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... one-minute summary




- [ Dall’ Agata & Prezas 05 ]
Twisted torus Xy =T7/(Z> x Z> x Z>3) [ Derendinger & A.G 14 ]

e Factorisation :

 Twist specified by a metric flux

1
dn™* + > G =0

e Background gauge fluxes

1234567

1 1
5 Gy =—a1n°®° + ... 1 Gy =aon

e (Gr-structure : 7 moduli fields

Ii .
5(14(3) o Z(I)(g)) — Ul 7,]127 T U2 n347 L U3 7,]567 e 577135 — Tl 7714:6 — T2 77362 — T3 77524:




- [ Dall’ Agata & Prezas 05 ]
Twisted torus Xy =T7/(Z> x Z> x Z>3) [ Derendinger & A.G 14 ]

e Cyclic plane-exchange-symmetry

[ Derendinger, Kounnas, Petropoulos & Zwirner 04 |

e M-theory flux-induced superpotential as an STU-model
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» Couplings: G@)y=cte , G@=linear and  metric = quadratic




[ Dall’ Agata & Prezas 05 ]

M-theory vs Type lIA interpretation [ Derendinger & A.G 14 ]

e M-theory ==p Type IIA orientifold upon reduction along 777

M-theory origin | Type ITA origin | Flux/coupling
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» Index splitting A — (a=135)+(i=24,6)+7
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7d twist in M-theory == non-geom in IIA

[ Shelton, Taylor & Wecht "05 ]
[ Aldazabal, Camara, Font & Ibafiez 06 ]
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Question :

What are the consequences of turning on the two genuine M-theory
metric fluxes (c3’, do) being non-geometric in type ITA ?
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» Recall :




Twisted tori as Scherk-Schwarz (SS) reductions Sle s el

e An ordinary SS reduction of M-theory (32 supercharges) requires

[ Dall’Agata & Prezas ’05 ]

guaranteed by the Z; x Z> x Z> symmetries !!

e In terms of the flux parameters

D ko / N
P =ai Welp. = 0 —ascs+c1(cp—¢)=0

(A W[aiD wk]DC =0 —do Ao + (Cl = 61) bl =0

311 w[ibD (,uc]D7 =0 as(2¢1—¢1) =0

NO moduli stabilisation if

v w[7aD wb]Dk =0 (2¢1 —¢1)c5 =0

[ Derendinger & A.G ’14 |

U1 w[7aD wj]DC =0 b1C§, + (01 = 51) do =0

V1 w[n-D wj]Dk — ) bicy+2c1dy =0

)
)
)
) wi;o wrp' =0 3b1ay =0 all of them are imposed !!
)
)
)

P Index splitting A — (a=1,35)+(i=24,6)+7




Beyond twisted tori by including sources

e Could some of the previous SS conditions be relaxed ? [ Villadoro & Zwirner *07 |

w[..D W] e # 0 = Non-vanishing KK6 (KKOG6) charge

e The inclusion of KK6 sources will break some of the 32 supercharges

Type ' | KK6 — type IIA
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vi) KK6, (KKOG))
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Beyond twisted tori by including sources

e Could some of the previous SS conditions be relaxed ? [ Villadoro & Zwirner *07 |

w[..D W] e # 0 = Non-vanishing KK6 (KKOG6) charge

e The inclusion of KK6 sources will break some of the 32 supercharges

Type ' | KK6 — type IIA

i) KK5 (KKO5)
i) KK5 (KKO5)

D6, (06,)
i) D6 (O6)

v) KK6, (KKO6,)
vi) KK6, (KKO6,) = KK6 == Exotic in IIA

Vi) KK6) (KKO6)) [ absent if (c3, do) =0 ]

e . [ Derendinger & A.G ’14 ]
P Index splitting A — (a=1,35)+(i=24,6)+7




[ Derendinger & A.G ’14 |

An EFT to describe M-theory /strings backgrounds

e The embedding tensor formalism (ET) provides an EFT to describe 4d effective

actions irrespective of their higher-dimensional origin
[ Nicolai, Samtleben, de Wit, Trigiante, ... ]

e Fluxes in M-theory/strings = Parameters in the EFT

faMNP = SL(Q) X SO(G, 6) [ Schon & Weidner 06 ]

e Backgrounds preserving 16 (N =4) or 32 (N =8) supercharges

N=4

[ Schon & Weidner *06 |

JaR[MN fBPQ]R:O Conditions i) , #4) and wv)
B f VNE fﬁpQR =0 Conditions i) and wvi)

= famnP fBQRS]ISD =0 Conditions w) and wvi7)

N =8 (extra)

[ Dibitetto, A.G & Roest "11 ]

faMNP ngNP =0 No additional conditions




[ Derendinger & A.G ’14 |

An EFT to describe M-theory /strings backgrounds

e The embedding tensor formalism (ET) provides an EFT to describe 4d effective

actions irrespective of their higher-dimensional origin
[ Nicolai, Samtleben, de Wit, Trigiante, ... ]
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e Backgrounds preserving 16 (N =4) or 32 (N =8) supercharges

N=4

[ Schon & Weidner *06 |

{ JaR[MN fﬁpQ]R:O —  Conditions ) , 47) and v)

B f VNE fﬁpQR =0 —  Conditions ) and i)

_can be relaxed !!

20 Ja[MNP fBQRS]’SD =0 — (_Conditions iv) and @

MNP_O

N =8 (extra)

[ Dibitetto, A.G & Roest "11 ]

Jfamnp f3 —  No additional conditions




Backgrounds preserving 16 supercharges [ Derendinger & A.G *14

e SS conditions iv) and wvii) can be relaxed if demanding only 16 supercharges
V) wiiPwp” £ 0 = 3brag #0

U’L’L) CU[7,L'D wj]Dk 7é 0 — blcg =2 C1 do # 0
» KK6 — D6 in ITA (lv) & KK6 — Exoticin ITIA (vii) can be included

e KK6 sources induce new terms in the scalar potential

» Situation 1: Only KK6 — D6 in ITA == No moduli stabilisation

» Situation 2 : Only KK6 — exoticinlIA == Full moduli stabilisation

» Situation 3 : Both types of KK6 sources  ==p Full moduli stabilisation

* KKO6 sources crucial to stabilise moduli in backgrounds with 16 supercharges

» Unique gauging : G = SO(3) x Nilg




Taxonomy of M-theory flux vacua [ Derendinger & A.G '14
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Taxonomy of M-theory flux vacua [ Derendinger & A.G '14
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Taxonomy of M-theory flux vacua [ Derendinger & A.G '14
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Final remarks

e Moduli stabilisation can be achieved upon twisted reductions of massless M-theory
if KK6 (KKO6) sources are included.

e Using the ET formalism (4d) as a guiding principle, the minimal setup corresponds
to N = 4 backgrounds (16 supercharges) violating some of the SS conditions

w[..D W] D¢ # 0 = Non-vanishing KK6 (KKO6) charge

» New situation compared to IIA orientifolds ( 7d vs 6d isometries within SO(6,6) )

e M-theory interpretation of non-geometric fluxes in a type IIA incarnation of the
effective STU-models == KK6 (KKO6) corresponding to exotic IIA sources

In progress [with Uppsala group] :
» understand the 7d/6d interplay at the level of SU(3)-structures

» 11d/10d lifting of 1/2-BPS backgrounds corresponding to KK6/exotic IIA sources




Thanks !!




Extra material...




M-theory on G>-manifolds (X7) with fluxes

e 7d manifolds with Gy-structure possess an invariant 3-form

D3y = 27 4 347 4 567 4 135 146 362 524

e Co-calibrated G»o-structure [ Friedrich *02 ]
[ Bryant 03 ]

ddi@y = Wy *7 D3y + 2 War
d *7 (I)(3) 0

» Enhancements to weak Go>-holonomy (/V[727 = 0) or Go-holonomy (Ww — W, =0)

e N =1 supergravity in terms of a complex 3-form (moduli fields in 4d) :

1 1 , 1 .
Wi-theory = 1 /X Gy + 1 /X (A +iP3)) A |Gy + id(A(s) + i®(3))
7 7

[ House & Micu 04 ]
[ Dall’ Agata & Prezas °05 |




M-theory fluxes / ET dictionary

M-theory origin Type ITA origin Fluxes | Embedding tensor
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(Non-iso) example : Twisted torus Xy = T7/(Z x Z> x Z>)

e Factorisation :

[Ea= 2 +2+ 2 +1]
=T = AT A

* Twist specified by a metric flux
1

e Background gauge fluxes

3
1 — 1
5 G(4) e E ai (1) I == b 50 + g CO OZI and Z G(7) = Qg 771234567
il

e Moduli fields
1
2(A3)+Z(I)(3) E U]wI—l—SOéO— E TIBI




Geometry of the Z, x Z, orbifold of T®

- Orbifold action

1 2 3 4 5 6 1 2 3 4
oo .0 ,n) = (0", -9, —n,

(', 0, 0t 0% = (=, =%, 0, 0t

- Invariant forms
O-forms == points

1-forms == none

2-forms =P
3-forms

4-forms

5-forms == none

6-forms == internal volume




