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Duality covariant approaches to strings

- Different strings related by dualities: 1IA/IIB T-duality, [IB S-duality, ...

- String dualities realised as global symmetries in SUGRA

lower-dimensional phenomenon  vs  higher-dimensional phenomenon

embedding tensor, non-geometry... 3-supergravity, Y-supergravity...

Today’s talk : Extended Field Theories [ extend internal coords to transform under duality ]
Double Field Theory (DFT) # Orthogonal groups O(d,d)  [half-max SUGRA (T-duality) ]

Exceptional Field Theory (EFT) # Exceptional groups Eg+1(d+1) [ max SUGRA  (U-duality) ]

[ Siegel 93] [ Hull & Zwiebach (Hohm) ‘09 "10] [ Hohm & Samtleben 13 ]
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Dualities in SUGRA and Extended Field Theory

D | Maximal sugra / EFT | Half-maximal sugra DFT

9 R*™ x SL(2) RTxO(1,1+n) |RT xO(1,1+n)
3 SL(2) x SL(3) R* x 0(2,2+n) | R* x 0(2,2 +n)
7 SL(5) RTx0(3,3+n) |Rtx0(3,3+n)
6 SO(5, 5) Rt xO(4,44+n) |RT x0(4,4+n)
5 Ee(6) Rt xO(5,5+n) | R xO(5,5+n)
4 E7e7) SL(2) x O(6,6+n) | RT x O(6,6 + n)
3 Ess) 0(8,8 + n) R x O(7,7 + n)

Duality groups of half-maximal SUGRA and DFT difter for D < 4

* n = additional vector multiplets 3



. in this talk we will look at D=4 :
EFT with E7(7) duality group [ Hohm & Samtleben 13 ]
SL(2)-DFT with SL(2) x O(6,6+n) duality group [ arXiv:1612.05230]

%

DFT with R* x O(6,6+n) duality group

[ Siegel '93 ]

[ Hull & Zwiebach ‘09 ]

[ Hohm, Hull & Zwiebach 10 ]
[ Hohm & Kwak ‘11 ]



Evo-EFT

[ momentum, winding, ... ]

M

- Space-time : external (D=4 ) + generalised internal ( y”" coordinates in 56 of E7y))

[Generalised diffts = ordinary internal diffs + internal gauge transfos}

Generalised Lie derivative built from an E;¢-invariant structure Y-tensor

LoUM = ANoNUM —UNONAM + YMN 565 O AT US

Closure requires a section constraint : Y7< v 0p ® 09 =0

Two maximal solutions : M-theory (7 dimensional) & Type lIB (6 dimensional )

[ massless theories ]

[ Ciceri, A.G. & Inverso 16 ]
[ Hohm & Kwak ‘11 (sec const violated) ]

Massive ||A arises as a deformation of EFT

[ Romans ‘86 ] [ Cassani, de Felice, Petrini, Strickland-Constable & Waldram ‘16 (generalised geometry) |
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Evo-EFT

- E7(7)—EFT action | D,u = 8M — ]L’Au ]

SEFT - /d4SC d56ye [é T ﬁ g/W DMMMN DI/MMN - %MMN JT’MVM]:/WN
+ 6_1 ,Ctop — VEFT(M, g) }

with field strengths & potential term given by

Fu = 20,AM - [A,, A,,}/E\/l + two-form terms ( tensor hierarchy )

Verr(M,g) = —2 MMNONMEEL O Micp + & MMN O\ ML G Miprxc
—L g7 OMmg ONMMN — L MMN 67199 g7 0ng — L MMV 90197 O g

- Two-derivative potential : ungauged N=8 D=4 SUGRA when ®(z,y) = ®(z)
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From E;0-EFT to SL(2)-DFT

- Halving EFT with E7z symmetry to obtain SL(2)-DFT with SL(2) x O(6,6) symmetry

E7(7) — SL(Q) X 80(67 6) & =(+,-) vectorindex of SL(2)
56 — (2,12)+(1,32) M vector index of SO(6,6)
o A  M-W spinor index of SO(6,6)
y Moo=y R "

[ see Dibitetto, A.G. & Roest '11 for SUGRA ]
EFT SL(2)-DFT

via a Z3 truncation ( vector = +1, spinor = -1) on coordinates, fields, etc.

- SL(2)-DFT generalised Lie derivative [ DFT corresponds to an & = + orientation ]

[ LAUM = APNogn UM — UPN Gy AM + MV pg Ogn APE U9 4 2€*P €5 gy AYM U 1O J

- SL(2)-DFT section constraints : [nMN Oart @0sn =0+ € Dupar) ® Oy = O}

N=1 SUGRA in D=10 as in DFT



SL(2)-DFT with SL(2) x O(6,6) symmetry

- SL(2)-DFT action [ D, =0, —La4, |

w

CH—— / d'rdye[R + g™ D, M D, M5+ L g" D, M"Y D, My

_% Maﬁ MMN f'uyaMF,ul/ﬁN + 6_1 Ltop — ‘/SL(2)-DFT(M7 9) ]
with field strengths & potential term given by

Fu®™M = 28,A,*M — A, AV]SM + two-form terms ( tensor hierarchy )

I

E

<

<

=
|

(Oart M) (9 Moy5) — § (Oars MT?) (0 Mpq)
(Oarr M°) (058 Migy) + 5(Oars MF?) (950 Mnp)]

+ L MMNYMPR(9,n M) (OsqMnp) + 5 M*P MY (9ops MMC) (050 Mg,)
— T M MMN g7 Damg) 97 (0an9) + (Oarig™) (Osnguw)]

97" (Oanrg) Opn (M MMY)

VSL(2)_DFT(Ma g)

- Two-derivative potential : ungauged N=4 D=4 SUGRA when ®(z,y) = ®(z)
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SL(2) angles & moduli stabilisation

- Scherk-Schwarz (SS) reductions with SL(2) x O(6,6) twist matrices U,y N = e* e, ® Uy N

yield N=4 , D=4 gaugings [ Schon & Weidner ‘06 |

JaMNP —3e *ea” nop UnT* Upy® 9rUs¢
Eamt = 2UnN0Osn(e en)

[ de Roo & Wagemans ‘85 ]

- Moduli stabilisation requires gaugings G = G x G, at relative SL(2) angles

f G2 ( sec. constraint violated )
G1 * af
€™ Oafnr| ® Opiny 7 0
>
+
- Dependence on both type + & type - coordinates  [not possible in DFT |
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Example : SO(4) x SO(4) gaugings and non-geometry
- SS with U(y*™) € O(6,6) : Half of the coords of type + & half of type -

- SL(2)-superposition of two chains of non-geometricfluxes ( H, w, Q, R )+

f—|— f—i—mnp = H+mnp , f—l—mnﬁ = W+mnp ) f—l—mﬁp = Q+mnp ) f—|—frmﬁ = R—i—mnp

f— f—mnp — H_mnp ; f—mnﬁ — w_mnp ) f—mﬁp — Q_mnp ) f—mﬁﬁ = R™M"P

Most general family (8 params) of SO(4) x SO(4) gaugings of N=4 SUGRA

SO(4) x SO(4) SUGRA : AdS4 & dS4 vacua ( sphere/hyperboloid reductions)

[ de Roo, Westra, Panda & Trigiante ‘03 ] [ Dibitetto, A.G. & Roest "12 ]

“Hybrid £" sources to cancel flux-induced tadpoles : SL(2)-dual NS-NS branes
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Summary & Future directions

SL(2)-DFT captures the duality group of N=4 SUGRA in D=4
SL(2)-DFT sec. constraints : N=1 SUGRA in D=10 & N=(2,0) SUGRA in D=6

SL(2)-DFT action extendable to SL(2) x SO(6,6+n) and deformable as EFT
[ Ciceri, A.G. & Inverso 16 ]

Non-geometric gaugings at non-trivial SL(2) angles : full moduli AdS, stabilisation

[ not possible in DFT ]

Flux formulation of SL(2)-DFT : sec. cons violating terms & SL(2)-NS-NS branes

[ Aldazabal, Grafa, Marqués & Rosabal ‘13 ]

Cosmological applications of SL(2)-DFT ( stable dSa4, inflation, ...)
[ Hassler, List & Massai ‘14 ]
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Grazie millel!

Thanks a lot!!
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Extra material

13



A family of exotic branes

Q
D(—1)g~"~D07 - Dlg~1» D25~ D34 <1~ Ddg~- Dy <~ D6, <L NS7

s s
0y 1§ ¢
T .
exotic
''''''''''''''''''''''''''''''''''''''''''''''''''''''''' KE{; duality
T
P — F1 NS5
'S I ,,
T T T T T T T T

D(—1)<~ D0 <~ D1 <"~ D2 <"~ D3 <"~ D4 <~ D5 <~ D6 <~ D

s)

[ Sakatani ‘15 ]
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Dualities in SUGRA and Extended Field Theory

D | Maximal sugra / EFT | Half-maximal sugra DET

9 R™ x SL(2) RTxO(1,1+n) |RT xO(1,1+n)
8 SL(2) x SL(3) Rt x0(2,24+n) |RTx0(2,24n)
7 SL(5) Rt xO(3,3+n) | RT x0O(3,3+n)
6 SO(5, 5) R* x O(4,4+n)* | R* x O(4,4 + n)
5 Ee(6) Rt x O(5,5+n) | RT xO(5,5+n)
4 E7e7) SL(2) x O(6,6 +n) | RT x O(6,6 + n)
3 Ex(s 0(8,8+n) | R+ xO(7,7+n)

Duality groups of half-maximal SUGRA and DFT differ for D < 4

* There is also the chiral N=(2,0) SUGRA in D=6 with R* x O(5,n) duality group
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SO(4) x SO(4) twist matrices

- O(6,6) twist 1 Uy (y*M) = ( ]15 ﬁ(f ) ( gz HZ; ) ( 56 uoft )

um@ = | 0 3(cosYiy e +cosYuye) —3(sinYy e +sinYue) |
(

1
3
0 1(sinYjy o) +sin Yy @) 2 (cosYyy e + cos Y o)

0 0
by = | 0 U 3 sin(Yo,o = Yoo) |
0 —3sin(Yy,) — Yaye@) 0
0 0 0
B2 = 0 0 tan (% (Y, _3/(1),(2))) ,

1)
1)

2)

Cﬂx KZQ

(& —ap) (v —y™) + (dy =) (v —y
y

(1 +ap) (v +y™) + (dy +bh) (v +

L)

)
)
(& — as) (y+* —y™) + (dy = 05) (y™* —y )

(3 +az) (v +y+) + (dy + b)) (v~ + y“_‘)J




Deformed EFT  ( XFT)

- Generalised Lie derijvative [ no density term ]

LAUM = ANoNUM —UNONAM + Y MN 55 OAT U

in terms of an Epy-invariant structure Y-tensor. Closure requires sec. constraint

Deformed generalised Lie derivative

LAUM = ANONUM — UNOAM + YMN 56 OAT U2 — X pM AN UP

in terms of an X deformation which is Enp-algebra valued non-derivative

- Closure & triviality of the Jacobiator require ( together with sec. constraint)

& ) - )
Xpmn” 0p =0 Xmp2 Xno® — Xnp 2 X + X © Xop® =0

X constraint Quaderatic constraint (gauged max. supergravity)
- J -

[ X deformation vs embedding tensor ]
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X deformation : background fluxes & Romans mass

YPQM/\/‘ Op ® 0o =0

section constraint
\_ J

Y
Xmn" 0p =0

X constraint

~

j

[ algebraic system ]

Massive Type IIA described in a

purely geometric manner !!

[ QC = flux-induced tadpoles ]
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E7(7)—XFT action

E7oXFT action [ D, =8, —La, ] [ v coords in the 56 of Ezp]

SXFT — /d43j d56y€ [R + ﬁ g,uz/ D,uMMN DVMMN — %MMN Jr'LWMJT"MVN
+e™! Liop — Vier(M, 9) |

with field strengths & potential given by

( deformed tensor hierarchy )

FuM = 20, A0M + Xipo™M 4,7 4,2 — [A,, A,]%" + two-form terms
VXFT(Mv g, X) — VEFT(M7 g) T 1_12 MMNMKLXMKP 8NMPL + VSUGRA(Ma X)
cross term gauged max. sugra

- Two-One-Zero-derivative potential : gauged 4D max. sugra when ®(z,y) = ®(x)
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Extended (super) Poincaré superalgebra

- Central charges (internal symmetries) 2, = (&}) T2

- The algebra:

['D/u P,]=0 [M,uz/a Mpo] — i(an M.s — e Myp — 1pp Muo + 10 MVp)
[P Moo] = i (np Po — Mo Py)

(T2, T°] = if® T° [T4,P,] =[T% M,,]=0

Q0P = [96, P =0 [QL, T3] =(ba)'y @  [Q4, T?] = —0% (ba),’

1 N —
[Qlom M,LH/] — _(Ouy)aﬁ Qlﬁ [QIO“ MMV] — —

N

16,00} = —2¢,52V1 (0L, 0f} =2eap 29 {0l 0} =20Y (¢),4P,



