\1) (3.6)
577B1(Am) = BQ(Am) D Bl()\l)
5?7B2(AM) = B3(Am) ©® Bl(AM)
OyB3(Apm) = Ba(Am)
The secondary boundary conditions are
Ba(Ap) : 2050 £ oM TD b+~ F* 4 26 A
m) = —o m — =
2 5 A1 /5 /2 5 1
Ba(\) :2X1 2 Fgr (3.7)
B3(Ay) : 205D 2 7,
where £ is real and differs from £4 by a total J,, derivative,
1
4 = —Dn¢D"¢" + FF" + §¢¢*D
1 — — 7 _
—— (Yo" D) — Dppa™ ) + —= (" Mp — ) . 3.8
5 (V0" Dol = Do) + (6" A — 6AY) (35)

Note that the boundary conditions are gauge invariant.

The fact that the boundary conditions are closed under supersymmetry implies that
they can be cast in a superfield form. This is indeed so, as will be shown in the next
section.

4. Superfield description

N = 1 supersymmetry can be conveniently described in terms of superfields [P4]. For the
Mirabelli and Peskin model, the superfield description of the unbroken N = 1 supersymme-
try was discussed in ref. [[§]. In this section, we use this description to cast our boundary
conditions in a superfield form. We also find that the superfield description leads to a bulk
lagrangian L5 different from L5 by a total derivative term, which produces the necessary
boundary lagrangian in the boundary picture.



4.1 Bulk and brane lagrangians

The N = 2 five-dimensional supersymmetric theory can be described in terms of N = 1
four-dimensional superfields. The vector supermultiplet (v, A, D) and chiral supermul-
tiplets (¢, %, F) and (¢2,19, F5) are described by a real vector superfield V (in the WZ
gauge) and chiral superfields ® and ®, respectively. The component expansions are given

in appendix B.1l The gauge transformation, egs. (A:23) and ([A.29), generalizes to a su-

pergauge transformation, parametrized by a chiral superfield A,
SV=A+Al, §6&=—A®, §P,=205A. (4.1)
Let us consider a supergauge invariant lagrangian that can be built from the superfields

V and ®,,

1 —
L5 = 1 / d?0 WW + h.c. + / d*0d*0 7* (4.2)

where W is the field strength for V (see ref. [24]), and
1
Z =05V — (@24 o) (4.3)

is defined following ref. [[[J]. Both W and Z are invariant under the supergauge transfor-
mation, eq. ([.1]). Expanding in components and comparing with eq. (R.17), we find

L 1 sy L 37 1o om £)2
L5 = L5+ 05 ( 5 (92 +¢2)D 2\/5()\7/)2 >\¢2)> +1g9m9 (2 + )" . (4.4)
Or, in terms of the original bulk fields,
[,5/ = L5+ 05 (—CI)D — %()\1)\2 + h.C.)) + iamam(qﬂ) . (4.5)

In the orbifold picture both total derivatives can be neglected. But, as we will see in the
next section, in the boundary picture the total J5 derivative gives rise to an important
boundary term.

The brane action can also be written in the superfield form. The following lagrangian,

Ly = / d?0d?0 ®TeVd | (4.6)
differs from L4, eq. (B-1§), by a total 9y, derivative,
LY = L5+ 1000 (66")
= L+ T0n0"(60°)  20m(40™F) @)

Therefore they both lead to the same brane action.
It is clear that using the D = 4, N = 1 superfields keeps the N = 1 (n = n;) super-
symmetry manifest. A less obvious observation is that under the N = 1 supersymmetry,

the bulk lagrangian L5 varies into a total 9, (not das) derivative term, that is

0,L5" does not contain a 95 term.




(This is so because for the D = 4, N = 1 superfields z® is just a parameter. The highest
component of a superfield varies into a total derivative, which is 9, for our superfields.)
This ensures that L5’ automatically gives rise to a supersymmetric action both in the

orbifold and boundary pictures!

4.2 Boundary conditions in the superfield form

In the orbifold picture, the (superfield) bulk-plus-brane lagrangian is
/ / / 1 2
L'=L54+Ly0(z) = Z/d 0 WW + h.c.
+ / d29d25{z2 + <I>TeV<I>5(z)} , (4.8)

where Z = 05V — %(@2 + ®57). One can derive the equations of motion directly from
varying the superfields [B4]. The variation of chiral superfields requires some care. But in
our case all boundary conditions come from varying the vector superfield V. Keeping only

terms with 05 and 0(z), we obtain,
5L = / d29d2§{5v[ — 2057 + B evi’é(z)} + 05 [2z5v} } T (4.9)

The total 05 derivative is irrelevant in the orbifold picture. (But, as we will see, it is
essential in the derivation of boundary conditions in the boundary picture.) From the

equation of motion,
2057 = eV ®i(2) + -+, (4.10)

and assuming the parity assignments (B-4) (so that V is even, while ®2 and Z are odd),
we obtain the following boundary condition,
_ ty 10 1 IPAY
2Z:265V—(‘I’2+‘I’2 ) = 5@’ e' P . (411)
Using the component expansions (see appendix [B.2)), we can split this superfield boundary

condition into the following relations for the component fields,

1

L (62 + %) ¥ 09"
o V2 B gy
02 B %¢*F

008+ ~2050, (O — Od3) 2 — L (D" — D) — Lo

=9 . o _L m A +_O _1 * L *
020 - 2i05\ \/50 Ompy = 2).@(? +\/§¢F
i _
—— 0" (D) — YDy,
—1—2\/50 (D — YD)
_ 1 1 1
0°0* : 05D — 10m0" (92 + ¢3) 2 gLat gomd"(@¢7) .

(4.12)

,10,



It is easy to check that these boundary conditions are equivalent to eqs. (B.§) and (B.7).
See also appendix B.J.

Note that in the superfield approach all boundary conditions appear as primary bound-
ary conditions and their supermultiplet structure is manifest.

The superfield derivation also explains how boundary conditions with and without 05
can appear in the same supermultiplet. When V is not in the WZ gauge, 05 appears in
every boundary condition, but fixing the gauge allows one to eliminate terms with 05 acting
on the pure gauge degrees of freedom.

5. Boundary picture

In this section we will discuss supersymmetry and boundary conditions as they appear in
the boundary picture, where our space-time domain is M = R x [0, +-00). The space-time
now has a boundary OM at z = 0. We no longer have to deal with singularities, but now
the total 05 derivatives cannot be neglected. With our setting, we have

/M o KM = /M 05 K° = /W(—K5) . (5.1)

The measures of integration, d°>xz on M and d*z on OM, are implicit.

5.1 The action

In the boundary picture, the bulk-plus-boundary action which leads to the same superfield
boundary condition (}f.11)) is

S = / [,5/ + l [,4/ . (5.2)
M 2 Jom

(We can replace here L£4' by L4 since they differ only by a total 8,, derivative, eq. (1),
which integrates to zero on dM.) Indeed, a general variation of the vector superfield V
gives the following boundary term,

_ 1
68 = / /d29d295V <—22 + —<I)TeV<I>> . (5.3)
oM 2

Requiring this term to vanish for arbitrary 6V, enforces the boundary condition (4.11),

+0 1

27 = @T eV . (5.4)

5.2 Important boundary term

The two bulk lagrangians, £5 and L5, defined in egs. (R.1]) and ([£.2), respectively, lead to
two different actions,

55 /£5 and S5 —/ £5, (5.5)

because of the d5 term in eq. ({.5). The actions differ by a boundary term. Namely,

S5’ = S5 + /8./\/( (cI)D + =(AMA2 + hec. )> (5.6)

— 11 —



We know that S5’ is supersymmetric, because L5’ was constructed out of (D =4, N = 1)
superfields (see the last remark in section [.1). On the other hand, the action S5, based
on the original bulk lagrangian (R.1]), is not supersymmetric in the boundary picture. The
extra boundary term is required to make the bulk action supersymmetric.

5.3 Supersymmetry of the action

It is instructive to check supersymmetry of the action S5’ explicitly. We have
~ 1
65" = /8./\/( <_K5 + 6,(®D) + 5(5,7()\1)\2) + h.c.)> , (5.7)

where KM is given in eq. (A.4). The boundary term can be rewritten as
F"6, A, + ®6,D + X36,® + (A0 A1 + A6, A2 + hoc.) (5.8)

where 5;7’)\1 = iX3n and 6;7)\2 = —(iFms + 0 ®)o™7. Tt is easy to check that this boundary
term is a total 9, derivative. This explicitly shows that the action S5’ is supersymmetric,

6,55 =0 . (5.9)

We conclude that the total bulk-plus-boundary action (f.9),

1
S:/ L5+ Y + - Ly, (5.10)
M oM 2 Jom
where
1
Y =®D + 5()\1)\2 + h.C.) , (5.11)

is N = 1 supersymmetric. This statement does not rely on using any boundary conditions.
The “improved” bulk action S;’ (the sum of terms with £5 and Y'), and the boundary
action (with £4) are separately supersymmetric.

5.4 Variational principle

As we will now show, the boundary Y-term plays the role of the Gibbons-Hawking term
for our bulk action. (We chose letter Y to honor York [13, [[3], whose name could as well
be included in the phrase “Gibbons-Hawking term”.)

Using eq. (A1), we find that the general variation of the original bulk action S5 has
the following boundary term,

1
685 = / (K%)= / <5AnF5” + 6P05P + = (AadA; — A10A2 + h.c.)) . (5.12)
oM oM 2
This expression, however, gets modified when we make the following field redefinition,

X35 — D=X3-050. (5.13)

- 12 —



Considering D (rather than X3) as an independent bulk field, we find
685 = /8 y <5AnF5" — 60D + %(Aﬂm — Mo + h.c.)) . (5.14)
The analogous general variation for the “improved” action ([5.4) is
585" = /8/\/1 (6AnF5" + ®6D + (A26A1 + hc.)) . (5.15)

This expression contains variations of only those (combinations of the) bulk fields which
we include in the boundary action. (Just as the gravitational action with the Gibbons-
Hawking boundary term [[[T] contains only variations of the metric field on the boundary,
but not variations of its normal derivative.) Adding the contribution from the variation
of the boundary action |, am L4 and requiring the total expression to vanish for arbitrary
variations 6A,,, 0D and §)\;, we obtain the primary boundary conditions (B.5).3

The boundary Y -term, therefore, plays two roles at the same time:

1) It makes the “improved” bulk action S5’ supersymmetric.

2) It makes the variational principle well-defined (the equations of motion and the
boundary conditions follow from the vanishing of the general variation of the ac-
tion for arbitrary field variations).

6. On-shell case

This section is of particular importance for the discussion of (on-shell) five-dimensional
supergravity on a manifold with boundary given in the companion paper, ref. [J].

In this section we will show that after eliminating the auxiliary fields only the total
bulk-plus-brane action is supersymmetric (and not the bulk and the brane actions sepa-
rately, as is the case in the off-shell formulation). In addition, in the on-shell boundary
picture, supersymmetry of the total action does rely on using (some of) the boundary
conditions!

6.1 On-shell in the orbifold picture

The total bulk-plus-brane lagrangian is
L=L5+02)Ly, (6.1)

where L5 and £4 are given in eqs. (R.1]) and (R.1§), respectively. The bulk fields X, Xo,
X3 and the brane field F are auxiliary. Their equations of motion (see eq. ({A.30)) are pure
algebraic (contain no derivatives) and can be used to set these fields to their on-shell values
(denoted by the “breve” accent or the superscript “on”),

9]

X, =0, X, =0, F=0 (6.2)

3For comparison, see the derivation and discussion of boundary conditions in the boundary (“interval”)
picture in refs. [E,
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We would like to see if the on-shell expressions for L5 and £4 are supersymmetric. Instead
of performing an explicit check, we use a short-cut.
Let us separate out terms containing the auxiliary fields,

L1

Ls=Ls+ 5(Xl2 + X2 4+ X2) (6.4)
N 1

£4 = £4 + FF* + 5(}5(}5*)(3 . (6.5)

The supersymmetry variation of the hatted quantities (containing no auxiliary fields) com-
mutes with setting the auxiliary fields to their on-shell values. Noting also that only Xs is

non-zero, we obtain,

0n(L5) = (6L5)°™ = Xy [8,X5 — (6,X5)"] (6.6)
5oL — (0La)°" = 266" [8, X5 — (5,X5)]. (6.7)

We know that
6,L5 =0,  0,L4=0, (6.8)

omitting total 9, and Js derivatives, which are both irrelevant in the orbifold picture.

The expression in the square brackets is proportional to the A; equation of motion (see
eq. (A.30)),

1
V2

Since we are not allowed to use the equations of motion in checking supersymmetry, we

b, — (8,X5)™ = m {iasxz MO ¢*w5<z>} Fhe, (6.9)

conclude that the on-shell lagrangians are not (separately) supersymmetric,
5L A0, G,(L) A0 (6.10)
On the other hand, for the total bulk-plus-brane lagrangian we have
5a(£) — (30 = X+ 500°5() ) [5,%a — (3,0)°]. (6.11)
which does vanish due to eq. (p.3). Therefore, the total lagrangian is supersymmetric,
0y (L") =0, (6.12)
and this does not rely on using any boundary conditions.

6.2 On-shell in the boundary picture

The total bulk-plus-boundary action is

S:/ £5/+l Ly . (6.13)
M 2 Jom

- 14 —



Omitting total 0,, derivatives, but keeping total 05 derivatives (essential in the boundary
picture), we have,

Ls' = L5+ 05 <—<I>D - %(AlAQ + h.c.)> : Ly =Ly. (6.14)

There is only a slight modification to the expressions obtained in the previous subsection,
6y(£5"") = (6,L5)°" = X |3, X5 — (9,X5)"| = 05 (@ [6,X5 = (6,X5)™] ) (6.15)

5 (L4") = (6,L4")°" = %M* [5,7)“(3 - (6,7X3)°“] . (6.16)

But in the boundary picture, instead of a single auxiliary field equation (p.d), the variational
principle for arbitrary § X3 in the bulk and on the boundary produces a bulk equation of
motion and a boundary condition,

u

1
X;=0 & o —5 99" (6.17)

This is so because the terms involving X3 in the bulk-plus-boundary action are

1 1
S = / ~X? +/ (X3 —05P)(® + —¢pop™) + - - (6.18)

M2 IM 4

We also know that
0,Ls' =0, 5Ly =0 (6.19)
(now omitting only total d,, derivatives). Therefore, we find

3(Ls"™") = 05 [(8,X3)""] (6.20)

on 1 * on
By(La™) = — 500" (5, Xs)" (621)

Combining these expressions, we obtain

5,(S") = /a y {— <<1> + i@*) (5,7)(3)0“} . (6.22)

Therefore, the total bulk-plus-boundary action, restricted to on-shell field content, is su-
persymmetric only if we use the boundary condition By (®), eq. (B.H),

29 Y —%w* —  5,(8) =0. (6.23)

But this is exactly the boundary condition which comes as a part of the auxiliary field
equation for X3, eq. (6.17). Thus, using this (“auxiliary”) boundary condition is just a
part of the going on-shell procedure!

Note that in the boundary picture the boundary condition Bj(®) also comes as a
factor with the general variation dD (and thus could also be called By(D)), and that
on-shell D = —95®. Variations of ® and 05® on the boundary are independent. Our
Gibbons-Hawking-like Y-term makes only the variation of 05® appear on the boundary.
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6.3 On-shell closure of the supersymmetry algebra

It is well-known that on-shell the supersymmetry algebra closes only up to equations of
motion. This is true in our case as well, as one can explicitly check. But one should
remember that in the orbifold picture the equations of motion contain §(z) singularities.
And this brings about one important issue.

Among all on-shell fields, only A1 has a singular term in its on-shell supersymmetry
transformation. Indeed, off-shell we have

617)\1 = (O_mnan — 105 + Z'X3)771 ’ (6'24)
which on-shell (in the orbifold picture) becomes
1
B = 0"y B (052 + 106°5(2) 1 (6.25)

The commutator of two supersymmetry transformations on A; gives

[6¢, 0yl A1 = —2iU0m A1 + §U£n(amE[)\1]) — (&™) (omnE[M]) , (6.26)
where Ug] = (0™ — no™E , and

E[)\l] = —Z'Umamxl + 059 + %gb*w&(z) =0 (6.27)

is the equation of motion which comes with d\;, see eq. (]A.3(]). Note that without the
singular term in 6, Aq, the commutator closes up to the non-singular equation of motion.
We can make the following observations regarding the singular term

§ A1 = —%(b(ﬁ*mé(z) : (6.28)
1) It comes from eliminating the auxiliary field Xs.

2) It makes the on-shell supersymmetry algebra close up to the full (singular) equations
of motion.

3) It makes d,\; non-singular when the boundary condition B;(®) (which fixes the
jump of ® across the brane) is taken into account.

The last observation provides a “rule of thumb” procedure for the appropriate modification
of the supersymmetry transformations in the orbifold picture:

1. Identify all terms with J5 acting on the odd fields.
2. Find the corresponding natural boundary conditions.

3. Add singular terms that make the modified supersymmetry transformation non-
singular when the boundary conditions are taken into account.

This approach was already used in ref. [§].
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6.4 The full square structure

The on-shell lagrangian in the orbifold picture contains a §(z)? term which comes from
eliminating the X3 auxiliary field. It turns out that this term combines with other terms
into a full square. (This structure appears all the time in the orbifold constructions. It
was first noticed by Horava [2J]. We arrive to it also in ref. [[].) Indeed,

L = L5+ L40(2)
1 1 1
= —5(35‘1))2 + §X32. + 50907 (X3 = 95)0(2) +---

- —% [a5<1> + %qw*(s(z)] . (6.29)

The complete on-shell lagrangian in the orbifold picture can be written as follows,

1 mn 1 m Z m BY 1 m BY
L= =5 Fpn ™" = 50,00"® [2>\10 O M1 + 5020 O Na +h.c.]

—% s T — %[ag@ + %(b(ﬁ*é(z)} g {Al [Dsha + %ww(z)] n h.c.}

— D™ + z‘%mpmzp]a(z) . (6.30)

We see that the combination 95® + %gbgb*&(z) appears both in the on-shell supersymmetry
transformations and in the on-shell lagrangian. The special property of this combination
is that it is non-singular when the boundary condition for ® is used. (Its analog in the
five-dimensional supergravity [0 is Fins + 2J,0(2).)

6.5 On-shell closure of the boundary conditions

Our natural boundary condition, eq. (f.11]), is
1
205V — (&5 + ®,1) £ 5 2lVe. (6.31)

In components, there are six boundary conditions: egs. (B.H) and (B.7). Off-shell they
transform into each other under the (n = 7;) supersymmetry transformations and thus
form a closed orbit (see also appendix E) Once we go on-shell, however, the boundary
conditions are no longer closed under supersymmetry. Indeed, setting F' = 0 in Ba(A,,)
breaks the orbit, since 6 F = 0 requires using the brane fermionic equation of motion (see

egs. ((A.24) and (JA.30)). Therefore, we need to use equations of motion to close the orbit

of boundary conditions under supersymmetry on-shell (same as for the on-shell closure of
the supersymmetry algebral).

6.6 The role of “odd = 0” boundary conditions

When the bulk-brane coupling constant @) is written explicitly (see footnote [l), it multi-
plies the right-hand side of eq. (6.3]). Setting it to zero, gives the “odd = 0” boundary
conditions,

205V — (B2 + ®21) 20, (6.32)
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which in components give
Fos 20, 20, P00 oy 2o, xp20, 9020, (6.33)

(It is interesting to note that they are closed under supersymmetry both off- and on-shell.)
These boundary conditions were used in the original paper by Mirabelli and Peskin [}
as free field boundary conditions, for example, to derive the k° momentum quantization
(see eq. (26) in ref. [F]). The coupling constant @ (or its non-abelian analog gt4) is then
reintroduced along the standard logic of the perturbation theory.

If one assumes, instead, that the “odd = 0” boundary conditions are the eract bound-
ary conditions for the action with @) # 0, one would run into an inconsistency. These
boundary conditions do not satisfy eq. (f.11]) and thus do not lead to the vanishing of the
general variation of the action. It vanishes then only when the variations of the fields on the
boundary are restricted to vanish themselves (6V e 0, “keeping V fixed on the boundary”
a la Dirichlet boundary condition). But this implies fixing A; and 951 on the boundary
at the same time, which gives an overdetermined boundary value problem! Also, since
eq. (6.2) does not hold, the on-shell bulk-plus-boundary action is not supersymmetric
with these boundary conditions.

Therefore, the “odd = 0”7 boundary conditions can only be treated as the free field
boundary conditions, that is as a starting point in the perturbative calculations.

7. From boundary to orbifold picture

In order to better understand the role of the Y-term, eq. (b.11)), let us discuss the transition
from the boundary to the orbifold picture.*
In the boundary picture we have the following total action,

1
St = £5+/ Y<+>+—/ Ly, (7.1)
M oM, 2 Jom,

where M, = R!3 x [0,4+00). The orbifold is, essentially, a union of two domains with
boundary. The reflection of M, is M_ = RY3 x (—00,0]. Its total bulk-plus-boundary
action is

1
S = Ls— / vy 4 2 / Ly, (7.2)
M oM 2 Jom_
The choice of signs is easy to understand. First, we have
s K° = / (—K®), / s K° = / (+K°), (7.3)
My OM, M_ OM_

which says that the signs of Y (=) and Y ) relative to £5 should be opposite. Second, in
the orbifold picture the Y-term is odd (since Ao and ® are odd). Therefore, to get the
correct boundary conditions, the signs of Y(=) and Y (V) relative to £4 should be opposite.

4For an earlier discussion of the relationship between the orbifold and boundary pictures see, e.g., ref. [B]
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The boundaries of M and M_ coincide, so we denote

YX=0My =0M_. (7.4)
Since the Y-term is odd, Y(=) = =Y ()| the sum of the two bulk-plus-boundary actions is
S = Ls+ / 2y (H) / Ly. (7.5)
MyEUM_ % %
We now want to show that this equals to our bulk-plus-brane action,
S= c5+/ £4:/ {5+ L26()} (7.6)
Ms by Ms

where M5 = RY* = RY3 x (—o0,+00). This is equivalent to showing that the Y-term
matches onto brane-localized terms produced by the bulk lagrangian Ls.
To do this, it helps to represent odd fields (in our case, ® and \3) as follows,

(z,2) = e(2)@M(, |2]) | (7.7)
where £(z) = sgn(z) = £1 on M. For the 05 derivative of an odd field, we then have
O5® = 205 [qﬂﬂ] + M (2) = (958)F) + 20)5(2) . (7.8)

(The superscript (4) means “evaluated on the M side”.) This allows us to separate out
the Y-localized terms in Ls.
The relevant terms in the bulk lagrangian are

1 1 1
Ls= §X§ — 5(35@)2 +5(MBsdg +he) + - (7.9)
Using eq. ([7.§), we find
1
L5 = 5 X5 —2005(2)” - 2(005®) V(=) + WA +he)d(z) - (7.10)

This is to be compared with
2Y (D5§(2) = 2[0X3)M5(2) — 2(®5®)Ds(2) + (AAS +he)d(z) . (7.11)

We see that terms without X3 and 6(z)? do match! The remaining terms appear to match
only on-shell. Indeed, on-shell we have

1 1
Xs=—500"(z),  Xg=0. 2000 = —Zgg° (7.12)
(including the “auxiliary boundary condition,” eq. (f.17)), which implies
1
§X§ — 222 =0, [®X3]H) =0. (7.13)

We conclude, therefore, that the Y-term matches onto regular singularities (just 6(z)) of
the bulk lagrangian, whereas higher order singularities (in our case §(z)?) are taken care
of by the auxiliary fields after going on-shell. In other words, only the on-shell part of the
Y -term can be derived from the comparison with the brane-localized terms produced by
the bulk lagrangian.
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8. Summary and conclusions

In this paper we discussed the Mirabelli and Peskin model [ in various settings: in the

5 in components and in the superfield formulation, off-shell

orbifold and boundary pictures,
and on-shell.

We showed that the boundary picture requires introduction of the Y-term (Gibbons-
Hawking-like term), which is necessary for supersymmetry and allows us to derive natural
(Neumann-like) boundary conditions via the standard application of the variational prin-
ciple. We found that the Y-term arises naturally in the (D = 4, N = 1) superfield
formulation of the (D =5, N = 2) model.

We demonstrated that, in the orbifold picture, (N = 1) supersymmetry does not
require the use of any boundary conditions both off- and on-shell. In the boundary picture,
however, supersymmetry of the total action requires the use of one boundary condition:
the “auxiliary boundary condition,” eq. (B.17) (the one which comes as a part of the
auxiliary equations of motion). This boundary condition is also one of the natural boundary
conditions.

We showed that the natural boundary conditions form a closed orbit under (N = 1)
supersymmetry and can be put in a superfield form. We can identify the “boundary
condition superfield” (see appendix [B.3). The natural boundary conditions reduce to the
“odd=0" boundary conditions only in the absence of coupling to the brane-localized matter.

We also saw what modifications to the supersymmetry transformations are necessary
in the orbifold picture, and confirmed that the §(2)? terms fit into the full square structure
in the lagrangian. We found that the Y-term matches onto regular singularities of the bulk
lagrangian, but that higher order singularities (like §(z2)?) are taken care of only on-shell.

The detailed analysis of this simple model serves as a basis for the analysis in ref. [,
where we discuss five-dimensional (on-shell) supergravity on a manifold with boundary.
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A. Details of the component formulation

Here we collect various technical details, which were only briefly mentioned in the body of
the paper. The basic conventions are as in ref. [8]

5The physics described by both pictures is guaranteed to be the same since the boundary conditions on
the fundamental domain are identical. One advantage of the boundary picture is a complete removal of all
ambiguities related to products of distributions.
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A.1 Variation of the bulk lagrangian

Under a general variation of the fields, the bulk lagrangian varies as follows,
0Ls = SAN (O FMNY 4+ 60(0,0M @) + X,0X,
—i6 A TM Oy Ay 4 Oy KM, (A1)
where
KM = _FMN§AN — 600M P — %KZTM SAT . (A.2)

The variation of the lagrangian under the supersymmetry transformations, eq. (R.9), prefers
a different separation of the total derivative term,

onLls = o AN (O FMN) + 6100y 0M D) + X001 X,
—iNTM 9y 84 Ay — i85 N TMOp A + Oy KM, (A.3)
where
KM = —FMN§, An — 53 ®0M P — %&{Kil“MAi — %KiFM(S;QAi (A.4)
and we used the following split in the supersymmetry transformation of the gaugino,
Sl = 6N + SN, (A.5)
i = (EMNFyn +TM oy @) Hi, Y hi = Xaloa)H, (A.6)
It is easy to check that terms outside the total derivative cancel, thus giving
onls = O KM, (A7)
A.2 Two-component spinor notation

Making the M = {m,5} split in the supersymmetry transformations and rewriting them
in terms of the two-component Weyl spinors, we find

o A™ = z‘(mamX1 + UQO'mXQ) + h.c.

O A® = —m Ay + Mo + hec.

In® = i(—mA2+ m2A1) + hec.

M1 = (0™ Epp — i05® + i X3)n1 + (iFps + 0 ®)o™Ty — i X 19m2 (A.8)
Sy = —(iFpms + Om®)o™; — iX19m1 + (0™ Fopyy — i05® — i X3)15

61 X12 = 211 (1051 — T™OmA2) + 212(i05 X + ™0 A1)

Xz = —m(i05 g 4+ 0O A1) — n2(i0sA1 — a™OmNa) + hec. |

where we defined X719 = X7 +1X5. We used the following relation between the symplectic-
Majorana spinor A; and the pair (A, \2),

Ay =—A%= G;) Ay =A' = <_XA12> (A.9)
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The same relation holds between H; and (n1,72). The Majorana conjugation, denoted by
a tilde, gives

A= (=)A1,N\e) . (A.10)
A.3 SU(2) rotation

The bulk lagrangian is invariant (and the bulk supersymmetry transformations are covari-
ant) under a global SU(2) rotation,

N, =UIA;, X, 04 = U(Xu00)UT, (A.11)
where U € SU(2) is a constant matrix, and o, are the Pauli matrices such that
Xo00 = <X3 Xf?) . (A.12)
X2 —X3
A particularly useful SU(2) rotation is
' :Al_a*)\Q \ = al] + Ao

A —_, = —— A.13
! v1+ ao* 2 v1+ ao* ( )
(same for (11,72)), accompanied by
X9 — a2 X3y — 20X,
X = =2 (f L2 " — (A.14)
+ ao
Xy = aXiy+a* X+ (1 — o) X3 (A15)
1+ aa* ' '
The inverse transformation is obtained by changing the sign of «. In particular,
/ /
—anm +m
= , A.16
"= o (4.16)
so that
2 =0 = Ny = an) . (A.17)

A.4 N =1 supersymmetry and the gauge transformation

Under 1 = n; supersymmetry, the five-dimensional gauge supermultiplet splits into two
four-dimensional supermultiplets. These are a gauge multiplet (in the WZ gauge)

Um =Am, A=A, D=X3—05, (A.18)
and a chiral multiplet
P =D +ids, Py =—iV2Xy, Fy=—-Xi5. (A.19)
The definitions lead to the standard transformation laws for the gauge multiplet,
OnUm = inom\ + h.c.
oA = """ Uy, +inD (A.20)
oD = —namﬁmx + h.c.,
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as well as to the following supersymmetry transformations for the chiral multiplet,

6n¢2 = \/5771#2
6177;Z)2 = Z'\/Eo'mﬁam(lh + \/577F2 + \/Eo'mﬁafivm (A'21)
5,,F2 = Z\/E?]_O'm o — QZﬁaﬁ;X .

The latter differ from the standard transformations by extra terms involving Js5. One can

check that the supersymmetry algebra closes up to a gauge transformation,
[0¢, 0p) = —2iUgpOm + Ou (A.22)
where Ug’f7 = £0™7 — no™E€ and the gauge transformation is non-zero only on v,, and ¢,
OuUm = Omtt,  Oydo = 1051 , (A.23)

with u = 2iUg)vm,. This is just the U(1) gauge transformation dAy; = dpsu.
The chiral multiplet (¢,, F), living on the brane, has the standard supersymmetry
transformations (note the dependence on v, and A from the vector multiplet),

57]¢ = \/5771/}
St = iV20™ D + V20 F (A.24)
5 = i2ME " Dyth + i

where

D,, = d,, + %vm (A.25)

when acting on (¢,v, F'). This is the gauge covariant derivative, corresponding to the
following U (1) transformation of the chiral multiplet,

1
The algebra ([A.23) holds for this multiplet as well.

A.5 Orbifold equations of motion

In the orbifold picture the total lagrangian is £ = L5 + 0(2)L4. For a general variation of
the fields, we find

0L5 = 6An(OmF™ + 05 F™) + 5 A5(0n F™) + 08 (0,,0™® + 9505P) + X,06X,

— [(5)\1 (Z'O'mamxl — 85)\2) + 6o (iUmamXQ + 85)\1) + h.C.] (A.27)
6Ly = 0¢(D D" + §¢ D— EAq,z)) + 6¢( — io" Db + ﬁd’ A) + F*6F
+6um (— %w% — Juo") + 5A(£¢ ¥) +6D(;69") + hc. (A.28)
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(Total Oy, and 05 derivatives have been omitted here.) Using the definitions in eq. (A.1§)
and rewriting

5D¢"8(2) = O X396"3(z) + 635 (66°3(2)) (A.29)

we find the following equations of motion,

E(Ay) : 0, F™"™ — 95F™ — <%(¢Dm¢* — ¢*D™P) + %w’%) 5(z) =0

E(45) OmF™ =0
1
E(CI)) : O 0" ® + 85(35(13 + §¢¢*5(2)) =0
- i
E()\ : —10" O\ + O5 g + —="Yd(2) = 0
(A1) 5 A2 \/5¢ ¥é(2)
E(\) —i0™OmAg — O\ = 0
E(X12) . XTQ =0
1 *
E(X3) : X3+ 500 6(2) =0
1 i —
E : Dy D" + =¢p"D — —= p =0
() 6 +39°D ~ 3
— 1
E : —i0" D) + —* A = 0
(¥) (G ﬂqb
E(F) - F*=0.
(A.30)
B. Superfields
We follow the conventions of ref. [24]. See also ref. [2F].
B.1 Supersymmetry and gauge transformations
The vector and chiral superfields have the following component expansions,
_ . 1 .-
V = —if0™ vy, + 020X — i0°O\ + 592021) (B.1)

& =¢+i00™m00md + ia?@ﬂama% + V2604 + %92%’” Wb+ 60°F . (B.2)

The chiral superfields can be more conveniently written in terms of the “y coordinates”
(y™ = 2™ + ™),

®(y) = (y) + V20 (y) + 0°F(y) . (B.3)

The field strength W' of the vector superfield V is a chiral spinor superfield (its lowest
component is a spinor), which in the y-coordinates has the following form,

W(y) = —iX+ 0D — ic™ vy + 0% (0™ 0N (B.4)
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where v, = OmVn — OnUm,.
The supersymmetry transformations in eqs. (JA.2(]), (JA.21)) and (JA.24]) can be written
in the following superfield form,
0V = (1Q+TQ)V + &y +
&H® = (nHQ+7Q)® — 2,P (B.5)
@2 = (NQ +7Q) P2 + 20:Py ,
where ®,, is a chiral superfield given by
1
V2

It describes a compensating supergauge transformation necessary to keep V in the WZ

B, (y) = V20(—=0"Tvnm) + 0*(—iTN) - (B.6)

gauge. From this we deduce that the supergauge transformation for all the superfields is
given by

SV=A+AT, 6&=—-A®, Py =205A. (B.7)
The residual gauge transformation, preserving the WZ gauge, corresponds to
_ 1 —
—2iA = u(y) = u+ 0™ u + 59292amamu . (B.8)

Al

In components this gauge transformation reproduces egs. ([A.23) and ([A.26).

B.2 Component expansions

The component expansions for the bulk action are:
/ A*OWW +h.c. = —0, 0™ — 2i( AT O X + XG0 \) + 2D? (B.9)
20,920 72 1 m o x 1 * (o —m m A
d°0d"0 27 = —50m$20"'¢3 + 5 FaFy — 1(1/120 Omt2 + 120" Omhs)
—5050m)(050™) — S (Om 2 — Om$3)050™ — 5 (¢ + ¢3)05D
R 1 9
— — —ag™ )7 B.1
+\/§(¢235)\ $205A) + 750 Om (P2 + ¢3) (B.10)
The component expansions for the brane action and the boundary conditions are:

_ _ 1 —
05V = —i0%005\ + h.c. — i00™0d5v,, + 5929265D (B.11)

By + Byl = V2000 + 02Fy + %5260’” s + h.c.

NG
B2+ 95) + 180700z — On3) + {0°T0n0™ (62 + 05)  (B12)
®TeVd = V20(4"p) + 6%(¢*F)
+6%6 <—¢A¢¢* + %am(z)mw — YD) + \/§¢F*> +h.c.
+(¢¢*) +00™0 (_Z(QS’DmQS* - ¢*Dm¢) - T;Z)O'm@)

+6%9* (ﬁg + iamam(w*)) , (B.13)
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where £} is given in eq. (B.§).

B.3 Boundary condition superfield

The boundary condition superfield is
B =205V — (&, + ®51) — %«I:Tevé . (B.14)
Since B is a vector superfield, we can write [24]
B = i0x® + %HQMB — 020\ + h.c.
+CB —igomhuB + %92521)3 , (B.15)
and identify each component as
cP = —%w* -2
W= gt 2

V2
MPB = i(F¢* —2X19)

V8 = 2 (6Dnd" — 6" D) — 50t — 2P
N = — LoD, S — Logta + 2i00
¥ VAR
DB = L} + 205D . (B.16)

The relation to the boundary conditions, eqs. (B.5) and (B.7), is as follows,

CPB . By(®) B : Bi(\) MB : By()\y) BT
0B : By(An) AB 2 By(Ap) DB : By(Ay) . '
Using eq. (B.5), we can easily show that
0B = (nQ +7Q)B (B.18)
which in components gives (the superscript B is omitted for clarity)
0,C = inx + h.c.
dpx = 0"'n(0mC + tvy) + nM
6o M = 20X + "0 x)
6y D = —no" O\ + h.c.
A = 20" N0 vy + 1D
SnUm = iNomA + Ny x + h.c. (B.19)

This shows explicitly the structure of supersymmetry variations in the orbit of boundary

conditions (cf. eq. (B.6)).
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