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This effort was based on the believe that  N=8 supergravity was so 
beautiful that it has to play a role in the physical world.

Hermann and I wrote 26 joint papers, of which the first 14 
ones, written during 1980-1987, dealt exclusively with N=8 
supergravity and its possible higher-dimensional origin.

In working together during all these years I learned that Hermann 
has a strong appreciation of the relation between 

TRUTH & BEAUTY

It is certainly true that N=8 supergravity is an exceptional 4D theory. 
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Hermann Nicolai (AEI) was born in 1952

Friedrich der Grosse (Sanssouci) was born in 1712

How could this be a coincidence ..........?

Their age difference is therefore F −H = 240 years

Surprisingly, the symplectic group           and the 
unitary group                both have a permutation 
representation on 240 points.

S8(2)
2.U4(2)

Of course one must be cautious with arguments based on 
esthetics and is easy to be carried away as the following trivial 
example illustrates:

TRUTH & BEAUTY
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✽ Eight supersymmetries (maximal)

What we did not know at the time:

N=8 Supergravity

✽ Contains gravity and 28 abelian gauge fields

✽ Follows from D=11 supergravity by dimensional 
    compactification on a 7-sphere

Truly beautiful theory:

✽ Non-linearly realized          symmetry,
    optionally broken by an            gauge group

E7(7)

SO(8)

✽             Supergravity may be a finite quantum field theory !N = 8

✽ Many more gauge groups are possible 
    (not related to non-compact or contracted versions of             ) SO(8)

dW, Samtleben, Trigiante, 2007

Bern, Carrasco, Dixon, Johansson, Kosower, Roiban,  2007

dW, Nicolai, 1982

Cremmer, Julia, 1979

dW, 1979

dW, Freedman, 1977

Brink, Howe, 1979
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COMPARISON TO D=5 MAXIMAL SUPERGRAVITY

Its field representation depends critically on the particular 
gauging, a phenomenon related to tensor-vector duality. All 
possible gaugings are in principle known and encoded in a 
so-called embedding tensor.

The 5D theory is more ‘beautiful’ than IIB supergravity in ten 
space-time dimensions, from which it can be obtained by 
dimensional reduction. The latter is based on a more reducible 
field configuration as compared to 11D supergravity. 

In five space-time dimensions maximal supergravity has similar 
features. The ungauged theory has a non-linearly realized            
symmetry.

E6(6)

EM
A AMNP

ψM 11D

EM
A φα AMN

α AMNPQ

ψM λ IIB

dW, Samtleben, Trigiante, 2005

Günaydin, Romans, Warner, 2005
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Of course there is no argument at all for believing that the 5D 
theory should be less relevant than the 4D one, just because 
of  ‘esthetical shortcomings’ !  

Rather, I want to take this opportunity to review some of what 
we did at the time for N=8 supergravity, and to consider 
applying the same strategy for 5D maximal supergravity. 

The conclusion will be that we were helped by the symmetric 
structure of D=11 supergravity. Our strategy was never applied 
to any other theory. Exploring this strategy for another theory, 
such as IIB supergravity, is a worthwhile exercise, because the 
structure of that theory is less rigid. The application to 
IIB supergravity should also be interesting in its own right.

An important ingredient in our work was the construction of a 
new formulation of D=11 supergravity.
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CONSISTENCY & EMBEDDING

Compactifying the eleven-dimensional space on a seven-sphere 
one can truncate the degrees of freedom of D=11 supergravity to a 
‘massless’ N=8 supermultiplet. This multiplet coincides with the 
supermultiplet on which N=8 supergravity is based. 

It is constructed by writing the higher-dimensional theory in the 
form of a lower-dimensional one, still retaining the dependence 
on the extra coordinates, by changing the tangent space of the 
theory and thus the R-symmetry group.

Hence the spinor fields are converted to spinors in a 
lower-dimensional space-time. This is a crucial step.

In attempting to prove that this truncation is consistent, we 
constructed an alternative formulation of D=11 supergravity, 
which does not truncate the number of degrees of freedom,
and is locally             invariant. dW, Nicolai, 1986SU(8)

Wednesday 5 September 2012



THE 11 = 4 + 7  SPLIT :

Spin(10, 1) −→ Spin(3, 1)× Spin(7)
−→ Spin(3, 1)× Spin(8)

Kaluza-Klein-type ansatz:

ψM −→ ψµ + ψaFermion decomposition:

α = 0, 1, 2, 3

a = 1, 2, . . . , 7

4D spinors8 + 56

8 + 56chiral           : SU(8)

(Weyl rescaling ➙ Einstein frame)

Majorana extension: use           γ5

Tangent-space group: SO(10, 1) −→ SO(3, 1)× SO(7)

EM
A =




eµ

α Bµ
n en

a

0 em
a
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More precisely:

δBµ
m = 1

8

√
2i∆−1/2 Γm

AB

�
2
√

2 �̄A ψµ
B + �̄C γµχABC

�
+ h.c.

Generalized vielbein:

Cremmer, Julia, 1979

so(7)
so(8)

a = 1, 2, . . . , 7Γab ⊕ iΓa ⊕ γ5Γabc

su(8)

ψa χABC ∝ Γa
[AB ψaC]Spinor representation of        :

em
AB = i∆−1/2 ea

m Γa
AB

Complexified by a compensating local SU(8) transformation on all the spinors. 
Hence, one regards the results obtained from 11D as a gauge-fixed version of 
a new  underlying theory and includes a uniform                       phase factor. SU(8)/SO(7)
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δem
AB = −

√
2 ΣABCD em CD

For instance, the supersymmetry variation of the generalized 
vielbein takes the form

The generalized vielbein satisfies a large number of algebraic 
and differential constraints.

∈ e7(7)/su(8)

      covariant (by construction ?) SU(8)

Besides the local            invariance, the formulation exhibits               
also          covariant (not invariant) features, in a way that is 
very similar to the structure of the purely 4D theory !

E7(7)

SU(8)

ΣABCD = �̄[A χBCD] + εABCDEFGH �̄E χFGH
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This formulation still describes the full D=11 theory. The 
distribution of the degrees of freedom is very subtle and 
depends on the background considered. 

For instance, in the      compactification, the vector fields           
describe 28 vector gauge fields associated with the      
isometries, but only 7 ones in the toroidal compactification. In 
that case additional vector fields will provided by the 
three-rank tensor field             . 

Bµ
m

S7
S7

AMNP

The supersymmetry variations of the spinor fields lead to a 
number of generalized ‘connections’ (such as  an           
connection) which can be used to define generalized covariant 
derivatives. The differential constraints on the generalized 
vielbeine imply that they are covariantly constant with respect 
to these derivatives. This condition is known as the 
‘generalized vielbein postulate’.

SU(8)
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It is fair to say that the full geometrical and the dynamical 
implications of this new formulation of D=11 supergravity have 
not been fully explored.

dW, Nicolai, 1987
Nicolai, Pilch, 2012

On the other hand, on the basis of this formulation, it was 
possible to fully understand the consistent embedding of 
          gauged supergravity at the full non-linear level (i.e. for 
the field configuration space, beyond the isolated points that 
correspond to specific solutions). 

SO(8)

In this truncation the dependence on the      coordinates of 
the non-linearly redefined fields is captured in terms of 
     Killing spinors and vectors.S7

S7

Wednesday 5 September 2012



To explore this strategy further it is of interest to consider its 
application to other theories. A prime candidate for this is 
IIB supergravity. Here I will present some results from a 
preliminary analysis.

But it is crucial that this truncation is applied on the redefined 
fields, including the scale factor and the local 
phase factor. The presence of this phase factor was in line 
with earlier findings where we consistently extrapolated 
between two solutions of N=8 supergravity, and 
correspondingly, between the two uplifted solutions  of 11D 
supergravity. 

SU(8)/SO(7)
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IIB SUPERGRAVITY 

φα AMNPQAMN
αEM

A λψM

Green, Schwarz, 1982
Schwarz, West,1983
Schwarz,1983

Upon truncation:
Its compactication on a five-torus is expected to lead 
to ungauged 5D maximal supergravity. 
Its compactification on the five-sphere is expected to 
lead to SO(6) gauged supergravity.

Cremmer, 1980

Günaydin, Romans, Warner,1986

The existence of this theory was inferred from IIB superstring 
theory. The theory has a non-linearly realized            
symmetry.  Its field configuration contains the vielbein and a 
complex chiral gravitino, a complex chiral fermion, a complex 
scalar, and a number of antisymmetric tensor gauge fields:

SL(2) ∼= SU(1, 1)
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THE  10 = 5 + 5  SPLIT :

Kaluza-Klein-type ansatz:

a = 1, 2, . . . , 5

α = 0, 1, . . . , 4

Spin(9, 1)×U(1) −→ USp(4, 1)×USp(4)×U(1)
−→ Spin(4, 1)× SU(4)×U(1)

USp(8) : 8 + 48Further extension: use U(1)

Fermion decomposition: ψM + λ −→ ψµ + ψa + λ

Tangent space group: SO(9, 1) −→ SO(4, 1)× SO(5)

5D spinors4 + 4 + 20 + 20 + 4 + 4

(Weyl rescaling ➙ Einstein frame)

EM
A =




eµ

α Bµ
n en

a

0 em
a
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T ≡ i14 ⊗ σ3, Ta ≡ iΓa ⊗ σ3,

T 0
ab ≡ Γab ⊗ 12, T 1

ab ≡ Γab ⊗ σ1, T 2
ab ≡ Γab ⊗ σ2 .

USp(8) generators for gravitini :

(symplectic matrix :                          )Ω = Ω(4) ⊗ σ1

T : U(1) generator : ψM → eiΛ/2 ψM

λ → e−3iΛ/2 λ

gamma matrices : 4× 4
γα

��
spacetime

= iΓα Γ6Γ7Γ8Γ9Γ10

Γa

��
internal

= iΓa+5 Γ1Γ2Γ3Γ4Γ5

generators of SU(4)Ta ⊕ Tab
0

∆T = ±1Tab
1 ⊕ Tab

2
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δBµ
m = 1

2∆−1/3ea
m

�
i�̄ Γaψµ + �̄ γµ(δa

b + 1
3ΓaΓb)ψb + h.c.

�

incomplete representation T = ±1/2

This raises intriguing questions about the role of the generalized 
vielbein! It might be that the above structure will have to be 
complemented with terms appearing in the variation of the 
vector fields that arise under the reduction of the tensor fields. 

The               transformations on the 48 spin-1/2  is much more 
subtle. One has to assemble the fields                and their complex 
conjugates into a single three-index tensor

ψa ⊕ λ
USp(8)

It is clear that things are more involved in this case, and to 
elucidate the full structure will require more time. Nevertheless, 
we have already understood how a large part of the program as 
it was applied to 11D supergravity, can be carried out. 
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A very intriguing question concerns the overall structure that will 
be obtained, in particular with regard to the generalized vielbein 
postulate.

The potential results can be used to show that SO(6) gauged 
supergravity can be embedded consistently into IIB supergravity.

With regard to other possible applications, it is important to 
realize that the new formulation still contains the full tower of 
Kaluze-Klein supermultiplets. Perhaps this could eventually be 
exploited in the context of AdS/CFT.
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Eternal Bliss

In all these years we were not just doing 
supergravity and other superstuff.........

We spend many pleasant times together, also 
with our families, we met all over the globe........

We shared in more than our joint scientific 
excitement..........

And we played the piano !
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And many happy returns !

Happy Birthday
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