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Why (N = 8,d = 4) supergravity?

@ Maximum supersymmetry allowed for spin 2 : N = 8 (32 supercharges)

128, + 128; = 256 physical d.o.f.
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[E. Cremmer and B. Julia, 1979]

Symmetry —  Conservationlaw —  Constraints

@ Better UV behaviour than expected; finite up to four loops

KLT relations : N = 8 supergravity ~ (N = 4 superYang-Mills theory)?
[K. Stelle, 2007 ; Z. Bern et. al., 2009]

More symmetry than meets the eye??



Exceptional symmetries in maximal supergravity

(M =1,d = 11) supergravity

(N =8,d = 5) supergravity —  Egg)
(N =8,d=4) supergravity — Ezz : 133
(N =16,d = 3) supergravity —  Egg) : 248

!

(N =32,d =1) supergravity — Eyg/Eq;f

T[P. C. West, 2001; T. Damour, M. Henneaux and H. Nicolai, 2002]

Can the E;(7) be enhanced to a bigger symmetry?
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@ We use natural units and the metric signature (—, +, +, +).

@ Light-cone coordinates :

Derivatives : 8+ ,9,0

. . .0 ——
xT . light-conetime = i—— = P, : Hamiltonian
oxt

Why the light-cone gauge?

@ Deals with the physical degrees of freedom only.

@ On-shell scattering amplitude structures appear at the level of Lagrangian.



Light-cone superspace

@ Add Grassmann variables to the spacetime

(xT,x7,x,%x,0m,0,), mn=1,2,..,8
@ Light-cone SUSY generators (built out of 6™, 6)

Kinematical : q7', qin

{97, Gun} = V26" P

Dynamical : g™, Q-m
{quafn}:\/é(;mnPJr

Can be used to construct the Hamiltonian!

@ Chiral derivatives : 5
dam = 75 _ '\/§9m8+, En — (dn)*

m

[A.K.H. Bengtsson, |. Bengtsson and L. Brink, 1983]



N=8 supergravity in light-cone gauge

@ Light-cone superfield

1

mn, ~
o+ Xmnp — omPd Cimnpg

1 igm mn 1 mnp
) :ﬁh+:0 21,[;,,,4—/0 8—Amn—0
+ Emnpqrstu[ j omnear Xstu + jgmnears 5+ Alu + gmnparst 8+¢u + 4 gmnpqrstu 8+2E]

where

gm-m = Lgmi__gmn
n!
@ The action to order «
se-1 [ atxdPodta {56 — 20 (- 38690 + —— 60600
,—6—4/ X —¢8+4 K e pee:

0 =2(00 — 0+d")

[S. Ananth, L. Brink and P. Ramond, 2005]



E7(7) symmetry

@ Covariantly, E7(7y acts on scalars and vector fields only. It is a symmetry of the equations of

motion.
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133 63 R-symmetry 70 coset transformations
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E7(7) symmetry

@ Covariantly, E7(7y acts on scalars and vector fields only. It is a symmetry of the equations of

motion.
Ez7y
E. = SuU(8 X
7(7) (8) SU(8)
133 63 R-symmetry 70 coset transformations

[8sus) - Isue)] = dsus) » [5m, 0 E77) ] ¢ = dsu(s) ¢

SU®)  SU@)
@ In the light-cone formalism,
i _ 1 _
Ssue ¢ = —@wnm (qmqn - gémnq"qp> ¢
4 = 29’"”!"75 K _—mnpg 1 9.3d.d.d 1 g+
o ¢ = Ty Smopg + g = g | ImAnGpde o @ 076 4 ..

[L. Brink, S.S. Kim and P. Ramond, 2008]

— E7(7) acts on all the physical fields!

— ltis a symmetry of the action — as fundamental as SUSY
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Step1:Fromd=4tod=3

Drop the X coordinate :
(X+7 X77 X, )_() i (X+7 X77 X)

Field content: 128 scalars + 128 spin—% fermions —— same ¢ can be used

N = 8,d = 4 supergravity

Cos = B0 - 2n (5580000 4~ 60505 )
‘ drop the &
N = 16,d = 3 supergravity
Los = —Fd - K5z 8 9600+ —5 60509)

@ with a cubic vertex
@ without (manifest) Eg(gy symmetry
Version 1



N = 16,d = 3 supergravity : Version 2

(N =1,d = 11) supergravity

(N = 8,d =5) supergravity —  Egg)
(N =8,d =4) supergravity — Ey(q)

(N =16,d = 3) supergravity —  Egg

!

(N =32,d =1) supergravity — Eqq/Eqt

@ Field content : ¢ = 128 scalars + 128 spin-% fermions
@ SO(16) R-symmetry = Lagrangian has no cubic vertex (or odd-order vertices).

@ Manifest Eg(g) symmetry

[N.Marcus and J.H.Schwarz, 1983]



N = 16,d = 3 supergravity : Version 2

@ Eg) symmetry

Byg = SO(16) x Ll
S0(16)
248 120 R-symmetry 128 coset transformations
[6s0(16)» Sso(te) ] ¢ = Ssote) ¢ 5 Egg) » I Egpq) } ¢ = dso(1e) ¢

SO(16)  SO(16)

@ In the light-cone superspace,

a/q i K =
1 Ty = £ T¢ = :
S0(16) ¢= v ¢ Te= 5[ aule et
1
coset : J g %) ¢ = ;F + O(k)

— Eg(g) can be represented on the same supermultiplet as E7(7y symmetry!
— Eg(g) is a symmetry of the action.

[L. Brink, S.S. Kim and P. Ramond, 2008]



Step 2 : Version 1 +— Version 2

Version 2 :

SO(16) R-symmetry — Lagrangian has no cubic vertex.

- O
L = —¢W¢+M‘f‘o(”2)



Step 2 : Version 1 +— Version 2

Version 2 :

SO(16) R-symmetry — Lagrangian has no cubic vertex.
- O 5
L = —6 79 + O] + O(x?)

Field redefinition :
4 1 ’ 7
p—9¢ = ¢+ 3 k(079 8+¢)+ 3" oA <ﬁ¢ 8*¢)

Version 1 :

oo 8+4¢_2H(7¢ a¢a¢+—¢6¢8¢)+0('€)

This Lagrangian respects both the SO(16) and Eggy symmetry as in version 2.

[S. Ananth, L. Brink and S. Majumdar, arXiv:1711.09110]



N=8d=4 N=8d=4
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(manifest) Eg@gy v
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field redefinition cubic vertex X

Version 1 Version 2



Step 3 : Back to d = 4 with an Egg) symmetry

(xt,x,x) — (xt,x ,x,Xx) : Putbackd
@ N = 16,d = 3 supergravity ( Version 2 ) : Manifestly Eg(g) invariant

G-m¢p = a%mmﬁ + O(x?)
[L. Brink, S.S. Kim and P. Ramond, 2008]
[ Replace & — V (8,d)
e N = 8,d = 4 supergravity
Gomé = - + O()

Recall : {q™,q_,} = V246™, P, — Hamiltonian

A SO(16) and Egg) invariant theory of maximal supergravity in d = 4!

[S. Ananth, L. Brink and S. Majumdar, arXiv:1711.09110]



Take-home message(s)

There could be more symmetries lurking in the ' = 8 thoery.

In the light-cone formalism, the exceptional symmetries are as important as supersymmetry.
Which one is more fundamental?



Appendix

@ Kinematical supersymmetries

0 i _ 0 i -
m_ __——_ 4+ — 9mot; =
q 89m \/é A4

@ Dynamical supersymmetries

@ The chirality condition

@ The inside-out constraint

where (d)8 = d' d? ... ®

@ Corrections to dynamical SUSY

_ 1 _ _
Gné =k (00nd06 — 97 Qn0d" 99).



Eg(g) in terms of E7(7)

Ess)
E, = 1
3(8) S0(16) X S0(16)
248 120 R-symmetry 128 coset transformations

6™ and 0, form a 16 representation
SO(16) > SU(8) x U(1), 16 = 8 + 8.
The 120 SO(16) transformations are decomposed in terms of SU(8) x U(1)
120 = 63p + 28 1 + 28y + 19

630 = dsus)
Non-linearly realized coset Eg(g)/SO(16) in terms of SU(8) x U(1) representations

128 =15 + 28 + 705 + 28, + 1/,

700 = dg,

U(8)

(2]



Dynamical SUSY ind =3

128 Eg(g)/ SO(16) coset transformations
_ iq i .. g +C
55[8(8) ¢ = F+ mel2® Z ( it +ip(or2) @ F)
SO(T6)

{ (3)
0N/ ioi5ig

o2 (e”'a 8+(3’E)¢e’"'38+(3’c)¢>

where the sum is over the U(1) charges ¢ = 2,1,0 — 1, —2 of the bosonic fields, and

+ O(KZ)},
n=0

1 _ ) 1 - _ — _
F ? ,3 (y ) + Iemn ar ﬁmn (y ) - emnpq :anpq (y ) +
+i0 y 0° 8™ (v7) + 498+ BTy,
and . L .
Aigiy-ipoypy = iy dip -~ otz -
2 K2
5ng( o =

by A &)
2 4=, o+tl+9) | 9a 9b \ony

ehiz--ig 9
“@—20) (%)

15l

itip---Ip(c12)

(E(a*(”s)qs E‘1)
a=b=n=0
ot2e <E8+(470)¢E71 8+(4—c)¢>

.




