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ABSTRACT: Candidate counterterms break E7 type U-duality symmetry of N' > 5 super-
gravity theories in four dimensions [1, 2]. A proposal was made in [3] to restore it, starting
with a double set of vector fields and argued that a supersymmetric extension of their pro-
posal should exist. We show that the extra vectors, needed for the deformation, can not be
auxiliary fields in an eventual off-shell formulation of N' > 5 supergravity, assuming that
such a formulation exists. Furthermore we show that these extra vector fields can not be
dynamical either since that changes the unitary supermultiplets underlying these theories
and requires one to go beyond the standard framework of extended simple supergravities.
To show this we list all relevant unitary conformal supermultiplets of SU(2,2|N + n). We
find that doubling of vectors consistent with linearized supersymmetry requires to change
the number of scalars, violating the coset structure of the theory, and also to add a finite
number of higher spin fields, which do not admit consistent couplings to theories with spins
< 2. Thus, the proposed duality restoring deformation along the lines of [3] can not be
implemented within the standard framework of extended supergravity theories. We argue
therefore that, in the absence of anomalies, E7 type duality together with supersymmetry,
might protect AV > 5 supergravity from UV divergences, in particular, N' = 5 supergravity
at 4 loops in d=4.
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1 Introduction

The 3-loop and 4-loop UV finiteness [4, 5] of N' = 8 supergravity in 4d [6, 7] was explained
in various ways, either using the absence of candidate counterterms in the light-cone for-
malism [8, 9] or in a Lorentz covariant case, based on Er(7y duality symmetry and su-
persymmetry in [10-12] and in [1, 2, 13]. These explanations were based on the expected
structure of the Lorentz covariant candidate counterterms [14-16] and supergravity duality
symmetry [6, 7, 17].

Most relevant to the current work is the observation that all known counterterms,
candidates for UV divergences in N = 8 supergravity, would break the Noether-Gaillard-
Zumino Er(7) deformed duality current conservation [1, 2]. However, Bossard and Nicolai
(BN) suggested in [3] that it is possible to fix the problem pointed out in [1, 2] by deforming
the classical twisted self-duality constraint in the presence of higher derivative terms in
the action.

In the classical maximal supergravity theory with E77) symmetry there are 28 inde-
pendent Maxwell field strengths as a consequence of supersymmetric twisted self-duality
constraint [6, 7]. To identify a deformed constraint according to BN, one has to find a mani-
festly duality invariant higher derivative supersymmetric invariant which requires doubling
of the Maxwell field strengths and their duals, i.e. two sets transforming in 28 and 28 of



the R-symmetry group SU(8) in N' = 8 supergravity. Examples of such deformation of
the classical twisted self-duality constraint were given in [3] for some non-supersymmetric
models. The proposal in [3] was further developed in [18-20] where covariant procedures
for perturbative non-linear deformations of duality-invariant theories were established to
all orders in the deformation parameter. The starting point requires the existence of some
‘Source of Deformation’ (SoD). Various examples of SoD’s were given in [18-20] which
resulted in building novel models with U(1) duality symmetry.

It was actually known long before the BN supergravity proposal [3], that perturbative
non-linear deformations of U(1) duality-invariant theories with global supersymmetry are
available, see for example [21-26] where the review of nonlinear selfduality and supersym-
metry is given, and many aspects of related problems were studied much earlier.

More recently a deformation proposal was presented in [27] for N' > 5 supergravity,
using a symplectic formalism of [28] that was developed for studies of black hole attractors.
A closed form of the bosonic deformed action, exact to all orders in deformation parameter
was produced for an original choice of the SoD in [3]. The issue of a supersymmetrization
of such a SoD remains unclear.

Using the first order formalism with manifest E7 duality symmetry an explanation
of the UV finiteness at L=4, N' = 5, discovered in [29], was proposed in [30]. Assuming
absence of duality-supersymmetry anomalies, it was argued in [30] that these symmetries
might protect ' > 5 at higher loops.! Here we will reach the same conclusion based on
supersymmetry in the framework of the second order formalism, in particular with regard
to UV finiteness at L=4, N’ = 5.

It was assumed in BN proposal in [3] that the supersymmetric version of the proposal
for SoD is available, and that all other symmetries of the theory, local supersymmetry
and general covariance are respected. The existence of the supersymmetric SoD in V' = 8
supergravity was further investigated in [32] and it was concluded there that its existence
with 56 independent vectors contradicts the AN/ = 8 superspace construction [33, 34], and
the relevant solutions of the superspace Bianchi identities. It was suggested in [32] that
the existing N/ = 8 superspace has to be deformed to admit the SoD. The superspace
deformation is very complicated and things remained inconclusive.

The supersymmetry issue was investigated in [35] at the linearized level, using the
fact that the linearized N' = 8 supergravity is based on the representations of SU(2,2|8)
superconformal algebra. More specifically it was shown long ago that the fields of N’ = 8
supergravity can be fitted into the CPT self-conjugate doubleton supermultiplet of the
N = 8 superconformal algebra SU(2,2|8) [36]. Motivated by the work of [12] on the
study of counterterms of maximal supergravity using this doubleton supermultiplet it was
reformulated in terms of constrained superfields in [37]. The result of the investigation
of [35] was that it is not possible to deform the maximal supergravity to restore Er ()
duality, while maintaining both general covariance and N = 8 supersymmetry, as was
proposed in [3], if the required extra vector fields are assumed to be dynamical. Deformation

Tt was shown in [31] that E7 duality symmetry can be maintained at all orders of perturbation theory
using a non-Lorentz covariant formulation of the theory. See the discussion section on this point.



of N' = 8 supergravity with extra dynamical vector fields along the lines of BN proposal
necessarily involves higher spins and multiple gravitons and hence requires one to go beyond
the standard framework of supergravity.

More recently, a significant progress was achieved in understanding the absence of
anomalies in one-loop amplitudes in N' > 5 supergravities [38]. The new analysis in [38]
is based on a classification of all linearized chiral superfields in N' > 5 supergravities, in
addition to constrained ones which were known for a long time [14-16]. It became possible
to explain the UV finiteness of L =3 =N — 2 in N = 5 theory [39], using the soft scalar
limits of amplitudes, as it was done for L <6 = N — 2 in N/ = 8 case in [12], but not in
the case of L =4 =N — 1, N’ =5 theory. This is analogous to the case L =7 =N —1 in
N = 8 theory, where the soft scalar limit analysis was not conclusive.

Here we will first revisit the work of [35] and extend and apply the analysis given
there to all supergravities with NV > 5. The BN proposal required that 1) the number
of vectors is doubled to make G duality manifest, but 2) scalars have to preserve the
original % coset space. As was shown for the N' = 8 supergravity in [35] we find that
the doubling of vectors requires the introduction of higher spins and multiple gravitons for
all NV > 5 supergravities if the extra vector fields are dynamical. Furthermore we show
that this doubling process with extra dynamical vectors necessarily introduces additional
scalar fields which changes the coset % This means that the BN proposal with extra
dynamical vector fields can not be made supersymmetric within the standard framework
of supergravity with a single graviton.

This raises the question whether the BN proposal can be consistent with supersym-
metry if the extra vector fields are not dynamical. In particular, one may ask whether
one can use auxiliary vector fields in an off-shell formulation of N/ > 5 supergravities to
drive the deformation. To date no off-shell formulations of A' > 5 supergravities have been
found. However N’ > 5 supergravities admit consistent truncations to N' = 2 supergravity
coupled to vector multiplets whose off-shell formulations are known. Using this fact we
will also show that the extra vector fields needed for the deformation can not be identified
with some auxiliary fields in a possible off-shell formulation of ' > 5 supergravities.

The plan of the paper is the following. In section 2 we review the BN proposal about the
deformation of the supergravity action based on a SoD. In section 3, we study the question
whether the extra vector fields needed for the deformation can be identifed with auxiliary
fields in potential off-shell formulation of N' > 5 supergravity theories and argue these extra
vector fields can not be identified with some of the auxiliary fields. In section 4 we explain
how using the unitary representations of the conformal superalgebras SU(2, 2|AV +n) we can
list all possible supermultiplets which have a chance to support the BN proposal with extra
dynamical vectors. We therefore will list all possibilities to double the number of physical
vectors such that the linearized approximation preserves the SU(2,2|N’) superconformal
symmetry. For N/ = 8 it was done in [35] but here we will pay attention to the number of
scalars in supersymmetric theories with a double number of vectors and extend the analysis
to the case of NV = 6,5. In all cases we will have two options. In the first case, in section 5
we do not enlarge the R-symmetry group and try to find all possible supermultiplets which
will allow us to double the vectors within SU(2,2|N) for the N-extended supergravity. In



the second case in section 6 we enlarge the R-symmetry group, corresponding to increase in
the number of @, S supersymmetries, and study multiplets of SU(2, 2|A + n) superalgebra
with a consequent decomposition into SU(N') x SU(n). We also present the corresponding
supermultiplets as linearized superfields, in section 7. In the appendix we discuss the
related issues for N' = 2 supergravity with matter.

We conclude that in all cases, when doubling vectors, we either have to double the
scalars in their required SU(N') representation, or we have to add SU(N) singlet scalars.
These changes in the number of scalar fields are incompatible with duality symmetry since
the coset space structure is not preserved. Also, we always get some fields in these super-
multiplets with higher spins s > 2, which makes the coupling to gravity questionable [35].
Furthermore they contain multiple gravitons whose interacting theories have been shown
to be inconsistent [40]. Therefore the proposal of [3] to restore duality symmetry, broken
by UV divergence, can not be made consistent with supersymmetry within the standard
supergravity framework. In the absence of any other proposal to do it, we conclude that
the UV finiteness in N' = 5 supergravity at 4 loops may be explained by the fact that
UV divergence breaks duality symmetry [1, 2]. Whether a BN type proposal [3] to restore
duality symmetry in presence of UV divergences can be made consistent with supersym-
metry beyond the standard framework of supergravity, such as string theory or higher spin
theories is an open problem.

2 Source of deformation proposal

Here we explain why a doubling of vectors is required in the SoD according to BN proposal
in /' = 8, and we generalize it to the case of N/ > 5. So we will need 56,32, 20 instead
of 28,16,10 physical vectors for N' = 8,6, 5 respectively. We will also explain here that
SoD according to BN proposal has to depend on original scalars forming a coset space
%. So, we need to confirm that the numbers of scalars remains equal to the number of

physical scalars, coordinates of a coset space %, and moreover, they must transform in the
representations of the H group as to represent the coordinates of the coset space % It

means, we need to recover after doubling of vectors, the required number of scalars is: 70
in SU(R), 15 and 15 in SU(6) and 5 and 5 in SU(5) for N = 8, 6,5 respectively.

Using notation of [27, 28] we introduce a 2n,-dimensional real symplectic vector of
field strengths F and a symplectic section Vap describing the scalars of the theory

FA A
F= C V= (TP ) = v (2.1)
Ga ha aB

F transforms in the 56,32,20 of the corresponding duality groups of type E7, namely,
E7(7y, SO*(12) and SU(1,5) for N' = 8,6, 5 respectively [41, 42]. The scalars of the theory
are coordinates of the % coset space where G is type E7 group and H is an isotropy group,
SU(8),SU(6) x U(1),SU(5) x U(1) for N = 8,6, 5 respectively and where the pair of indices
A,B = 1,--- ,N are raised and lowered by complex conjugation. The period matrix is
haag = Nax f=ap. The graviphoton field strengths are given by the symplectic invariant,

Tag = (Vap | F) = FMWaup — FaVis = —Tga. (2.2)



Graviphotons are invariants of the global U-duality group and transform covariantly under
compensating SU(N) transformations. In classical N' > 5 supergravity, in the absence of
fermions, there is a linear twisted self-duality constraint:

Tap™ = haap Fit — fip G, =0. (2.3)

Here self- and anti-selfdual parts of T are Tyap™ = (Vap | F*), T*4B = (VAB | FE).
The constraint (2.3) results in the relation between G and F, so that only one of them is

independent

Gt =NFT, G =NF". (2.4)

This gives a correct amount of the physical degrees of freedom for vector fields, 28,16,10
and is one-half of the symplectic representation of the E7-type symmetry for E7 ), SO*(12)
and SU(1,5) duality, respectively.

When the candidate UV divergences are added to the classical action, bosonic linear
twisted self-duality constraint (2.3) is deformed, following [3]. The new constraint can be
given in an H-covariant form as proposed in [18-20]

SI(T—,T*)
Here the source of deformation
I(T~,T*) (2.6)

depends on a doublet of vector fields F shown in eq. (2.1) where there is no relation between
the upper and lower components of a doublet, F' and G as given for example in the classical
case in eq. (2.4). H covariance of the constraint in (2.5) means covariance in an isotropy
group, SU(8),U(6),U(5) for N = 8,6, 5 respectively.

The doubling of independent vectors versus physical ones is a cornerstone in the 7
duality covariant form of the deformation in /' = 8 theory proposed in [3]. In their notation
a duality doublet F™ consists of two sets of 28 Maxwell field strengths

F™=(F*F%, a=1,...,28 a=1,...,28 (2.7)

In case of N' = 8 this equation is manifestly E7(7y invariant if the SoD is a duality invari-
ant functional depending on a duality doublet (2.7) where the two sets of 28 vectors are
independent. The vector part of SoD is

I(F™) =I[F* F?. (2.8)
The proposal for the vector part of the deformed twisted self-duality constraint in notation
of [3] is given by

~ 0L 0L
m m n __ mn mn —
F"+J", F"=G —5FH+Q SFn m=1,...,56 (2.9)
Here for N = 8 supergravity G,,, is a scalar dependent symmetric metric Gy, € Ereqy C
Sp(56,R). J™, is a ‘complex structure’, Q™" is a symplectic form and F = ﬁemepa



is dual to F. The classical twisted self-duality constraint, in the absence of deformation, is
F™m4 Jm, F" = (), which is a relation expressing one of the 28 via the other, so that the the-
ory has only one set of 28 vectors in agreement with unitarity. This is an analog of eq. (2.3)
where the constraint is SU(8) covariant, Er(7) invariant. To deform it according to (2.9)
the SoD action Z[F?, F®] has to be differentiated over the set of 56 independent vectors.
The proposal in [3] requires that the number of vectors is doubled but the number
of scalars remains the same, in general, since the coset space % is the same. However, in
practice when the proof of consistency of the proposal is given order by order in deformation

in appendix of [3], it is given only for vanishing scalars.

3 Off-shell N > 5 supersymmetry?

It is generally believed that any off-shell formulation of A' > 5 supergravity, if it exists,
requires an infinite number of auxiliary fields. Assuming that an off-shell formulation of
N > 5 supergravity exists one may then pose the question whether the second set of vector
fields required by the BN proposal, which form a symplectic doublet, could be identified
with some of the auxiliary vector fields. If that were the case, when counting physical
degrees of freedom in on shell multiplets, we would not have to double the set of dynamical
vector fields in agreement with supersymmetry. We will now present arguments against
such a possibility, based on all known supersymmetry constructions.

N = 8 supergravity can be truncated consistently to an N = 2 Maxwell-Einstein su-
pergravity theory describing the coupling of 15 vector multiplets which is known as the
quaternionic magical supergravity theory [43, 44]. The quaternionic magical supergravity
has the same bosonic field content as the N' = 6 supergravity but with a different fermionic
spectrum. It has SO*(12) as its U-duality group under which 16 vector field strengths, in-
cluding the graviphoton, and their magnetic duals transform in the 32 dimensional spinor
representation. Therefore the BN analysis applied to the bosonic sector of N = 6 super-
gravity would yield identical results as the BN scheme applied to the purely bosonic sector
of N' = 2 quaternionic magical supergravity theory. We do not know the auxiliary fields
of N' = 6 supergravity. However the off-shell formulation of N' = 2 supergravity and its
couplings to vector multiplets are known.

If a supersymmetric deformation of maximal supergravity existed sourced by the aux-
iliary fields in an off-shell formulation, that preserves E7 duality, one can truncate it to the
deformed quaternionic magical supergravity theory that preserves both N' = 2 supersym-
metry and SO*(12) duality symmetry. However off-shell formulation of N = 2 quaternionic
magical supergravity can not have auxiliary vector fields transforming in the 15+ 1 dimen-
sional representation of the isotropy group U(6) of its scalar manifold SO*(12)/U(6). This
follows from the fact that the Weyl multiplet of N = 2 supersymmetry has auxiliary vec-
tor fields transforming in the adjoint representation 3 4+ 1 of the R-symmetry group U(2)
and the N = 2 vector supermultiplets do not have any auxiliary vector fields and contain
only auxiliary scalar fields.> The only other massless N’ = 2 supermultiplet that con-

20ff-shell formulation of N’ = 2 supergravity has a long history. We refer the reader to relatively recent
papers [45, 46] and the references therein.



tains vector fields is the s = 3/2 gravitino multiplet. It has recently been shown that the
s = 3/2 Rarita-Schwinger field can be coupled to vector fields consistently only as part
of a graviton supermultiplet and that the ' = 2 pure supergravity is unique [47]. These
results show clearly that it is impossible to deform the maximal supergravity consistent
with supersymmetry sourced by auxiliary vector fields along the lines of BN proposal.

In [48] the N = 2 supergravity was studied in the off-shell superconformal framework
with all auxiliary fields present. Consistent with earlier results in [45, 46] the only auxiliary
vector fields appear in the adjoint of the R-symmetry group U(2). Furthermore the authors
of [48] show that the supersymmetry rules of a classical supersymmetric off-shell theory
are inconsistent with the UV divergences and have to be deformed. Such a deformation
of a superspace was never performed and it is not known if a consistent version of it is
even possible. Therefore the analysis in [48] raises serious issues, independent of the BN
proposal, about the compatibility of candidate counterterms in higher N supergravities
with off-shell supersymmetry at the non-linear level.

We stress here that the possibility to build the symplectic multiplet from one half phys-
ical vectors and one half auxiliary vectors vanishing on shell, is not attractive since duality
symmetry mixes them, and equations of motion get mixed with Bianchi identities. In fact
an independent argument as to why the extra field strength G/, in (2.1), independent of
F,,, required in BN SoD, can not be auxiliary, not propagating, can be given as follows.
Once the (bosonic) deformation of NV > 5 supergravity is achieved, for example in the case
studied in [27] and the relation between the F' and G component of the symplectic doublet
in (2.1) is established, one finds that

Gt =—iFt +... (3.1)

Here terms with - - - include higher order terms in gravitational coupling x and in parameter
of deformation A, as one can see from eq. (3.9) in [27]. These terms are non-linear in fields.
Thus in approximation that x = A = 0, G, is proportional to F},, and if G, would be
an auxiliary field it would be impossible for it also to be proportional to a physical field,
up to non-linear terms. This argument, by itself, appears to be sufficient to rule out an
attempt to use auxiliary field for the G part of the doublet. In any case, here we have
shown technically, using a consistent truncation to N' = 2 Maxwell-Einstein supergravity,
that there are no auxiliary vector fields with required transformation properties in these
theories which can be used for the BN type deformation.

Therefore we will study below all options to realize linear supersymmetry with the
doubled number of dynamical vectors in the multiplets.

4 Source of deformation and supersymmetry

The BN proposal for maximal supergravity and its extensions to N'= 6 and N = 5 super-
gravity with a source depending on vectors and scalars, as shown in eq. (2.6) was assumed
to have a supersymmetric extension with A supersymmetries. The candidate countert-
erms for these supergravity theories were constructed starting with [14—16] using linearized
superfields corresponding to physical states of the theory. In particular, such superfields



SL(2,C) | Eo | SU(8) | u(1) Fields
0,00 | 1| 70 0 liakl
(1,0) | 2] 56 | 1 | At ¥
(0, %) % 56 -1 A_lijk] < Aafijk]
(1,0) 5 28 9 F,fy[m o F([ff})
01) [ 2] 28 | -2 | Fo.0e Fapuj
3,00 | 3| 8 3| Oty & Yagy
0.2) | 3| 8 | B3 | Oty e Vs
2,00 | 3] 1 4 Rapns)
02) | 3] 1 -4 R apio)

Table 1. The fields of linearized N' = 8 supergravity in four dimensions, which satisfy massless
free field equations and massless representations of Poincare group. They lift uniquely to those of
the conformal group. It is a CPT self-conjugate doubleton supermultiplet of SU(2,2|8).

depend on vector field strengths in 28,16,10 and 28,16,10 in SU(8),SU(6), SU(5) repre-
sentations in A = 8,6, 5 respectively.

In general, the classification of the massless unitary supermultiplets of extended
Poincaré superalgebras is well known [49, 50]. The minimum spin range for the mass-
less unitary supermultiplets of AV -extended Poincaré superalgebras is %/ for even N and
the maximum number of Poincare supersymmetry generators is 32. It was shown in [36]
that the fields of maximal supergravity in d = 4 can be fitted into an ultra short CPT-
self-conjugate unitary supermultiplet (doubleton) of the conformal superalgebra SU(2, 2|8)
with 64 supercharges. Even though the fields of N/ = 8 supergravity form a representation
of the N' = 8 conformal superalgebra interactions of the maximal supergravity break the
conformal supersymmetry down to its Poincare subsuperalgebra. The corresponding super-
multiplet can be written as a linear constrained superfield [37]. These superfields have been
used in the analysis of counterterms in maximal supergravity [10-12]. Since the superfields
used in writing down linearized counterterms in A/ > 5 supergravity correspond to confor-
mal supermultiplets we will perform our analysis of conformal superalgebras SU(2,2|N)
in four dimensions using the oscillator method [36, 51-53]. However, as different from
the standard superfields that enter in the counterterms, we will be looking for different
supermultiplets that can couple to and extend the maximal supergravity with the total
number of vector fields doubled. We will also check if it is possible to find the suitable
supermultiplets by embedding them into larger SU(2,2|N + n) conformal superalgebras
with the consequent consistent truncation to SU(2,2|8),SU(2,2|6) and SU(2, 2|5).

The standard supersymmetry multiplets of N” > 5 supergravity correspond to massless
doubleton representations of conformal superalgebras SU(2, 2| ') with highest spin 2. They
are given in table 1, table 2, table 3 for N = 8, 6, 5 respectively.



SL(2,C) | Ey | SU(6) | U(1) Fields
0,3/2) | 52| & |-3/2 Yl
01 12 1 15 | -1 | Fugg) © Fagy
0,1/2) |3/2| 20 |-1/2 ALK
(0,0) 1 15 0 Plijrl)
(1/2,0) | 3/2 6 1/2 A
(1,0) | 2 1 1 Flop)
SL(2,C) | Ey | SU(6) | U(1) Fields
0,1) | 2 1 1 Fap)
0,1/2) | 3/2| & | -1/2 Aai
(0,0) 1 15 0 Pliakll
(1/2,0) | 3/2| 20 | 1/2 AL
+i] ., plid]
1,00 | 2 | 15 L o
(3/2,0) | 5/2 6 3/2 1/12;57)
(2,0) | 3 1 2 Riapms)

Table 2. The irreducible chiral doubleton supermultiplet of SU(2,2|6) and its conjugate, with the
highest spin 2 corresponding to the fields of A' = 6 supergravity.

All these standard multiplets have vectors and scalars of classical supergravity. Ta-
bles 1, table 2, table 3 for N’ = 8, 6,5 respectively are in one-to-one correspondence with
the linearized conformal superfields presented in [38]. The linearized candidate countert-
erms [14-16, 38] are constructed using these supermultiplets.

One way to double the set of vector fields is simply to take two sets of the graviton
supermultiplets above. However, this is not satisfactory for the BN proposal since the
numbers of scalars is doubled and one would have to couple the graviton supermultiplets to
themselves which is known not to be possible. We need to study all possible supermultiplets
in SU(2,2|N) with vectors in the same representations as in the classical case. To make
sure that we check all options we proceed with the superoscillator construction.

5 All SU(2,2|N) supermultiplets with vectors in anti-symmetric
tensor representations of SU(N) for N' = 5,6, 8

The oscillator construction of the unitary supermultiplets of extended superconformal al-
gebras in four dimensions were studied in [36, 51-53]. As has been proven recently the
oscillator method yields all the unitary representations of the Lie superalgebras of the form



0,2) | 3

SL(2,C) | By | SU®) | U(1) Fields
i Bapss)
0,3/2) |5/2] 5 |32 Bagn
0.1) | 2 | 10 | -1 | Fouy e Fapp
0,1/2) |3/2] 10 | -1/2 Yafiji
(0,0) 1 5 0 Plijry
(1/2,0) |3/2] 1 | 1/2 Ve
SL(2,C) | Ey | SU(5) | U(1) Fields
0,1/2) |3/2| 1 |-1/2 ba
(0,0) 1 5 0 Pkl
(1/2,0) | 3/2| 10 | 1/2 Lik]
10 | 2 | 10 1| B e B
(3/2,0) | 5/2| 5 | 3/2 Yias)
2,00 | 3 1 2 Riapys)

Table 3. The irreducible chiral doubleton supermultiplet of SU(2,2|5) and its conjugate corre-
sponding to the N' = 5 supergravity multiplet.

SU(m,n|p + ¢) [54]. The superalgebra SU(2,2|p + ¢) has a three graded decomposition
with respect to its compact subsuperalgebra SU(2|p) x SU(2|q) x U(1)

g=L"aL’aL", (5.1)

[L°, L*] = L*, L, L7]=1L1°,  [LY,L*]=0=[L",L7]. (5.2)

Here L represents the generators of SU(2|p) x SU(2|¢) x U(1). The Lie superalgebra
SU(2,2|p + q) can be realized in terms of bilinear combinations of bosonic and fermionic

annihilation and creation operators £4 (€4 = €47) and ny (™ = npt) which trans-

form covariantly and contravariantly under the SU(2|p) and SU(2|q) subsuperalgebras of

SU(2,2(|p + q)
€A=<Za>, €A=<Zi> : (5.3)

77M:<bé;>’ nM=<l;) , (5.4)

witho, 3=1,2 2,y=1,2,....p; &,3=1,2;4,j=1,2,...,q and
[a,d®] =02, {om,a¥} =67, (5.5)
ba b = 85, {5107} =4l (5.6)

~10 -



The generators of SU(2,2|p + ¢q) are given in terms of the above superoscillators as

L™ =4y
L=t tgaiqV iy
Lt=¢t.gM (5.7)

and we refer to [36, 51-53] for details. Massless conformal supermultiplets are obtained by
taking one set (color) of super-oscillators which are referred to as doubleton supermultiplets.

The unitary irreducible representations of SU(2,2|p + ¢) algebra are constructed over
the super Fock space of these oscillators. One chooses a set of states |[2),® that are an-
nihilated by the “lowering” operators L~ and transform irreducibly under the grade zero
subalgebra SU(2|p) @ SU(2|¢q) @ U(1). Then by repeated application of the raising opera-
tors L* one generates an infinite set of states that form the basis of a unitary irreducible
representation of SU(2,2|p + q):

1Q), LTHQ), LTLTHQ),... (5.8)
Possible lowest weight vectors of massless conformal supermultiplets in d = 4 are either of
the form
Q) =gt ghr10) = | A 1A,1) (5.9)
P
or the form
Q) =t pte)0) = 1, A 1) (5.10)
Q

Here we use boxes with slashes for the super-Young-tableaur and P and @ are arbitrary
integers. We should note that one obtains the same set of representations of SU(2,2|N)
irrespective of the choice of p and ¢ so long as p +¢ = N4

We find it convenient for our purpose to use the basis where p = 0 and ¢ = N with
a,B=1,26¢08=1,2ij=12 ..., N}

§A=<;),§A=<O>, (5.11)
[ ba M b

Just looking at eq. (5.9) we deduce that scalars must be U(N) singlets. In (5.10) where
for scalars we need an anti-symmetric set of N operators /3*, which for all N form a singlet.

3By an abuse of notation this set of states will be referred to as the “ground state” or as the “lowest
weight vector”. They correspond simply to the lowest “energy” irrep of the compact subsuperalgebra
SU(2|p) ®SU(2|q) if one identifies the energy operator with the generator of U(1) that defines the 3-grading.

4This is true not only for the massless conformal supermultiplets but for all the unitary supermultiplets
of SU(2,2|p + q) [54].

5Equivalently one can choose a basis with ¢ = 0 and p = N.
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SL(2,C) | SU(5) | U(1) SL(2,C) | SU(5) | U(1)
(0,0) 1 0 (0,5/2) | 1 | -5/2
(1/2,0) | 5 | 1/2 (0,2) 5 -2
(1,0) 10 1 (0,3/2) | 10 | -3/2
(3/2,0) | 10 | 3/2 (0,1) 10 -1
(2,0) 5 2 0,1/2) | 5 | -1/2
(5/2,0) | 1 | 5/2 (0,0) 1 0

Table 4. The irreducible chiral doubleton supermultiplets of SU(2,2|5) and its conjugate, with the
highest spin 5/2. The scalars here are singlets of SU(5). The vector field strengths and their duals
transform in 10 and 10 of SU(5).

SL(2,C) | su(e) | u() SL(2,C) | sus) | ua)
(0,0) 1 0 (0,3) 1 -3
(1/2,0) | 6 1/2 (0,5/2) | 6 | -5/2
(1,0) 15 1 (0,2) 15 | -2
(3/2,0) | 20 | 3/2 (0,3/2) | 20 | -3/2
(2,0) i5 2 (0,1) 5 | -1
(5/2,0) | © 5/2 0,1/2) | 6 | -1/2
(3,0) i 3 (0,0) i 0

Table 5. The irreducible chiral doubleton supermultiplets of SU(2,2|6) and its conjugate, with
the highest spin 3. Scalars here are singlets of SU(6). The vector field strengths and their duals
transform in 15 and 15 of SU(6).

This gives us a prediction that all supermultiplets for N' > 5 with required vectors, other
than the graviton supermultiplets, have scalars that are singlets of SU(N), according to the
formulas (5.9) and (5.10). We confirm this prediction by constructing the corresponding
supermultiplets explicitly.

Below we present detailed form of the supermultiplets for each N with vectors in anti-
symmetric tensor representation of SU(N). N = 6 case is special in that the graviton
supermultiplet has, in addition, a vector that is a singlet of SU(6).

In A/ = 5 we have a vector in 10 and 10 of SU(5), whereas the scalar is a singlet in
SU(5). In table 4 we give the supermultiplets whose lowest weight vectors are |1,1) = |0)

and, |1, T - [/]), respectively.

5
In N = 6 we have a vector in 15 and 15 of SU(6), whereas the scalar is a singlet in

SU(6). In table 5 we give the supermultiplets of SU(2,2|6) whose lowest weight vectors are
11,1) =10) and, |1, 11 -~ [/]), respectively.

6
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SL(2,C) | SUE®) | U(1) SL(2,C) | SU(8) | U(1)
(0,0) 1 0 (0,4) 1 4
(1/2,0) | 8 1/2 0,7/2) | 8 | -7/2
(1,0) 28 1 (0,3) 28 | -3
(3/2,0) | 56 | 3/2 (0,5/2) | 56 | -5/2
(2,0) 70 2 0,2) 70 | -2
(5/2,0) | 56 | 5/2 (0,3/2) | 56 | -3/2
(3,0) 28 3 (0,1) 28 | -1
(7/2,0) | 8 7/2 0,1/2) | 8 | -1/2
(4,0) i 4 (0,0) 1 0

Table 6. The irreducible chiral doubleton supermultiplets of SU(2,2|8) and its conjugate, with
the highest spin 4. Scalars here are singlets of SU(8). The vector field strengths and their duals
transform in 28 and 28 of SU(8).

SL(2,C) | SU(6) | U(1) SL(2,C) | SUB) | U(1)
(1,0) 1 1 (0,4) 1 4
(3/2,0) | 6 3/2 0,7/2) | 6 | -7/2
(2,0) 15 2 (0,3) 15 | -3
(5/2,0) | 20 | 5/2 (0,5/2) | 20 | -5/2
(3,0) i5 3 0,2) 5 | -2
(7/2,0) | 6 7/2 0,3/2) | 6 | -3/2
(4,0) i 4 (0,1) i -1

Table 7. The irreducible chiral doubleton supermultiplets of SU(2,2|6) and its conjugate, with the
highest spin 4. Vectors here are singlets of SU(6) and scalars are absent.

In NV = 8 we have vector field strengths and their duals in 28 and 28 of SU(8), whereas
the scalar is a singlet in SU(8). In table 6 we give the supermultiplets of SU(2,2|8) whose
lowest weight vectors are |1,1) = |0) and, |1, [T/T -~ |/]) respectively.

8
Finally, in table 7 we show the A/ = 6 multiplets with an SU(6) singlet vector, without
scalars. Their lowest weight vectors are a®a”|0) and |1, U1 - 1)), respectively.

This is a special property of N’ = 6 supergravity where 16 vector ﬁgeld strengths transform
in 15 of SU(6) plus a singlet. This is not given by the general formulas (5.9), (5.10).
Note that in tables 4-7 the supermultiplets break the spin 2 barrier, s > 2, maximum
spin is 4, and contain multiple gravitons. Therefore we see that, in addition to the fact that
the scalars in these supermultiplets are not consistent with E7 type duality, they all contain
higher spin fields and multiple gravitons which add further support to the arguments that
the source of deformation with properties required by the proposal of [3] are not available.
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SL(2,C) | Ey | SU(10) | U(1) Fields SU(8) x SU(2)
(0,0) 1| 252 0 plikim] (56,1) + (56,1) + (70, 2)
(1,00 | 3| 210 1 AR = J L] (70,1) + (28,1) + (56, 2)
(0,3) 3 210 -1 A_[ijkl] = Aalfijkl] (70,1) 4 (28,1) + (56, 2)
1,00 | 2 | 120 | 2 Fi ™ = R (56,1) + (8,1) + (28,2)
01 | 2| 120 | -2 | Foo0=Fagun | 561+ 61)+(28,2)
3,00 | 3| 45 3| o=yl | @81 +1,1)+(82)
0,3) | 2 45 3 O = Yy | 28D+ (L1) +(8,2)
2,00 | 3] 10 4 Rl 55 (8,1) + (1,2)

0,2 | 3| 10 4 R 4556 (8,1) + (1,2)
(5.00 | 3 1 b R(apnse) (1,1)
(0,3) 3 1 5 Rsps6e) (1,1)

Table 8.  An example of the CPT-self-conjugate doubleton supermultiplet of SU(2,2|10).
4,9, k,...=1,2,...,10 are the SU(10) R-symmetry indices.

6 SU(2,2|N + n) supermultiplets containing vectors in anti-symmetric
tensor representations of SU(N) for N' = 5,6,8

The minimal CPT self-conjugate unitary supermultiplet that contains two sets of vector
fields transforming in the 28 of SU(8) is the doubleton supermultiplet of SU(2,2|10) which
we already discussed in [35]. Here we show it in table 8. We consider a decomposition of
SU(10) under the SU(8) x SU(2). In the last column of table 8 we show this decomposition.
We have here the double set of 28 vectors, we have (28,2) and (28,2). Note, however, that
the scalars here are also in (70,2), i.e. twice the amount we need. This is not accidental,
if one truncates this unitary supermultiplet of SU(2,2/10) by throwing out all the SU(2)
singlet states one gets two copies of the CPT self-conjugate supermultiplet of SU(2,2|8).
Therefore it is not valid for a source of deformation.

The CPT self-conjugate unitary supermultiplet of SU(2,2|8 + 2n) for n > 0 contains
% pairs of vector field strength multiplets transforming in (28 + 28) of SU(8) subgroup.
But also the number of scalars is increased, so all these models are not working.

To proceed with a more general case and to incorporate into our analysis both NV =5
and N' = 6 we would like to take into account the subtlety with N = 6 case, which we
already discussed before. Namely, in all N/ > 5 supergravities the vector field strength
transform as an antisymmetric tensor F,:ry[ij }, F[Z._j]w.
of the R-symmetry group. One way to get a doublet of vector fields is to increase the

R-symmetry from SU(N) to SU(N + 2) and choose supermultiplets in which the vector

In N’ = 6 case we also have singlets
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field strengths transform as

FHIIEL Fy i I,J=1,--N+2. (6.1)

v

Under restriction to SU(N') we then have SU(N +2) D SU(N) x SU(2) x U(1) and we get
the following decomposition

N +2N+DHWN) _ ((N)(N—l)(/\f—l) 1) N ((N)(N—l)
3! 3! ’
FJ[IJK] - F:[ijk] + F/j—[iﬂa + Flj;i[ab] (6.2)

174 174 174

In the case of N/ = 8 SU(2,2|10) which we show in the table 8, we see that indeed, we
have a doublet of required vectors. However, the scalars in 252 decompose as (56,1) +
(56,1) + (70, 2) under SU(8) x SU(2)! So we have a double amount of scalars compared to
the required ones.

In general, to obtain the states corresponding to fields strengths F,Z,[UK], transforming
in the (1,0) representation of the Lorentz group, one needs specific supermultiplets. Its
highest helicity state must either be (0,5/2) in a singlet of SU(N + 2) or its lowest helicity
state must be (1/2,0) in a singlet of SU(N +2). The first one leads to scalars transforming

as an anti-symmetric tensor of rank 5 under SU(N + 2).

SUW +2) D SUWN) x SU(2) x U(1)

¢[IJKLM] _ ¢[ijklm] + ¢[ijkl}a + (Zs[ijk][ab} (6.3)
252 = (56,1) + (70,2) + (56, 1) N =38
126 = (21,1) + (35,2) + (35,1) N=7
56 = (6,1) + (15,2) +(20,1) N =6
21=(1,1) + (5,2) + (10,1) N=5 (6.4)

In the second case for the supermultiplet with the lowest helicity state (1/2,0) in a
singlet of SU(N + 2) we find that the scalars transform in the fundamental representation
of SU(N + 2) which decomposes as

SUN +2) 5 SUW) x SU(2)

10 = (8,1) + (70,2) N =38
9=(7,1)+(1,2) N=71
8=(6,1)+ (1,2) N=6
7=(51)+ (1,2) N=5 (6.5)

Only for N' =5 the scalars in (5,1) are in the right representation. However, in all cases
above we have unwanted doublets of scalars. Thus, here again, we checked all possibilities
of a supersymmetric doubling of vectors. We always see that it is impossible to keep the
required scalars.
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Besides, all new supermultiplets involved have higher spins with s > 2 and all issues
discussed in [35] for N/ = 8 persist for N/ = 5, 6, namely the presence of a finite number of
states with higher spins s > 2 and presence of many fields with s = 2. No known interacting
theories exist that describe the coupling of a finite number of higher spin fields to gravity.
Furthermore the question of consistent coupling between a finite number of massless s = 2
fields has been investigated in [40] where the inconsistency of interacting multi-graviton
theories was established. In addition as we have emphasized above possible sources of
deformation introduce additional scalar fields beyond the original coset. Therefore we
conclude that BN proposal is incompatible with linearized on-shell supersymmetry.

7 Superfields

We have discussed candidate supermultiplets including vector duality doublet so far. Su-
perfield expression of such multiplets makes the structure more transparent, and therefore,
we show such superfields corresponding to multiplets in tables 4-6 and one originating
from a larger supermultiplet in table 8. We are using the notation of [38, 39]. On-shell
supermultiplets we have studied above can be simply expressed as chiral superfields. For
N =5, the supermultiplet in table 4 is given simply by the superfield

B(y,0) = ¢+ 07 X% + 070] Fls + 07070) €7 ™ iy,
+ 0007 0)00 € THM C s + 0007070005, 7K B (7.1)

For the supermultiplet of N' = 6 in table 5, we find

By, 0) = ¢+ 09X, + 0007 FL2 + 000007 7Ky + 0207 0) 07 €75 Cl 50
+ 000700005, 7F M Epgase + 08070 0005,00 €M™ G gsep - (7.2)

For N = 8, we found two candidate supermultiplets: the first one corresponds to the scalar
superfield:

By, 0) = ¢+ 09X, + 000 FL + 000007 TEmm gy + 02070) 07 FMPIC, s
+ 9? 9359119? egmeijklmnpqEnpqaﬁvée + 0" 9]@012 9? efnezeijklmnqupqaﬁvésﬂ
020797 6005,00 05 0070707 05,05,0507 ¢ 7kimna ]
+0;0;0,000,,0,05€ qapysed¢ 1 05 050,070, 0,0p0q€ aBysedCn
(7.3)

Note that, for each component field, the Lorentz indices «, 3, ,n are completely sym-
metrized, e.g. Jagyseocn = J(apyseocn)- These scalar superfields in N > 5 could be candidates
for supermultiplets providing extra (dual) vector fields. As we see, however, each of the
superfields contains scalar fields which are duality singlets, and also has fields with spin
s > 2. Therefore, we can not use such superfields to implement the deformation.
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There is also another possibility to have vector doublet, which originates from a trun-
cation of N' = 10 multiplet for N' = 8 case,

~a ~a o Tia 1 apB rjia 1
Cdgw'(yﬁ) = O@Bﬁ,g(y)'i_ei aa(dl/}[‘ﬁg)"i_gei 0]- 80((02855M,~y5) +§ Y5
1

apB 5 (kjia 1 apB S pe a ijkémn,
020 010000350:4 0550+ 070010205, D0 03013 X 1

1 ..
1 08 0 00005,65,000033503 055 Mgy F "

1 a dnK1 gk gk
40 00700051 0520753 00,0 53040

1 g
0807 07020710205 054 0,0, 5014, 055 OO gliktmnpg (7.4)

YR m’n “p adVgaUyYs5% kikakakg

eaeﬁegaa(daﬁﬁ-awx’g;”'“

+

ijkfmnpq

+ €

. a
éwmmmsq

+

where a = 1,2 is an extra SU(2) index. In this case, the vector is doubled, but also all other
components are. This leads e.g. to two 70 for scalars, two gravitons, etc. and therefore, we
cannot use this superfield for deformation either. One finds analogous results with A/ = 8
supermultiplet truncation to N'= 6 and N = 7 supermultiplet truncation to N' = 5.

8 Discussion

The complicated situation with UV divergences in perturbative N’ > 5 supergravity® orig-
inates from the existence of the on-shell Lorentz covariant and supersymmetric candidate
counterterms, see for example [13-16, 38]. They are often presented as some integrals over
the superspace, or sub-superspace based on Lorentz covariant superfields associated with
supermultiplets shown in table 1, table 2, table 3 for N’ = 8, 6,5 respectively.

Let us look, for example, at the 3-loop supersymmetric linearized R* counterterm in
the form given in [55]. It has 51 different terms for the 4-point candidate UV divergence.
One of them is a 2-vector-2-graviton 4-point candidate for an UV divergence

Lor = Caﬁ’yééd’ngangvABV5dF§.yB . (8.1)

It depends on 28 and 28 of SU(8) vector field strengths and their conjugates and 70
scalars. The counterterm is manifestly supersymmetric at the linearized level [14-16], all
51 terms are packaged in a superspace expression [ d4xd160[W]4 in a particular basis in
superspace, where the superfield W (z, §) represents the graviton supermultiplet in table 1.
If the relevant UV infinity were to occur, it would mean that E7(7) symmetry current
conservation must be broken [1, 2]. The BN proposal is to promote the counterterm to the
status of the manifestly E7(7) invariant SoD. For this purpose one should promote each
of the 28 and 28 of SU(8) to a graviphoton Ths 45 and T (;4-3, which makes the expression

Tt was argued in [8, 9] that the supersymmetric counterterms of N’ = 8 supergravity are absent in
the light-cone formalism. The corresponding counterterms in the light-cone formalism were never con-
structed during the last decade, in agreement with the arguments in [8, 9]. By a consistent reduction of
supersymmetry, one would expect also the absence of the light-cone candidate counterterms in N = 6, 5.
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n (8.1) a functional of the double set of 28 and 28 of SU(8):

Lor = SoD = Caﬁ’yéédﬁﬁsvasTg,yABV(;dT%B , (8.2)
28 & 28 = 2x (28 & 28). (8.3)

Note that the graviphoton
Tpoap = haap FAP7 — fAg Gaoa (8.4)

in SoD depends on both FA%7 and Gya which are independent of each other, as required
by E7 invariance, this is why we have to deal with the doubling of vector fields. This is
different from the expression in (8.1) for the candidate UV divergence, where Gt = N'F*
and G~ = NF~ and it is SU(8) invariant and there is a supersymmetric extension of the
expression in (8.1), as given explicitly at the linear level in [55].

Moreover, note that in the BN proposal the symplectic section, (haap, fﬁB) which is
used to build the SoD according to egs. (8.2), (8.4), does not change from the classical
case, scalars must remain the same to preserve the classical coset structure.

To find out if the supersymmetric extension of the bosonic SoD is available for all
N > 5 theories, we have studied all supermultiplets with a double set of dynamical vector
fields” as we need in the bosonic SoD in eq. (2.8). The results follow simply from the
unitary representations of the conformal Lie superalgebra SU(2,2|N). We presented all
possible supermultiplets which could be used in supersymmetrization of the SoD given
n (2.8). We proved that it is not possible to double the vectors without changing the basic
underlying premises of the theory such as the number and representations of SU(N) for
the scalars, and to avoid higher spins, in all available supermultiplets of the corresponding
superconformal algebra.

The authors of [31] studied the perturbative quantization of N/ = 8 supergravity in a
formulation in which the full U-duality group FE7(7 is realized off-shell and which is not
manifestly Lorentz invariant. They showed that E7(7) anomalies cancel as a consequence
of the vanishing SU(8) anomalies [60] to all orders in perturbation theory. We expect
these results to extend to N'= 6 and N/ = 5 supergravities as well. Therefore our results
suggest that simple E7 type duality symmetry in NV > 5 supergravity theories together
with supersymmetry might protect A/ > 5 supergravity from UV divergences assuming
supersymmetry does not become anomalous at higher loops and the results of [31] hold for
manifestly Lorentz invariant formulations. This reasoning is supported by the established
UV finiteness of ' = 8 and A/ = 5 at 3 and 4 loops. Particularly important here is the
case of N' =5 at 4 loops. Until the recent paper [30], not a single explanation of N’ =5
UV finiteness in 4 loops was proposed. Here, we find that the situation with candidate
counterterms which break duality [1, 2] is as follows. The proposal suggested in [3] to
restore duality was based on the assumption that also supersymmetry is unbroken in the
deformation process. Our study of this issue led us to the conclusion that BN deformation

"We have explained in section 3 why, based on all known constructions of supersymmetric theories, it
is not possible to realize the BN deformation proposal [3], using auxiliary vector fields within the standard
framework of extended supergravity theories.
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procedure can not be consistent with supersymmetry within the standard framework of
supergravity theories. From this perspective the UV finiteness of N = 8 and N = 5 at
3 and 4 loops is a consequence of the fact that both supersymmetry and duality are not
anomalous. In such case, together, they predict UV finiteness of N > 5 supergravity, as
we argue here on the basis of the absence of a consistent deformation preserving duality
and supersymmetry in presence of UV divergences. Thus our analysis, based on all known
constructions in supergravity, suggests the following: unbroken duality and supersymmetry
forbid UV divergences, and in case of N'= 8 and A/ = 5 at 3 and 4 loops the computations
in [4, 5, 29] support our interpretation that both of these symmetries are respected in these
perturbative computations.

The argument about absence of SoD which we gave here, based on unbroken duality
and supersymmetry and within the standard assumptions about extended supergravity, is
valid at any loop order in N > 5 supergravity. Whether these symmetries continue to be
respected in higher loops, i.e. whether N' > 5 supergravity theories remain fully duality
invariant, supersymmetric and anomaly-free, remains to be seen.
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A N = 2 supergravities interacting with matter

Above we have studied N' > 5 supergravity models, which have no matter multiplets, only
gravitational ones. In section 3 we considered a truncation of ' = 8 supergravity to N/ = 2
Maxwell-Einstein supergravity theory describing the coupling of 15 vector multiplets, the
quaternionic magical supergravity theory [43, 44]. This was done with the purpose to study
the issue of auxiliary fields in N' = 8 by looking at its truncated version.

Here we would like also to add few more comments about the general case of N' = 2 su-
pergravity coupled to vector multiplets. Matter-coupled supergravities are expected to have
one-loop UV divergences depending on the matter energy-momentum tensor R, — % g =
T Ij“;‘t. The relevant one-loop UV divergence is (T;ffl‘,at)2 + ---. In pure supergravities N’ > 5
this one-loop gauge-invariant UV divergence is absent since R, — %gWR = 0 on shell for
all N > 5 supergravities.

The magical supergravity theories were discovered long time ago [43, 44]. They are
defined by the four simple Jordan algebras of degree three realized by 3 x 3 Hermitian
matrices over the four division algebras. Their global symmetry groups in five, four and
three dimensions correspond to the groups that appear in the Magic Square of Freudenthal,
Rozenfeld and Tits. Hence the name. The d = 4 quaternionic magical supergravity can
be truncated to the complex and real magical N’ = 2 supergravity theories with 10 and
7 vector fields. The octonionic magical N = 2 supergravity theory with 28 vector fields

~19 —



can not be embedded in N' = 8 supergravity. The U-duality groups of the four magical
supergravity theories in 4d are all groups of type E7, namely Er(_s5),S0*(12),SU(3, 3) and
Sp(6,R) under which the vector field strengths and their magnetic duals transform in 56,
32, 20 and 14 dimensional representations, respectively. Among all the N' = 2 Maxwell-
Einstein supergravity theories with homogeneous scalar manifolds they are distinguished
by the fact that their U-duality groups are simple and the vector field strengths and their
magnetic duals form a single irreducible symplectic representation. This is a property they
share with A/ > 5 supergravity theories.

However unlike N > 5 supergravities generic N=2 Maxwell-Einstein supergravity the-
ories with homogeneous scalar manifolds have one loop divergences [56-59]. As was pointed
out in [59] these divergences correspond to two independent linearized counterterms and
the divergences associated with one of these counterterms are absent only for the magical
supergravity theories [43, 44], which have simple U-duality symmetry groups of type E7.
The first UV divergence in [59] corresponds to the term (T*)? 4 - -- which we discussed
above. It is duality invariant since the energy momentum tensor is duality invariant. The
fact that in magical supergravities the second type of UV divergence vanishes might be a
consequence of E7 type duality, but this requires a separate investigation, especially if it
persists at higher loops.

N = 2 theories have axial and conformal anomalies which are absent for NV > 5
supergravities [60-62] whose one-loop amplitudes are also anomaly-free [38]. This implies
that the U-duality groups of type E7 of the magical N' = 2 supergravity theories might be
broken at the quantum level. Hence the argument that the finiteness of N = 6 supergravity
may be understood as a consequence of exact SO*(12) U-duality symmetry at a given loop
order can not be extended to the magical quaternionic N' = 2 supergravity with the same
bosonic content since the anomalies tend to break U-duality symmetry at the quantum level
already at one loop level. This is suggested by the studies of N' = 4 supergravity with and
without matter at the one-loop level where there are anomalies, as shown in [63], and at
the four-loop level, where there are related UV divergences, as shown in [64]. More recent
developments in A/ = 4 supergravity in [65] and in [66] suggest that the relation between
anomalies and UV divergences in extended supergravities might be more interesting, and
new insights can be expected.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References
(1] R. Kallosh, E77) Symmetry and Finiteness of N = 8 Supergravity, JHEP 03 (2012) 083
[arXiv:1103.4115] [INSPIRE].

[2] R. Kallosh, N =8 Counterterms and E7(;y Current Conservation, JHEP 06 (2011) 073
[arXiv:1104.5480] [INSPIRE].

[3] G. Bossard and H. Nicolai, Counterterms vs. Dualities, JHEP 08 (2011) 074
[arXiv:1105.1273] [NSPIRE].

—90 —


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/JHEP03(2012)083
https://arxiv.org/abs/1103.4115
https://inspirehep.net/search?p=find+EPRINT+arXiv:1103.4115
https://doi.org/10.1007/JHEP06(2011)073
https://arxiv.org/abs/1104.5480
https://inspirehep.net/search?p=find+EPRINT+arXiv:1104.5480
https://doi.org/10.1007/JHEP08(2011)074
https://arxiv.org/abs/1105.1273
https://inspirehep.net/search?p=find+EPRINT+arXiv:1105.1273

[4]

O D)

L X% s

[10]

[19]

[20]

[21]

[22]

23]

Z. Bern, J.J. Carrasco, L.J. Dixon, H. Johansson, D.A. Kosower and R. Roiban, Three-Loop
Superfiniteness of N = 8 Supergravity, Phys. Rev. Lett. 98 (2007) 161303 [hep-th/0702112]
[INSPIRE].

Z. Bern, J.J.M. Carrasco, L.J. Dixon, H. Johansson and R. Roiban, Manifest Ultraviolet
Behavior for the Three-Loop Four-Point Amplitude of N = 8 Supergravity, Phys. Rev. D 78
(2008) 105019 [arXiv:0808.4112] [INSPIRE].

E. Cremmer and B. Julia, The SO(8) Supergravity, Nucl. Phys. B 159 (1979) 141 [InSPIRE].
B. de Wit and H. Nicolai, N = 8 Supergravity, Nucl. Phys. B 208 (1982) 323 [INSPIRE].
R. Kallosh, On a possibility of a UV finite N = 8 supergravity, arXiv:0808.2310 [INSPIRE].

R. Kallosh, N = 8 Supergravity on the Light Cone, Phys. Rev. D 80 (2009) 105022
[arXiv:0903.4630] [INSPIRE].

J. Broedel and L.J. Dixon, R* counterterm and E7(7)y symmetry in maximal supergravity,
JHEP 05 (2010) 003 [arXiv:0911.5704] [ixSPIRE].

H. Elvang and M. Kiermaier, Stringy KLT relations, global symmetries and Ery violation,
JHEP 10 (2010) 108 [arXiv:1007.4813] [INSPIRE].

N. Beisert, H. Elvang, D.Z. Freedman, M. Kiermaier, A. Morales and S. Stieberger, E;(7)
constraints on counterterms in N = 8 supergravity, Phys. Lett. B 694 (2011) 265
[arXiv:1009.1643] [INSPIRE].

G. Bossard, P.S. Howe, K.S. Stelle and P. Vanhove, The vanishing volume of D = 4
superspace, Class. Quant. Grav. 28 (2011) 215005 [arXiv:1105.6087] [INSPIRE].

R.E. Kallosh, Counterterms in extended supergravities, Phys. Lett. 99B (1981) 122 [INSPIRE].

P.S. Howe and U. Lindstrom, Higher Order Invariants in Extended Supergravity, Nucl. Phys.
B 181 (1981) 487 [INSPIRE].

P.S. Howe, K.S. Stelle and P.K. Townsend, Superactions, Nucl. Phys. B 191 (1981) 445
[INSPIRE].

M.K. Gaillard and B. Zumino, Duality Rotations for Interacting Fields, Nucl. Phys. B 193
(1981) 221 [INSPIRE].

J.J.M. Carrasco, R. Kallosh and R. Roiban, Covariant procedures for perturbative non-linear
deformation of duality-invariant theories, Phys. Rev. D 85 (2012) 025007
[arXiv:1108.4390] [iNSPIRE].

W. Chemissany, R. Kallosh and T. Ortin, Born-Infeld with Higher Derivatives, Phys. Rev. D
85 (2012) 046002 [arXiv:1112.0332] INSPIRE].

J. Broedel, J.J.M. Carrasco, S. Ferrara, R. Kallosh and R. Roiban, N = 2 Supersymmetry
and U(1)-Duality, Phys. Rev. D 85 (2012) 125036 [arXiv:1202.0014] [INSPIRE].

S.M. Kuzenko and S. Theisen, Nonlinear selfduality and supersymmetry, Fortsch. Phys. 49
(2001) 273 [hep-th/0007231] [INSPIRE].

S. Cecotti and S. Ferrara, Supersymmetric Born-Infeld Lagrangians, Phys. Lett. B 187
(1987) 335 [INSPIRE].

J. Bagger and A. Galperin, A New Goldstone multiplet for partially broken supersymmetry,
Phys. Rev. D 55 (1997) 1091 [hep-th/9608177] [iNSPIRE].

- 21 —


https://doi.org/10.1103/PhysRevLett.98.161303
https://arxiv.org/abs/hep-th/0702112
https://inspirehep.net/search?p=find+J+%22Phys.Rev.Lett.,98,161303%22
https://doi.org/10.1103/PhysRevD.78.105019
https://doi.org/10.1103/PhysRevD.78.105019
https://arxiv.org/abs/0808.4112
https://inspirehep.net/search?p=find+EPRINT+arXiv:0808.4112
https://doi.org/10.1016/0550-3213(79)90331-6
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B159,141%22
https://doi.org/10.1016/0550-3213(82)90120-1
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B208,323%22
https://arxiv.org/abs/0808.2310
https://inspirehep.net/search?p=find+EPRINT+arXiv:0808.2310
https://doi.org/10.1103/PhysRevD.80.105022
https://arxiv.org/abs/0903.4630
https://inspirehep.net/search?p=find+EPRINT+arXiv:0903.4630
https://doi.org/10.1007/JHEP05(2010)003
https://arxiv.org/abs/0911.5704
https://inspirehep.net/search?p=find+EPRINT+arXiv:0911.5704
https://doi.org/10.1007/JHEP10(2010)108
https://arxiv.org/abs/1007.4813
https://inspirehep.net/search?p=find+EPRINT+arXiv:1007.4813
https://doi.org/10.1016/j.physletb.2010.09.069
https://arxiv.org/abs/1009.1643
https://inspirehep.net/search?p=find+EPRINT+arXiv:1009.1643
https://doi.org/10.1088/0264-9381/28/21/215005
https://arxiv.org/abs/1105.6087
https://inspirehep.net/search?p=find+EPRINT+arXiv:1105.6087
https://doi.org/10.1016/0370-2693(81)90964-3
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B99,122%22
https://doi.org/10.1016/0550-3213(81)90537-X
https://doi.org/10.1016/0550-3213(81)90537-X
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B181,487%22
https://doi.org/10.1016/0550-3213(81)90308-4
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B191,445%22
https://doi.org/10.1016/0550-3213(81)90527-7
https://doi.org/10.1016/0550-3213(81)90527-7
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B193,221%22
https://doi.org/10.1103/PhysRevD.85.025007
https://arxiv.org/abs/1108.4390
https://inspirehep.net/search?p=find+EPRINT+arXiv:1108.4390
https://doi.org/10.1103/PhysRevD.85.046002
https://doi.org/10.1103/PhysRevD.85.046002
https://arxiv.org/abs/1112.0332
https://inspirehep.net/search?p=find+EPRINT+arXiv:1112.0332
https://doi.org/10.1103/PhysRevD.85.125036
https://arxiv.org/abs/1202.0014
https://inspirehep.net/search?p=find+EPRINT+arXiv:1202.0014
https://doi.org/10.1002/1521-3978(200102)49:1/3&lt;273::AID-PROP273&gt;3.0.CO;2-0
https://doi.org/10.1002/1521-3978(200102)49:1/3&lt;273::AID-PROP273&gt;3.0.CO;2-0
https://arxiv.org/abs/hep-th/0007231
https://inspirehep.net/search?p=find+J+%22Fortsch.Phys.,49,273%22
https://doi.org/10.1016/0370-2693(87)91105-1
https://doi.org/10.1016/0370-2693(87)91105-1
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B187,335%22
https://doi.org/10.1103/PhysRevD.55.1091
https://arxiv.org/abs/hep-th/9608177
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D55,1091%22

[24]

[30]

[31]

32]

M. Rocek and A.A. Tseytlin, Partial breaking of global D = 4 supersymmetry, constrained
superfields and three-brane actions, Phys. Rev. D 59 (1999) 106001 [hep-th/9811232]
[INSPIRE].

S.V. Ketov, Born-Infeld-Goldstone superfield actions for gauge fized D-5 branes and D-3
branes in 6-d, Nucl. Phys. B 553 (1999) 250 [hep-th/9812051] [INSPIRE].

S. Bellucci, E. Ivanov and S. Krivonos, Towards the complete N = 2 superfield Born-Infeld
action with partially broken N = 4 supersymmetry, Phys. Rev. D 64 (2001) 025014
[hep-th/0101195] [INSPIRE].

R. Kallosh, H. Nicolai, R. Roiban and Y. Yamada, On quantum compatibility of counterterm
deformations and duality symmetries in N > 5 supergravities, JHEP 08 (2018) 091
[arXiv:1802.03665] INSPIRE].

L. Andrianopoli, R. D’Auria and S. Ferrara, U duality and central charges in various
dimensions revisited, Int. J. Mod. Phys. A 13 (1998) 431 [hep-th/9612105] [INSPIRE].

Z. Bern, S. Davies and T. Dennen, Enhanced ultraviolet cancellations in N =5 supergravity
at four loops, Phys. Rev. D 90 (2014) 105011 [arXiv:1409.3089] [INSPIRE].

R. Kallosh, The Action with Manifest Ez Type Symmetry, JHEP 05 (2019) 109
[arXiv:1812.08087] [INSPIRE].

G. Bossard, C. Hillmann and H. Nicolai, E7(7) symmetry in perturbatively quantised N =8
supergravity, JHEP 12 (2010) 052 [arXiv:1007.5472] [INSPIRE].

R. Kallosh and T. Ortin, New E7 7y invariants and amplitudes, JHEP 09 (2012) 137
[arXiv:1205.4437] INSPIRE].

L. Brink and P.S. Howe, The N = 8 Supergravity in Superspace, Phys. Lett. 88B (1979) 268
[INSPIRE].

P.S. Howe, Supergravity in Superspace, Nucl. Phys. B 199 (1982) 309 [inSPIRE].

M. Giinaydin and R. Kallosh, Obstruction to Eq(7y Deformation in N = 8 Supergravity,
arXiv:1303.3540 [INSPIRE].

M. Giinaydin and N. Marcus, The Unitary Supermultiplet of N = 8 Conformal Superalgebra
Involving Fields of Spin < 2, Class. Quant. Grav. 2 (1985) L19 [INSPIRE].

M. Chiodaroli, M. Giinaydin and R. Roiban, Superconformal symmetry and mazimal
supergravity in various dimensions, JHEP 03 (2012) 093 [arXiv:1108.3085] [INSPIRE].

D.Z. Freedman, R. Kallosh, D. Murli, A. Van Proeyen and Y. Yamada, Absence of U(1)
Anomalous Superamplitudes in N' > 5 Supergravities, JHEP 05 (2017) 067
[arXiv:1703.03879] INSPIRE].

D.Z. Freedman, R. Kallosh and Y. Yamada, Duality Constraints on Counterterms in N =5,
6 Supergravities, Fortsch. Phys. 66 (2018) 1800054 [arXiv:1807.06704] INSPIRE].

N. Boulanger, T. Damour, L. Gualtieri and M. Henneaux, Inconsistency of interacting,
multigraviton theories, Nucl. Phys. B 597 (2001) 127 [hep-th/0007220] [INSPIRE].

R.B. Brown, Groups of type E7, J. Reine Angew. Math. 236 (1969) 79.

S. Ferrara and R. Kallosh, Creation of Matter in the Universe and Groups of Type E7, JHEP
12 (2011) 096 [arXiv:1110.4048] INSPIRE].

- 29 —


https://doi.org/10.1103/PhysRevD.59.106001
https://arxiv.org/abs/hep-th/9811232
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D59,106001%22
https://doi.org/10.1016/S0550-3213(99)00239-4
https://arxiv.org/abs/hep-th/9812051
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B553,250%22
https://doi.org/10.1103/PhysRevD.64.025014
https://arxiv.org/abs/hep-th/0101195
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D64,025014%22
https://doi.org/10.1007/JHEP08(2018)091
https://arxiv.org/abs/1802.03665
https://inspirehep.net/search?p=find+EPRINT+arXiv:1802.03665
https://doi.org/10.1142/S0217751X98000196
https://arxiv.org/abs/hep-th/9612105
https://inspirehep.net/search?p=find+J+%22Int.J.Mod.Phys.,A13,431%22
https://doi.org/10.1103/PhysRevD.90.105011
https://arxiv.org/abs/1409.3089
https://inspirehep.net/search?p=find+EPRINT+arXiv:1409.3089
https://doi.org/10.1007/JHEP05(2019)109
https://arxiv.org/abs/1812.08087
https://inspirehep.net/search?p=find+EPRINT+arXiv:1812.08087
https://doi.org/10.1007/JHEP12(2010)052
https://arxiv.org/abs/1007.5472
https://inspirehep.net/search?p=find+EPRINT+arXiv:1007.5472
https://doi.org/10.1007/JHEP09(2012)137
https://arxiv.org/abs/1205.4437
https://inspirehep.net/search?p=find+EPRINT+arXiv:1205.4437
https://doi.org/10.1016/0370-2693(79)90464-7
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B88,268%22
https://doi.org/10.1016/0550-3213(82)90349-2
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B199,309%22
https://arxiv.org/abs/1303.3540
https://inspirehep.net/search?p=find+EPRINT+arXiv:1303.3540
https://doi.org/10.1088/0264-9381/2/2/002
https://inspirehep.net/search?p=find+J+%22Class.Quant.Grav.,2,L19%22
https://doi.org/10.1007/JHEP03(2012)093
https://arxiv.org/abs/1108.3085
https://inspirehep.net/search?p=find+EPRINT+arXiv:1108.3085
https://doi.org/10.1007/JHEP05(2017)067
https://arxiv.org/abs/1703.03879
https://inspirehep.net/search?p=find+EPRINT+arXiv:1703.03879
https://doi.org/10.1002/prop.201800054
https://arxiv.org/abs/1807.06704
https://inspirehep.net/search?p=find+EPRINT+arXiv:1807.06704
https://doi.org/10.1016/S0550-3213(00)00718-5
https://arxiv.org/abs/hep-th/0007220
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B597,127%22
https://doi.org/10.1007/JHEP12(2011)096
https://doi.org/10.1007/JHEP12(2011)096
https://arxiv.org/abs/1110.4048
https://inspirehep.net/search?p=find+EPRINT+arXiv:1110.4048

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[59]

[60]

M. Giinaydin, G. Sierra and P.K. Townsend, The Geometry of N = 2 Mazxwell-Einstein
Supergravity and Jordan Algebras, Nucl. Phys. B 242 (1984) 244 [INSPIRE].

M. Giinaydin, G. Sierra and P.K. Townsend, Exceptional Supergravity Theories and the
MAGIC Square, Phys. Lett. 133B (1983) 72 [INSPIRE].

N. Banerjee, B. de Wit and S. Katmadas, The Off-Shell 4D/5D Connection, JHEP 03
(2012) 061 [arXiv:1112.5371] [INSPIRE].

B. de Wit, S. Katmadas and M. van Zalk, New supersymmetric higher-derivative couplings:
Full N = 2 superspace does not count!, JHEP 01 (2011) 007 [arXiv:1010.2150] [INSPIRE].

N. Boulanger, B. Julia and L. Traina, Uniqueness of N' =2 and 3 pure supergravities in 4D,
JHEP 04 (2018) 097 [arXiv:1802.02966] INSPIRE].

W. Chemissany, S. Ferrara, R. Kallosh and C.S. Shahbazi, N = 2 Supergravity
Counterterms, Off and On Shell, JHEP 12 (2012) 089 [arXiv:1208.4801] [INSPIRE].

W. Nahm, Supersymmetries and their Representations, Nucl. Phys. B 135 (1978) 149
[INSPIRE].

J.A. Strathdee, Extended Poincaré Supersymmetry, Int. J. Mod. Phys. A 2 (1987) 273
[INSPIRE].

M. Giinaydin and N. Marcus, The Spectrum of the S° Compactification of the Chiral N = 2,
D = 10 Supergravity and the Unitary Supermultiplets of U(2,2/4), Class. Quant. Grav. 2
(1985) L11 [InSPIRE].

M. Giinaydin, D. Minic and M. Zagermann, 4D doubleton conformal theories, CPT and IIB
string on AdSs x S°, Nucl. Phys. B 534 (1998) 96 [Erratum ibid. B 538 (1999) 531]
[hep-th/9806042] [INSPIRE].

M. Giinaydin, D. Minic and M. Zagermann, Nowvel supermultiplets of SU(2,2|4) and the
AdS5/CFTy duality, Nucl. Phys. B 544 (1999) 737 [hep-th/9810226] [INSPIRE].

M. Giinaydin and D. Volin, The Complete Unitary Dual of Non-compact Lie Superalgebra
su(p, glm) via the Generalised Oscillator Formalism and Non-compact Young Diagrams,
Commun. Math. Phys. 367 (2019) 873 [arXiv:1712.01811] InSPIRE].

D.Z. Freedman and E. Tonni, The D** R* Invariants of N = 8 Supergravity, JHEP 04 (2011)
006 [arXiv:1101.1672] [INSPIRE].

J.J.M. Carrasco, M. Chiodaroli, M. Giinaydin and R. Roiban, One-loop four-point
amplitudes in pure and matter-coupled N < 4 supergravity, JHEP 03 (2013) 056
[arXiv:1212.1146] [INSPIRE].

M. Chiodaroli, M. Giinaydin, H. Johansson and R. Roiban, Complete construction of
magical, symmetric and homogeneous N = 2 supergravities as double copies of gauge
theories, Phys. Rev. Lett. 117 (2016) 011603 [arXiv:1512.09130] [INSPIRE].

M. Chiodaroli, M. Giinaydin, H. Johansson and R. Roiban, Ezplicit Formulae for
Yang-Mills- Einstein Amplitudes from the Double Copy, JHEP 07 (2017) 002
[arXiv:1703.00421] InSPIRE].

M. Ben-Shahar and M. Chiodaroli, One-loop amplitudes for N' = 2 homogeneous
supergravities, JHEP 03 (2019) 153 [arXiv:1812.00402] [INSPIRE].

N. Marcus, Composite Anomalies in Supergravity, Phys. Lett. 157B (1985) 383 [INSPIRE].

~ 93 -


https://doi.org/10.1016/0550-3213(84)90142-1
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B242,244%22
https://doi.org/10.1016/0370-2693(83)90108-9
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B133,72%22
https://doi.org/10.1007/JHEP03(2012)061
https://doi.org/10.1007/JHEP03(2012)061
https://arxiv.org/abs/1112.5371
https://inspirehep.net/search?p=find+EPRINT+arXiv:1112.5371
https://doi.org/10.1007/JHEP01(2011)007
https://arxiv.org/abs/1010.2150
https://inspirehep.net/search?p=find+EPRINT+arXiv:1010.2150
https://doi.org/10.1007/JHEP04(2018)097
https://arxiv.org/abs/1802.02966
https://inspirehep.net/search?p=find+EPRINT+arXiv:1802.02966
https://doi.org/10.1007/JHEP12(2012)089
https://arxiv.org/abs/1208.4801
https://inspirehep.net/search?p=find+EPRINT+arXiv:1208.4801
https://doi.org/10.1016/0550-3213(78)90218-3
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B135,149%22
https://doi.org/10.1142/S0217751X87000120
https://inspirehep.net/search?p=find+J+%22Int.J.Mod.Phys.,A2,273%22
https://doi.org/10.1088/0264-9381/2/2/001
https://doi.org/10.1088/0264-9381/2/2/001
https://inspirehep.net/search?p=find+J+%22Class.Quant.Grav.,2,L11%22
https://doi.org/10.1016/S0550-3213(98)00801-3
https://arxiv.org/abs/hep-th/9806042
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B534,96%22
https://doi.org/10.1016/S0550-3213(99)00007-3
https://arxiv.org/abs/hep-th/9810226
https://inspirehep.net/search?p=find+J+%22Nucl.Phys.,B544,737%22
https://doi.org/10.1007/s00220-019-03406-7
https://arxiv.org/abs/1712.01811
https://inspirehep.net/search?p=find+EPRINT+arXiv:1712.01811
https://doi.org/10.1007/JHEP04(2011)006
https://doi.org/10.1007/JHEP04(2011)006
https://arxiv.org/abs/1101.1672
https://inspirehep.net/search?p=find+EPRINT+arXiv:1101.1672
https://doi.org/10.1007/JHEP03(2013)056
https://arxiv.org/abs/1212.1146
https://inspirehep.net/search?p=find+EPRINT+arXiv:1212.1146
https://doi.org/10.1103/PhysRevLett.117.011603
https://arxiv.org/abs/1512.09130
https://inspirehep.net/search?p=find+EPRINT+arXiv:1512.09130
https://doi.org/10.1007/JHEP07(2017)002
https://arxiv.org/abs/1703.00421
https://inspirehep.net/search?p=find+EPRINT+arXiv:1703.00421
https://doi.org/10.1007/JHEP03(2019)153
https://arxiv.org/abs/1812.00402
https://inspirehep.net/search?p=find+EPRINT+arXiv:1812.00402
https://doi.org/10.1016/0370-2693(85)90385-5
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B157,383%22

[61] K.A. Meissner and H. Nicolai, Conformal Anomalies and Gravitational Waves, Phys. Lett. B
772 (2017) 169 [arXiv:1607.07312] INSPIRE].

[62] R. Kallosh, Cancellation of Conformal and Chiral Anomalies in N > 5 supergravities, Phys.
Rev. D 95 (2017) 041701 [arXiv:1612.08978] [INSPIRE].

[63] J.J.M. Carrasco, R. Kallosh, R. Roiban and A.A. Tseytlin, On the U(1) duality anomaly and
the S-matriz of N = 4 supergravity, JHEP 07 (2013) 029 [arXiv:1303.6219] [INSPIRE].

[64] Z. Bern, S. Davies, T. Dennen, A.V. Smirnov and V.A. Smirnov, Ultraviolet Properties of
N = 4 Supergravity at Four Loops, Phys. Rev. Lett. 111 (2013) 231302 [arXiv:1309.2498|
[INSPIRE].

[65] D. Butter, F. Ciceri, B. de Wit and B. Sahoo, Construction of all N = 4 conformal
supergravities, Phys. Rev. Lett. 118 (2017) 081602 [arXiv:1609.09083] [INSPIRE].

[66] Z. Bern, J. Parra-Martinez and R. Roiban, Canceling the U(1) Anomaly in the S Matriz of
N = 4 Supergravity, Phys. Rev. Lett. 121 (2018) 101604 [arXiv:1712.03928] INSPIRE].

—94 —


https://doi.org/10.1016/j.physletb.2017.06.031
https://doi.org/10.1016/j.physletb.2017.06.031
https://arxiv.org/abs/1607.07312
https://inspirehep.net/search?p=find+EPRINT+arXiv:1607.07312
https://doi.org/10.1103/PhysRevD.95.041701
https://doi.org/10.1103/PhysRevD.95.041701
https://arxiv.org/abs/1612.08978
https://inspirehep.net/search?p=find+EPRINT+arXiv:1612.08978
https://doi.org/10.1007/JHEP07(2013)029
https://arxiv.org/abs/1303.6219
https://inspirehep.net/search?p=find+J+%22JHEP,1307,029%22
https://doi.org/10.1103/PhysRevLett.111.231302
https://arxiv.org/abs/1309.2498
https://inspirehep.net/search?p=find+EPRINT+arXiv:1309.2498
https://doi.org/10.1103/PhysRevLett.118.081602
https://arxiv.org/abs/1609.09083
https://inspirehep.net/search?p=find+EPRINT+arXiv:1609.09083
https://doi.org/10.1103/PhysRevLett.121.101604
https://arxiv.org/abs/1712.03928
https://inspirehep.net/search?p=find+EPRINT+arXiv:1712.03928

	Introduction
	Source of deformation proposal
	Off-shell N > = 5 supersymmetry?
	Source of deformation and supersymmetry
	All SU(2,2|N) supermultiplets with vectors in anti-symmetric  tensor representations of SU(N) for N = 5,6,8
	SU(2,2|N + n) supermultiplets containing vectors in anti-symmetric  tensor representations of SU(N) for N = 5,6,8
	Superfields
	Discussion
	N = 2 supergravities interacting with matter

