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This talk 1s about the consequences of U(1)-orientating a theory...

N = 8 (maximal)

. 4D supergravity
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R-symmetry : U(1) yes or no?

- Dimensional reduction of 10D SYM produces N=4 SYM [ Brink, Scherk & Schwarz 76 ]
i=1,..4 Lip = —3F?+i)\ DN + 5(Doij)?
_ 25 » —L W\ + c.c)
Liop = —sF*+ L XD TAVEEDIPY
i ; 1.2 . 2
49 (f szg Qbkl)
> Realjty condition on the 6 scalars : reduction = fermi masses + scalar potential
o5 = ¢ = 1V oy R-symmetry group is SU(4) and not U(4) !!

[ Cremmer & Julia ‘78, 79 ]
- Analogous results for N=8 gauged SUGRAs from M/Type II reductions with fluxes

. .. [fHHQ,,Fp,w,...]
> Reality condition on the 70 scalars :

Cb}k’JKL — CbUKL — ﬁ 6UKLMNPQchNPQ R-symmetry group 1s SU(8) and not U(8) !!

I=1,....8
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An extra U(1l) in N=8 gauged supergravity

Gauge fields : The theory contains 56 = 28 (electric) + 28 (magnetic) vectors spanning a

28-dimensional gauge symmetry group G C E-

[ Dall’ Agata, Inverso & Trigiante ‘12 ]

- Recently, an extra U(1) rotation outside the R-symmetry group SU(8) has been identified
and used to orientate (G inside the Sp(56) group of electromagnetic transf.

A
Sp(56) G gauge group
magnetic ' Covariant derivative :
vectors | » | |
W Dugb _ a’u¢ 4 (COSCU Algelectrlc) 4+ sinw A’&magnetlc)) ¢
>

Sp(56)
electric vectors

> Therefore :  w =0 (electric) , w =5 (magnetic) and 0<w <35 (dyonic)



GOALS :

1) Use the embedding-tensor formalism to compute the w-dependent scalar potential and

analyse its critical points
[ de Wit, Samtleben & Trigiante *07 ]
[ Dall’ Agata, Inverso & Trigiante ‘12 ]

[ Borghese, A.G , & Roest ‘13 ]

2) Compute fermion masses in order to... (the answer in 8 min)

[ Borghese, A.G , & Roest "12, ‘13 ]
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Gaugings, embedding tensor & scalar potential

Gauging procedure : Part of the global E7 symmetry group 1s promoted to a local
symmetry group G (gauging)

Embedding tensor : It is a “‘selector” specifying which become gauge
symmetries G and then will have an associated gauge field

AN = oM, 10w [AM AN) = XMNL AP with XMV, =M, [N,
(M =1,...,56]
la=1,...,133]

Scalar potential : Straightforward once the embbeding tensor O o(w) 1s known

1
V = o Xunp Xors (MY MYEMPS 4+ 7MY QNEQPT)

where M (¢) € 55(78) contains the 70 scalar fields of the theory



. . [ Dall’ Agata, Inverso & Trigiante ‘12 ]
Example 1 . GZ—lnvarlant S@Ctor Of G — SO(S) [ Borghese, A.G & Roest ‘12 ]

- Truncate most of the 70 scalars and look for critical points of V(¢) with large residual
symmetry groups Gy C G
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[ Dall’ Agata, Inverso & Trigiante ‘12 ]
[ Borghese, A.G & Roest ‘12 ]

Example 1 : Ge-mnvariant sector of G = SO(8)

- Truncate most of the 70 scalars and look for critical points of V(¢) with large residual
symmetry groups Gy C G

> Mass spectra insensitive to w

> %—periodicity with transmutation of SO(7)+

> Runaway of points at w = n %
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Example 2 : SO(4) invariant sectors of G = SO(8) [ Borghese, A.G & Roest *13 ]

- Three embeddings SO(4), s . related by Triality :
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Example 2 : SO(4) invariant sectors of G = SO(8) [ Borghese, A.G & Roest 13 |

- Three embeddings SO(4), s . related by Triality :

1) the vectorial embedding : 8y = (1,1) + (3,1) + (1,1) + (1,3)

critical point | residual sym Gy SUSY Stability
o SO(8) N = v
* SO(4), N =0 v

> NO w-dependence at all !!

[ Warner ’84 ]
[ Fischbacher, Pilch & Warner ’10 ]
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Runaway... but where to?

[imitation : If looking at the scalar potential, then the critical points are
prisoners of the theory (gauging)

Hope : “Sit on top” of a critical point and travel with it to see what happens...

Answer : It wants to migrate to a different theory (gauging) » the fermion
masses can be used to monitoring its story !!

[ Borghese, A.G & Roest "12, ’13 ]



Tracking solutions using fermion masses

Going to the origin : If a critical point is found at ¢ = ¢g with a residual symmetry Go ,

it can always be brought to ¢9 = 0 via an Er-transformation N
[ Dibitetto, A.G & Roest’11 ]

[ Dall’ Agata & Inverso "11 ]
[ Kodama & Nozawa ’12 ]

Applicability : After going to the origin, the quantities in the theory, e.g. fermi masses,

will adopt a form compatible with Go
[ Borghese, A.G & Roest "12, 13 ]

..................................................................................................................................................................

V2 i -, 1 7 L

: : JTKL TIK,LMN —

Leermi = —5~ 1 Azg ¥, 7™ v+ A Y xgke + A 7 XTIK XLMN
gravitino-gravitino gravitino-dilatino dilatino-dilatino

mass mass mass (dependent)
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Example 1 : Critical point preserving Go = G2 (4)

- Pattern of fermi masses :
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> Four parameters a1, as, 81, Ba € C



Example 1 : Critical point preserving Go = G2 (4)

- Pattern of fermi masses :

I=1 & m

i) gravitino-gravitino mass A'’(¢) = Al—q, , A™ =

ii) gravitino-dilatino mass A;”*"(¢9) = A, = B k™ | AP = B kP

> Four parameters a1, as, 81, Ba € C

Solving QC & EOM : One-parameter family of theories compatible with Gy = G5

041(‘9) ; 042(9) a 51(9) ; 52(9)



A boring excursion through theories (gaugings)

- The whole story of a solution preserving
Go = G9 can be tracked

V(6)
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A boring excursion through theories (gaugings)

- The whole story of a solution preserving o it 'i? o fo
Go = G9 can be tracked
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A boring excursion through theories (gaugings)

- The whole story of a solution preserving

(Go = G9 can be tracked
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A boring excursion through theories (gaugings)

- The whole story of a solution preserving
Go = G9 can be tracked

i) <0< 1E — G=S0(7,1)

| stable AdS4 solutions ]
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A boring excursion through theories (gaugings)

- The whole story of a solution preserving

Go = G9 can be tracked
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A boring excursion through theories (gaugings)

. . 3; 19
- The whole story of a solution preserving )0 50 00 i ,
Go = G2 can be tracked
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Example 2 : Critical point preserving Go = SO(4)s
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Example 2 : Critical point preserving Go = SO(4)s (%) s _

i *\:
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- Pattern of fermi masses : X :
| */:
-1 0L ) - g
10 05 00 05 10

[ I —i & ] 4

i) gravitino-gravitino mass A"/ (¢9) = AT =a 7 ., AT =q §Y
A,"jkl = (/'ik[ ] A,"MI = 0 6‘,“”"[ + 1 (5‘[-'1(5"'11

ii) gravitino-dilatino mass A;”*"(¢9) = . A o
A — g ekl A K 5 by gl gkl

[ L l

> Four parameters a, 3,7v,0 € C



Example 2 : Critical point preserving Go = SO(4)s (%) P _

- Pattern of fermi masses :

i) gravitino-gravitino mass A’ (¢o)

ii) gravitino-dilatino mass A;75%(¢y)

> Four parameters a, 3,7v,0 € C
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Solving QC & EOM : One-parameter family of theories compatible with Gy = SO(4);

a(8), 5(0),~(0), (0)



A funny excursion through theories (gaugings)
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- The whole story of a solution preserving 0 E
Go= SO(4) can be tracked Y
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A funny excursion through theories (gaugings)

- The whole story of a solution preserving 0 H
Go= SO(4)s can be tracked ‘
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A funny excursion through theories (gaugings)

- The whole story of a solution preserving 0 3
Go= SO(4)s can be tracked ‘
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A funny excursion through theories (gaugings)

- The whole story of a solution preserving 0
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Go= SO(4), can be tracked
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[ Mkw solution with flat directions] —.; :
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A funny excursion through theories (gaugings)

- The whole story of a solution preserving
Go= SO(4)s can be tracked

v) T<<T = G=50(4,4)

[ dS4 solutions with tachyon dilution]
[ Dall’ Agata & Inverso ’12]

V(6)

________




Final remarks

- Electromagnetic U(1) rotations pick up a physically relevant direction in the space of

the embedding tensor deformations and provide new vacua of N = 8 supergravity with
interesting properties : increase of critical points, partial N =2 — N =1 breaking,
stability without SUSY, ...

- Small residual symmetry groups like SU3) & SO(4) show w-dependent mass spectra.

ﬂ- . . .
restores A -periodicity. [ Borghese, Dibitetto, A.G , Roest & Varela *13 ]

s

- Critical points running away at w = n 7 in one theory, show up in another. The entire
story of a solution can be tracked by computing fermi masses 1 the GTTO approach

- Tachyon dilution around AdS/Mkw/dS transitions.

- All these solutions can be obtained as ZxxZ> Type 1IB orientifolds with non-geometric

fluxes (both electric and magnetic). Lifting to M-theory including vectors from Az and Ae ?

. . (?
And oxidation to DFT * [ de Wit & Nicolai 13 |

[ Blumenhagen, Gao, Herschmann & Shukla ‘13 ]



Thanks for your attention !!



