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EGG and EFT

Eq(q) x R GENERALISED GEOMETRY (EGG)

@ Ejq) x R Generalised Geometry = Reformulation of 11D SUGRA where ...

o Geometric Interpretation of the Bosonic Sector
gmn, Amne; A, . N, encoded in the “Generalised metric”
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@ Ejq) x R Generalised Geometry = Reformulation of 11D SUGRA where ...

o Geometric Interpretation of the Bosonic Sector
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Eq(q) x R GENERALISED GEOMETRY (EGG)

@ Ejq) x R Generalised Geometry = Reformulation of 11D SUGRA where ...

o Geometric Interpretation of the Bosonic Sector
gmn, Amne; A, . N, encoded in the “Generalised metric”

o Generalised Tangent Bundle (Ey4) x R structure)
E=v+w+o+7 €TMOENTMONT M (T*Me N T*M)

o Generalised Lie Derivative
LeE' =L,V + (LW —iydw) + (Lyo' — iy do — w' A dw)
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Eq(q) x R GENERALISED GEOMETRY (EGG)

@ Ejq) x R Generalised Geometry = Reformulation of 11D SUGRA where ...

o Geometric Interpretation of the Bosonic Sector
gmn, Amne; A, . N, encoded in the “Generalised metric”

o Generalised Tangent Bundle (Ey4) x R structure)
E=v+w+o+7 €TMOENTMONT M (T*Me N T*M)

o Generalised Lie Derivative
LeE' =L,V + (LW —iydw) + (Lyo' — iy do — w' A dw)

+(L,7" —jo' Adw — jw' A do)

Nice (unified) mathematical structure
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EGG and EFT

EXCEPTIONAL FIELD THEORY

@ 7 — 56 + “section condition”
Oms — Om, Omn — 0
55 VM = fpa]p VM — 12P(adj)MNP@6‘p§Q \/N =+ %&P{P VM R
These transformations define the generalised fluxes, FisC, via
0e, Es = Fas“Ec .

Fas® = Xas® + Da®, (912 + 56)
the structure constants Xapc automatically satisfy the 4D maximal supergravity
relations of the embedding tensor

Piag)8"e Xap® = Xas® , Xape = Xas® = Xuec) = Xea” =0,
section conditions,
Q"NoA B =0, [ta]™omwA B =0, [ta]" OudnA=0,
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N=8 Supergravity in 4D

Field content: C E;/SU(8)

N=8 (Abelian) Sugra (up to second order in K)  de Wit, Freedman 77’
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N=8 Supergravity in 4D
Field content: C E;/SU(8)
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Full (Abelian) N=8  torus compactification
GL(7~ R)globa/ X 5.0(7)local — E7(7)g/obal X SU(8)/oca/

Cremmer,Julia 78’

Flat groups  twisted tori Scherk, Schwarz 79’
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EGG and EFT

N=8 Supergravity in 4D
TR
Field content: ¢, U = <U” V”~“> C E/SU(8) A

Vi uyy

a A
p Yu XABC

N=8 (Abelian) Sugra (up to second order in K)  de Wit, Freedman 77’

Full (Abelian) N=8  torus compactification
GL(77 R)globa/ X 50(7)loca/ — E7(7)globa/ X SU(8)loca/

Non Abelian case

Cremmer,Julia 78’

Flat groups twisted tori Scherk, Schwarz 79’
SO(8) gauged Maximal supergravity de Wit, Nicolai 81’
SO(p,q) and CSO(p,q,r) gauged Maximal supergravity Hull 84’
New Gauged supergravities Dall’ Agata, Inverso, Trigiante 12’

Xun' = O™ (ta)N]P

_ M fe
DM = (9M = Au On ta
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EGG and EFT

N=8 Supergravity in 4D
uild v
Field content: ¢, U = <“” V”~“> C E/SU(8) A

Vi uyy

a A
p Yu XABC

N=8 (Abelian) Sugra (up to second order in K)  de Wit, Freedman 77’

Full (Abelian) N=8  torus compactification
GL(77 R)globa/ X 50(7)loca/ — E7(7)globa/ X SU(8)loca/

Non Abelian case

Cremmer,Julia 78’

Flat groups twisted tori Scherk, Schwarz 79’
SO(8) gauged Maximal supergravity de Wit, Nicolai 81’
SO(p,q) and CSO(p,q,r) gauged Maximal supergravity Hull 84’
New Gauged supergravities Dall’ Agata, Inverso, Trigiante 12’
Linear constraints

o 1
X" = Om® (ta)y” ta ON* =0, (tst*)u"'On" = —5Ou°
D, =0, — Aﬁﬂ@Mata Quadratic constraint Oy® OnP OMN — o
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Embedding of SUGRAs in EGG and EFT

GENERALISED SCHERK-SCHWARZ REDUCTIONS

(3 Bazieg)- (258) 22 () o)

EMBEDDING TENSOR OF SO(p, q) GAUGED MAXIMAL SUPERGRAVITY

Le,;Eco = R™ (nce Eap — nos Eac — nca Esp + noa Esc),
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Embedding of SUGRAs in EGG and EFT

GENERALISED SCHERK-SCHWARZ REDUCTIONS

(f/ABMN(X,y) \7ABMN(X,Y)) _ <UabCD(X) VabCD(X)> <ECDMN(y) ECDMN(.V))

ﬁABMN(X,y) ﬁABMN(X,y) vab CD(X) UabCD(X) ECDMN(y) ECDMN(}/)

EMBEDDING TENSOR OF SO(p, q) GAUGED MAXIMAL SUPERGRAVITY

Le,;Eco = R™ (nce Eap — nos Eac — nca Esp + noa Esc),
LEAB ECD — R71 (,,,]AE 6g EED — nBE 62 EED + 77AE6E ECE _ nBE(;E ECE) ,
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GENERALISED SCHERK-SCHWARZ REDUCTIONS

(f/ABMN(X,y) \7ABMN(X,Y)) _ <UabCD(X) VabCD(X)> <ECDMN(y) ECDMN(.V))

ﬁABMN(X,y) ﬁABMN(X,y) vab CD(X) UabCD(X) ECDMN(y) ECDMN(}/)

EMBEDDING TENSOR OF SO(p, q) GAUGED MAXIMAL SUPERGRAVITY

Le,;Eco = R™ (nce Eap — nos Eac — nca Esp + noa Esc),
LEAB ECD — R71 (,,,]AE 6g EED — nBE 62 EED + 77AE6E ECE _ nBE(;E ECE) ,

LeasEcp =0 LeasEP = 0.

String Pheno 2015- Madrid

‘Walter H. Baron M-theory origin of N=8 SUGRA / 14



GENERALISED SCHERK-SCHWARZ REDUCTIONS

(IN/ABMN(X,y) f/ABMN(X,,V)) _ <UabCD(X) VabCD(X)> <ECDMN(y) ECDMN(.V))

ﬁABMN(X,y) ﬁABMN(X,y) vab CD(X) UabCD(X) ECDMN(y) ECDMN(}/)

EMBEDDING TENSOR OF SO(p, q) GAUGED MAXIMAL SUPERGRAVITY

Le,;Eco = R™ (nce Eap — nos Eac — nca Esp + noa Esc),
LEAB ECD — R71 (,,,]AE 6g EED — nBE 62 EED + 77AE5E ECE _ nBE(;E ECE) ,

LeasEcp =0 LeasEP = 0.

Le, Ep = Xan®Ec Xas® = SO(p, q) Embedding tensor
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GENERALISED SCHERK-SCHWARZ REDUCTIONS
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LeasEcp =0 LeasEP = 0.

Le, Ep = Xan®Ec Xas® = SO(p, q) Embedding tensor

@ S are generalised parallelisable Waldram, Lee, Strickland-Constable 14’
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GENERALISED SCHERK-SCHWARZ REDUCTIONS

(f/ABMN(X,y) f/ABMN(X,,V)) _ <UabCD(X) VabCD(X)> <ECDMN(y) ECDMN(.V))

ﬁABMN(X,y) ﬁABMN(X,y) vab CD(X) UabCD(X) ECDMN(y) ECDMN(_V)

EMBEDDING TENSOR OF SO(p, q) GAUGED MAXIMAL SUPERGRAVITY

Le,;Eco = R™ (nce Eap — nos Eac — nca Esp + noa Esc),
LEAB ECD — R71 (,',]AE 6g EED — nBE 62 EED + 77AE5E ECE _ nBE(;E ECE) ,

LeasEcp =0 LeasEP = 0.

Le, Ep = Xan®Ec Xas® = SO(p, q) Embedding tensor

@ S” are generalised parallelisable Waldram, Lee, Strickland-Constable 14

@ Are Hyperboloids Generalised parallelisable?
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Embedding of SUGRAs in EGG and EFT

Generalized Vielbein for compact gaugings
@ solved in EGG by Waldram, Lee, Strickland-Constable 14’
@ solved in EFT by WB 14’

Generalized Vielbein for noncompact gaugings
@ solved in EGG by WB, Dall'Agata 14’

@ solved in EFT by Hohm, Samtleben 14’
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Embedding of SUGRAs in EGG and EFT

Exg = Kag + SaB + iky5¢

Ep =
EAB — PAB + TAB 7‘/(/\ ’)AB7
with
P8 = dX* AdXE,
R71
SAB = *Pap = WEABQ...C‘,,IXCI dXCz ARRA dXCdil
e e (xAde - XBdXA) ® Voly,
R71
Voly = —- €61 Cn XFAX P A - A dX e,
d¢ = d—1 Voly
Hyperboloids Generalised parallelizable !
T = 0= Xx"=x=0,
P = 0= (XY + (X8’ =R> AB=1,...,4,
PY¥ = 0= (X)) -(XP¥?=R* A=1,. 4 B=5,...,8,

AB
P # 0 for A,B=5,...,8.
String Pheno 2015- Madrid
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Embedding of SUGRAs in EGG and EFT

Non linear uplift ansatze (WB, Dall'Agata 14")

Alg™ = %KmABKnCD (uabAB - I-VabAB) (uabCD Lyt CD)
v
V2

Amnp = T A gog Kmn™PKIcp (™ ag + i vabag) (uapC + i Vabag)

K™ ag: Killing vectors

KmnAB R— lnAC BD gman
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Non linear uplift ansatze (WB, Dall'Agata 14")

Alg™ = %KmABKnCD (uabAB - I-VabAB) (uabCD Lyt CD)
v
V2

Amnp = T A gog Kmn™PKIcp (™ ag + i vabag) (uapC + i Vabag)

K™ ag: Killing vectors
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Tests:
e In SO(8) = 50(8), SO(7), G2, SU(4), SO(3) x SO(3)
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Embedding of SUGRAs in EGG and EFT

Non linear uplift ansatze (WB, Dall'Agata 14")

Alg™ = %KmABKnCD (uabAB - I-VabAB) (uabCD Lyt CD)
v
V2

Amnp = T A gog Kmn™PKIcp (™ ag + i vabag) (uapC + i Vabag)

K™ ag: Killing vectors

KmnAB R— 1,'7AC BD gman

Tests:
e In SO(8) = 50(8), SO(7), G2, SU(4), SO(3) x SO(3)
@ In SO(5,3) = 50(5) x SO(3)
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Embedding of SUGRAs in EGG and EFT

Non linear uplift ansatze (WB, Dall'Agata 14")

Alg™ = %KmABKnCD (uabAB - I-VabAB) (uabCD Lyt CD)
v
V2

Amnp = T A gog Kmn™PKIcp (™ ag + i vabag) (uapC + i Vabag)

K™ ag: Killing vectors

KmnAB R— 1,'7AC BD gman

Tests:
e In SO(8) = 50(8), SO(7), G2, SU(4), SO(3) x SO(3)
@ In SO(5,3) = 50(5) x SO(3)
e In SO(4,4) = 50(4) x SO(4),50(3) x SO(3)
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Uplifting the SO(3) x SO(3) critical point

The SO(3) x SO(3) invariant critical points of SO(4, 4) e
gauged supergravity (Dall’Agata, Inverso 12') can be
obtained by truncating the scalar manifold to a 2d sector.

This critical point has the following uplift solution in 11D
SUGRA (WB, Dall'Agata 14"). y' = {1, 61, ¢1}

—1p2 3 o
asf =2 > hindy'dy + RE(y) (d63 + sin®(62) d63) + R3 () (d3 + sin’ (¢2) d¢>§)} :

Aly) |52
4 5 ]
_ A 4 5 (2) 6 7 e = R1 d@g, e = R1 sSin 02 d03,
A=A"Ne ' ANe+A Ne Ne', SO Ry débo, eY:stin¢2d¢>3,
AD = g [sinh?(w) + (14 %) cosh? ()] sin(61) cos(é1) dv

— Agsinh(%) cosh(e) cos(61) cos(¢b1) d61 + Ao (1+ %) sinh(w) cosh(%) sin(61) sin(¢1) deby
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Uplifting the SO(3) x SO(3) critical point

The SO(3) x SO(3) invariant critical points of SO(4, 4) K
gauged supergravity (Dall’Agata, Inverso 12') can be
obtained by truncating the scalar manifold to a 2d sector.

This critical point has the following uplift solution in 11D
SUGRA (WB, Dall'Agata 14"). y' = {1, 61, ¢1}

a-1r2 [ 3 o
dsy = A(; > hindy'dy + RE(y) (d63 + sin®(62) d63) + R3 () (d3 + sin’ (¢2) d¢>§)} ,
ij=1
4 5 q
A 4 5 2) 6 7 e = R1 d@g, e = R1 sin 92 d03,
A=A"Ne ' ANe+A Ne Ne', S — R> ddo, e7:R25in¢>2d¢>3,
AN = [sinhZ(zp) 4 (1 T %) coshz(w)} sin(61) cos(1) do

— Agsinh(%) cosh(e) cos(61) cos(¢b1) d61 + Ao (1+ %) sinh(1) cosh(%) sin(61) sin(é1) dob1

The 4D metric g describes de Sitter spacetime and therefore I?,W =3R; 28, with Ry
the de Sitter radius. The 4-form F..p0 = frr €uvpo, Where

3g 2 _
R? = R f, V.R
4 2Vc ’ FR — g f

where g is the coupling constant of the 4-dimensional gauged supergravity theory and

V. is the value of the potential at the critical point. String Pheno 2015- Madrid :
Walter H. Baron M-theory origin of N=8 SUGRA / 14



BTN TR TR \{ }cory origin of N=8 SUGRA

Uplifting the SO(3) x SO(3) critical point

3 4(2v/3 — 3)sin? 6,

Rio= 3(V3 — 1) + 65in2 01 + tanh2 [3v/3(v/3 — 1) — (6 — 4v/3)sin2 ¢1]
R = 4(2v/3 — 3)sin? ¢

3(v/3 — 1) + 65sin2(¢h1) + coth? [3v/3(v/3 — 1) — (6 — 4v/3)sin2 6]
and the overall warp factors are

1 sin? 01 sin? 1

A% = ol deth cosh® P sinh® P

Rt R}
_1
h=(detM)” 2 M
where
AB— S5 53 —(®3B+ 532 93) S, —(®2 A+ 522 03) S
M=| (03815205 [2Z3) _ 4,058 — 53 03 323 g, s i
3(2 3 3(2 3
(@ A+ 52 03) S5 X243 g, 5 [3E5) _ 4,050 4 — 52 2
and
S, = 1 tanhy sin(20y), S3 = 3 cothy sin(2¢1),
®, = %—sin2g, v, = 3 —cos?oy,
®3 = 3§ —sin’gr, V3 = 3 -4y,
A = L2y [3(2+4\/§) _ w2¢3} , B = 38 oy [Lﬁﬁ) - w3¢2] .

String Pheno 2015- Madrid
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CONCLUSIONS AND PERSPECTIVES
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CONCLUSIONS AND PERSPECTIVES

@ We provided a new ansatz for the full uplift of the vacua of maximal gauged
supergravity with non-compact gauge groups SO(p, q) and tested it against
the 11- dimensional equations of motion for all the known de Sitter vacua of
these models.
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supergravity with non-compact gauge groups SO(p, q) and tested it against
the 11- dimensional equations of motion for all the known de Sitter vacua of
these models.

@ An alternative way of deriving the Uplift ansatze follows from a ground-up
approach by using the SU(8) reformulation of 11D SUGRA and SUSY as a
organising principle.

@ While the construction of the generalised vielbein involves the use of Killing
tensors for the space with (p,q) signature, this procedure correctly
reproduces euclidean geometries, because the scalar-dependent matrix
Mp(x) is positive definite.
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CONCLUSIONS AND PERSPECTIVES

@ We provided a new ansatz for the full uplift of the vacua of maximal gauged
supergravity with non-compact gauge groups SO(p, q) and tested it against
the 11- dimensional equations of motion for all the known de Sitter vacua of
these models.

@ An alternative way of deriving the Uplift ansatze follows from a ground-up
approach by using the SU(8) reformulation of 11D SUGRA and SUSY as a
organising principle.

@ While the construction of the generalised vielbein involves the use of Killing
tensors for the space with (p,q) signature, this procedure correctly
reproduces euclidean geometries, because the scalar-dependent matrix
Mg(x) is positive definite.

@ The fact that the final metric depends on the contraction of the generalised
vielbeins with a positive definite matrix M, implies that at any vacuum the

SO(p, g) gauge group is broken to a subgroup of its maximal compact
subgroup SO(p) x SO(q).
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CONCLUSIONS AND PERSPECTIVES

@ An independent derivation of the CSO(p,q,r) gaugings was proposed by
Hohm and Samtleben in the Exceptional Field Theory framework (EFT).
Even though the geometrical interpretation of these solutions is not
completely clear, these should reduced to ours for r = 0 because they
imposed the section conditions.
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CONCLUSIONS AND PERSPECTIVES

@ An independent derivation of the CSO(p,q,r) gaugings was proposed by
Hohm and Samtleben in the Exceptional Field Theory framework (EFT).
Even though the geometrical interpretation of these solutions is not
completely clear, these should reduced to ours for r = 0 because they
imposed the section conditions.

@ The same approach was successfully applied by Hohm and Samtleben to get
the uplift formulas of IIB supergravity with compact and non compact gauge
group.

@ After 35 years of work in this longstanding problem we feel confident that
today all electric maximal gauged supergravities can be uplifted to 11D
Supergravity.
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completely clear, these should reduced to ours for r = 0 because they
imposed the section conditions.

@ The same approach was successfully applied by Hohm and Samtleben to get
the uplift formulas of IIB supergravity with compact and non compact gauge
group.

@ After 35 years of work in this longstanding problem we feel confident that
today all electric maximal gauged supergravities can be uplifted to 11D
Supergravity.

@ A very interesting problem is to understand if the dyonic gauged
supergravities recently proposed by Dall’'Agata, Inverso and Trigiante can be
uplifted to 11 D Supergravity or some deformation. By simple analysis of the
generalised Lie derivatives of the generalised vielbeins one observes that
dyonic gaugings need the inclusion of form fluxes in the background. We
expect to explore this situation in the future.
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Conclusions and perspectives

Thank you for your attention!
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