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? D = 9 + 1 spacetime dimensions (even 10+ 1: M-theory)

? Supersymmetry!!

? ...

1 / 10
N



Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4

• compactify extra dimensions

M9+1 = M3+1× X

;

• ”Low–energy” limit gives back Field TheoryField Theory

gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity
Gen. Relativity,

+ vectors
Gauge interactions,

+ scalars
higgs,, moduli/

+ fermionsfermions
,︸ ︷︷ ︸

SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

2 / 10
N



Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4

• compactify extra dimensions

M9+1 = M3+1× X ;

• ”Low–energy” limit gives back Field TheoryField Theory

gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity
Gen. Relativity,

+ vectors
Gauge interactions,

+ scalars
higgs,, moduli/

+ fermionsfermions
,︸ ︷︷ ︸

SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

2 / 10
N



Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4

• compactify extra dimensions

M9+1 = M3+1× X ;

• ”Low–energy” limit gives back Field TheoryField Theory

gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity
Gen. Relativity,

+ vectors
Gauge interactions,

+ scalars
higgs,, moduli/

+ fermionsfermions
,︸ ︷︷ ︸

SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

2 / 10
N



Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4

• compactify extra dimensions

M9+1 = M3+1× X ;

• ”Low–energy” limit gives back Field TheoryField Theory

gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity
Gen. Relativity,

+ vectors
Gauge interactions,

+ scalars
higgs,, moduli/

+ fermionsfermions
,︸ ︷︷ ︸

SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

2 / 10
N



Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4Strings D = 10 −→ Physics in D = 4

• compactify extra dimensions

M9+1 = M3+1× X ;

• ”Low–energy” limit gives back Field TheoryField Theory

gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity
Gen. Relativity,

+ vectors
Gauge interactions,

+ scalars
higgs,, moduli/

+ fermionsfermions
,︸ ︷︷ ︸

SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

2 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

Evacuum = Λcosmological

3 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

Evacuum = Λcosmological > 0

3 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

Evacuum = Λcosmological < 0

3 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

V (φscalar)@ stationary point = Λcosm.

parametrized by gauge interactions

AIM: study gauge theories and their vacua

in Maximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal Supergravity

4 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

V (φscalar)@ stationary point = Λcosm.

parametrized by gauge interactions

AIM: study gauge theories and their vacua

in Maximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal Supergravity

4 / 10
N



gravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravitygravity + vectors + scalars + fermionsfermions︸ ︷︷ ︸
SupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravitySupergravity

V (φscalar)@ stationary point = Λcosm.

parametrized by gauge interactions

AIM: study gauge theories and their vacua

in Maximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal SupergravityMaximal Supergravity

4 / 10
N



OverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverviewOverview

X Supergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & ΛcosmSupergravity & Λcosm

• Maximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4DMaximal Supergravity in 4D

• Gauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & ΛcosmGauge Interactions, Vacua & Λcosm



Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1Maximal Supergravity in D = 3 + 1

Maximal amount of SupersymmetrySupersymmetry (bosons
SUSY←→ fermions)

graviton
SUSY←→ gravitinos

SUSY←→ vectors
SUSY←→ fermions

SUSY←→ scalars

Bad for phenomenology

HoweverHowever:

X arises from String/M–theory compactifications

⇒ (toy model for) better grasp on Λcosm > 0

X Holography: tool to study other QFT’s

X renewed interest for finiteness??
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?????????????????????????????????????????????????? redundancy: V (φ,Θ) = V (0, Θ̃)

Θ

Θ

isometry

scalar field space

0

Study Θ and V (0,Θ) ;
{

several new vacua

different gauge theories!
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[Dall’Agata, G.I., 1112.3345]

new Ggauge Gresidual Λcosm m2scalars
(multipl .)

X SO(2, 6) SO(2) × SO(6)
CSO(2, 0, 6) SO(2)

Mink 2(2), 1/2(20), 0(48)

X SO(4)× SO(2, 2)n T 16 SO(2)2× SO(4)
Mink 4(4), 2(12), 1(16), 0(38)

X SO(2)2 n T 20 SO(2)2

SO(8)

X SO(7, 1) SO(7) AdS 2(1),−4/5(27),−2/5(35), 0(7)

X SO(7)n T 7

SO(8)

SO(6) AdS 2(2),−1(20),−1/4(20), 0(28)
X SO(7, 1)

X SO(7)n T 7

X SO(6)× SO(1, 1)n T 12

X SO(7, 1)

X SO(6)× SO(1, 1)n T 12
SO(5) AdS 2(3),−4/3(14), 2/3(5), 0(48)

X SO(3, 5) SO(3) × SO(5) dS −2(1), 4(5), 2(30), 4/3(14),−2/3(5), 0(15)

ggauge = 1; when Λ 6= 0, m2/|Λ|

9 / 10
N



[Dall’Agata, G.I., 1112.3345]

new Ggauge Gresidual Λcosm m2scalars
(multipl .)

X SO(2, 6) SO(2) × SO(6)
CSO(2, 0, 6) SO(2)

Mink 2(2), 1/2(20), 0(48)

X SO(4)× SO(2, 2)n T 16 SO(2)2× SO(4)
Mink 4(4), 2(12), 1(16), 0(38)

X SO(2)2 n T 20 SO(2)2

SO(8)

X SO(7, 1) SO(7) AdS 2(1),−4/5(27),−2/5(35), 0(7)

X SO(7)n T 7

SO(8)

SO(6) AdS 2(2),−1(20),−1/4(20), 0(28)
X SO(7, 1)

X SO(7)n T 7

X SO(6)× SO(1, 1)n T 12

X SO(7, 1)

X SO(6)× SO(1, 1)n T 12
SO(5) AdS 2(3),−4/3(14), 2/3(5), 0(48)

X SO(3, 5) SO(3) × SO(5) dS −2(1), 4(5), 2(30), 4/3(14),−2/3(5), 0(15)

ggauge = 1; when Λ 6= 0, m2/|Λ|

9 / 10
N



[Dall’Agata, G.I., 1112.3345]

new Ggauge Gresidual Λcosm m2scalars
(multipl .)

X SO(2, 6) SO(2) × SO(6)
CSO(2, 0, 6) SO(2)

Mink 2(2), 1/2(20), 0(48)

X SO(4)× SO(2, 2)n T 16 SO(2)2× SO(4)
Mink 4(4), 2(12), 1(16), 0(38)

X SO(2)2 n T 20 SO(2)2

SO(8)

X SO(7, 1) SO(7) AdS 2(1),−4/5(27),−2/5(35), 0(7)

X SO(7)n T 7

SO(8)

SO(6) AdS 2(2),−1(20),−1/4(20), 0(28)
X SO(7, 1)

X SO(7)n T 7

X SO(6)× SO(1, 1)n T 12

X SO(7, 1)

X SO(6)× SO(1, 1)n T 12
SO(5) AdS 2(3),−4/3(14), 2/3(5), 0(48)

X SO(3, 5) SO(3) × SO(5) dS −2(1), 4(5), 2(30), 4/3(14),−2/3(5), 0(15)

ggauge = 1; when Λ 6= 0, m2/|Λ|

9 / 10
N



[Dall’Agata, G.I., 1112.3345]

new Ggauge Gresidual Λcosm m2scalars
(multipl .)

X SO(2, 6) SO(2) × SO(6)
CSO(2, 0, 6) SO(2)

Mink 2(2), 1/2(20), 0(48)

X SO(4)× SO(2, 2)n T 16 SO(2)2× SO(4)
Mink 4(4), 2(12), 1(16), 0(38)

X SO(2)2 n T 20 SO(2)2

SO(8)

X SO(7, 1) SO(7) AdS 2(1),−4/5(27),−2/5(35), 0(7)

X SO(7)n T 7

SO(8)

SO(6) AdS 2(2),−1(20),−1/4(20), 0(28)
X SO(7, 1)

X SO(7)n T 7

X SO(6)× SO(1, 1)n T 12

X SO(7, 1)

X SO(6)× SO(1, 1)n T 12
SO(5) AdS 2(3),−4/3(14), 2/3(5), 0(48)

X SO(3, 5) SO(3) × SO(5) dS −2(1), 4(5), 2(30), 4/3(14),−2/3(5), 0(15)

ggauge = 1; when Λ 6= 0, m2/|Λ|

9 / 10
N



ConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusionsConclusions

X Effective method to find new vacua in Supergravity

X New vacua & new Gauge Theories

X Interesting links between distinct vacua/gaugings
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• Exhaustive classification?

• Link Ggauge ⇐⇒ Λcosm ?

• Explain & study relations among vacua

• Dictionary for reduction schemes [Catino, Dall’Agata, G.I., Zwirner, to appear]

• . . . Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!Thank You!
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M-theory compactified on T 7 −→ D = 4 Maximal Sugra

Classical theory enjoys a large duality groupduality group: E7(7)(R)

e7(7) 3 tαM
N ≡

(
ΛAB

CD ΣABCD
?ΣABCD Λ′ABCD

)

Λ ∈ sl(8,R) generate global symmetries of Sungauged
(this is a choice of symplectic frame)

56 = 28+ 28(dual) vector fields:

δAMµ = ANµ (εαtα)N
M

Scalar fields φ parametrize E7(7)/SU(8)

12 / 18
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E7(7)/SU(8) can be represented by coset generators:

tReφ =

(
Λsym

−Λsym

)
, tImφ =

(
Σ+

?Σ+

)

↪→ representatives L(φ)M
N

This is a real basis. Complex SU(8) covariant basis?

Cayley matrix + ”triality”:

SM
N ≡ 1

4
√
2

(
Γij
AB ΓijAB

−iΓ ijAB iΓ ij AB

)
−→tφ =

(
φ

φ̄

)
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In every Field Theory:

• tα ≡ global symm. generators G

• Vector bosons AM
µ , M = 1, . . . , nv

Gauge interactions ←→ sungroup Ggauge ⊂ G , local

connection: Dµ = ∂µ − gAr
µ tr

AM
µ

mM
r nαr

tα
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ΘM
α ∈ 912 of E7(7)

ΘM =

(
ΘΛ

ΘΛ

)
−→ ΘΛ couples to e.m. dual vectors AµΛ !

⇒ Locality: ΘΛ
[αΘΛβ] = 0

CSO(p, q, r ) : Θ =

(
θ8×8

0

)
(very schematic...)

2θ2 − θTr θ = 8Λcosm

here: SO(p, q), SO(p, q)× SO(p′, q′)× T r : Θ =

(
θ8×8
ξ8×8

)
Λcosm ∼ 2Tr(θ2 + ξ2)− θTr θ− ξTr ξ θ ξ ∝ 1
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α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRAΘM
α in Maximal D = 4 SUGRA

ΘM
α ∈ 912 of E7(7)

ΘM =

(
ΘΛ

ΘΛ

)
−→ ΘΛ couples to e.m. dual vectors AµΛ !

⇒ Locality: ΘΛ
[αΘΛβ] = 0

CSO(p, q, r ) : Θ =

(
θ8×8

0

)
(very schematic...)

here: SO(p, q), SO(p, q)× SO(p′, q′)× T r : Θ =

(
θ8×8
ξ8×8

)
Λcosm ∼ 2Tr(θ2 + ξ2)− θTr θ− ξTr ξ θ ξ ∝ 1
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Duality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frameDuality vs Symplectic frame

There are two embeddings to specify

in a N = 8 Sugra model:

embedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensorembedding tensor – symplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic framesymplectic frame

Ggauge ⊂ E7(7) ⊂ Sp(56,R)

ΘM
α EMN

symmetry duality ????

NB: different action on fields!!
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[De Wit, Samtleben, Trigiante]

embedding tensor:

XM = ΘM
α tα δL(φ) = XML(φ)∈

e7(7)

∈

ggauge ⊂

symplectic frame: E ∈ GL(28)\Sp(56,R)/E7(7)

tα → t ′α = E tα E−1∈

e7(7)
∈

e′7(7)6= ⊂ sp(56,R)

ΘM
α → EMNΘN

α
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