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Motivations:

* Low energy effective field theories for strings, 10(11) dimensional “sugras” miss
“stringy dualities”. D(E)FT, could capture duality information

» Metric and 2-form field (RR fields) geometrically unified (Berman's talk)

» Like Riemann Geometry describes Gravity, D(E)FT could provide
a “Geometry” for strings

New configurations, non derivable from effective 10 dimensional sugra theories
could be reached from D(E)FT. Relevant for Phenomenology, susybreaking, moduli
stabilization..



Plan:

T(U)-duality as a symmetry of a field theory: D(E)FT

D(E)FT, “dynamical fluxes” formulation

DFT(EFT) a “Geometry” for strings?

Generalized Scherk-Schwarz reductions. Fluxes and gaugings

 Link with (bosonic) sector of Supergravities

« Comments, problems and outlook



Double Field Theory

O(n,n) (T-duality) explicit in a field theory

Extended Field Theory

Epn) (U-duality) explicit in a field theory



Double(Extended) Field Theory

« Coordinate space

* Fields

 Symmetries

e Action



coordinates
Pt ey, e dual coordinates
1=1,...,n
Py = (pi,ﬁi) > Y = (yi, j&z) internal, fundamental representation of
xt space-time d
M space time duals, fictitious
XM = (zk 7M)Y) O(D,D)  D=d+n

d=14 e 44412 e 4412

DFT

O(n,n)



Pi

6 KK momentum
~ T-duality

a
P =

KK +winding=6+6=12

v

string charge

EFT

X = (z"Y)

«  pM

DFT

12D fund. of  O(6, 6)
-~ U-duality

M __ ~
P —(pr> 56D fund. of E7,7

/V D1+D3+D5 charge=6+20+6

Q — » NS charge=6

Ca

KK monopole=6

56D fund. of  E7.7 M=1,...,56

—> 4 + 956



fields D FT

Oy (XM restrict to Hun(X),d(X)
Generalized metric Invariant dilaton
9" —9"" b —2d —2¢
Huyn = ( : ) EO(D,D) € = \/ge€
bz'kgkj gij — bikgklblj \/—
Massless bosonic modes of D=10 string theory (2* =0, i=1,...D)

EFT Hun = Hun(d,9,0,Cp)



Symmetries

LVM = LVM + YR OnEpV©

Y%N departure form Lie derivative is fixed by requiring LV M inside the group
: e M _N MN _ (0 3y
e O(D,D) Lenun =0 Y plo=n""nprq MMN =500
leads to

LeVM = ¢PopVM _ gpeMy Tt L gMepV P
5§HMN _ gPaPHMN s (8M£P _ 8P§M) HPN s (aNgP _ 8P£N) HMP

556_261 — aM (€M€—2d)

if §i(..)=0 M = (&,£)

Legij = Lxgij _
Usual diffeos and gauge

Lebij = Labij + 2 8[@%‘] transformations in sugra 10



In general

YMNPQ = 535}3 — &P(adj)MNPQ + 55%55 ,

YMoNp a | B

O(n,n) N npg 2 10
Eyay = SL(5) eMN ¢, po 3|1
Esi5) = SO(5,5) %(,yz‘)MN(%)PQ A i
Eg(6) 10dMNEdpo g 6 | 1
Er) 12KMN p 4+ 601650 4+ LeMNepg | 12| 1

Table 1: Invariant Y -tensor and proportionality constants for different dimensions. Here nyn s the

MN

O(n,n) invariant metric, e;prn is the SL(5) alternating tensor, (7% are 16 x 16 MW representation

of the SO(5,5) Clifford algebra, dMNE and KMNPQ gre the symmetric invariant tensors of Es6) and

Eq7 7y respectively, and eMN s the symplectic invariant in E77y.

Berman, Cederwall, Kleinschmidt, Thompson (2013) 11



Consistency

Two successive gauge transformations parameterized by ¢, and &, , acting on a given field
¢4 » Must reproduce a new gauge transformation parameterized by some given  ¢£5(&, &)
acting on the same vector

define Ag — 55 — ££
A123]\4 — _A& (’Cﬁzféw) — ([‘6517 £’52] - Lflz)géw =0

with §12 = L, &2

requires AqosM =Y PR (23P§[}f 8@55\]4 &5 — Op&ft &5 anéw) =0

DFT is a constrained theory

asolutionis  yM LN 9y on(...) =MV on(...) = 5"@1( ..)=0 "



“section condition” or “strong constraint”

YMpN o Oaon(...) = ™MNopon(...) = 90;(...) =0

physical
+" space

=i

Fields depend on half of the coordinates

not really doubled !

O(D,D) rotationtoonly x dependence

Are there other solutions to consistency constraints?
13



Hull-Hohm-Zwiebach

DFT action

Sprr = /dXe_Qd (4 HMN(?M@NCZ — 8M3NHMN — 4’HMN8Md ond + 48M7‘[MN Ond

1 1
+§ HMN Oy HEL OnH i — §HMN8M7'[KL OxHnNL + A(SC)R)

* up to two derivatives
* up to cubic terms in the metric

« O(D,D) invariant

* Invariant under aeneralized diffeos if strong contrained
o |f aM — Oaai

Sprr — Ssugra = fdx\/§6_2¢ (R—I— 4(8¢)2 — %HQ)

14



DFT action with dynamical fluxes S rens

G.A, Marques, Nufez (2014)
A frame formulation: M e O(D, D) Hohm, Kwak (2010)

E ;M generalizedframe ¢ O(D,D)/H AecH=0(1,D-1)xO0(D—-1,1)

A __ B 1 5
HMN =k M SAB E N nMN:EAM NAB EBN

can be parametrized as

with gij = €%;s5,3€%; and $ap = diag(—+---+)
15



Generalized (dynamical) fluxes  Fiza(X)
LEEAM — gpaPEAM + (8M€P T ang) EAP transforms as a vector
in particular
Lo B = FapBcM
fluxes
£EA€—2d = —F; €2d
is¢ = Feule,Es™ =3Qipe

Fipc = CM~E;ER = 93[ABC]
then JT_-A _ _€2d£EA€_2d _ QBBA i 2EAMaMd
with  Qapec =Ex"OumEg"Ecny =—QacB  generalized Weitzsenbock connection

16



DFT action

Sprr = dee_QdR

in B A 1
GAD, BE, CF _

GAD gBE OF _

17



under generalized diffeos

S¢Fape = & 0pFapc+ Acasc
0eFa = EPOpFa+Acs
if closure is satisfied Aqa3™ =0
AeFape = Deape = BenDe(LpEp™) =0
AeFg = Aeg=—e"Ae(Lpe ") =0.
then 66R=LR=EPOpR  scalar! —» the action is invariant

Is R a generalized Ricci scalar? 8



A Double Geometry?

Can we “generalize” Riemann geometry to a “Double Geometry”?

diffeo

covariant derivative

connections

Ricci tensor

scalar curvature

L — L

k P
I';i" = Tun
P

Risik = RyNpPo

R— R

generalized diffeo?

generalized covariant derivative?

generalized ....?

generalized scalar curvature?

19



Double Geometry

L — L

Vau VY = o VY + Ty pNv7E VuE:N = WMABEBN generalized covariant derivative

metric compatibility, torsionless...
VaHPC =0

Tag™ = (L:EA — ﬁEA—)EBM =0 = QF[AB]C = YCBPQFPAQ

only part of PMPN (and WMAB )is determined

. A A v A 1 y 1
Pyl PSQ FMRS = PRQ((?MPNR Pyun = 5(77MN —Hun), Pun= 5(77MN +Hun),

Generalized Ricci tensor,
1
(Var, VeV + §VA(YAMBPVBVP) = RupV?E

covariant if consistency constraints are satisfied, partially determined 20



Riemannian geometry Double geometry
Frame compatibility W=Q+T W=Q+T
O(D, D) compatibility | ~  ——————— Cvve = —Tupn
Wiap = -Wupa
Metric compatibility 0igik = 2Fi(jlgk)l OvHpg = ZFM(pNHQ)N
Vanishing torsion I‘[ij]k =0 Fivnp =0
Wiag)© = 2fa5° Wiase) = 3Fapc
Measure compatibility " = %aﬁ\/g Cpyt = e2d9ye—2d
Wia® = foa WgiP = —Fa
Determined part Totally fixed Only some
Lii* = 59" (Digji + ;90 — Digij) projections
Covariance failure AgFijk = 0i8j£'k Acl'ynvp = 200 0nE P
+ QrnpQFpsE®

Table 1: A list of conditions is given for objects in Riemannian and double geometry, with their corre-

sponding implications on the connections. Fvery line assumes that the previous ones hold.



Riemannian geometry

Double geometry

Torsion

Ti* = 2T5"

Tun® =2T " + TP un

Riemann tensor

Determined

Riji* = 20T ),°

Undetermined

Rvnpg = Runpg + Rpoun

+2T T ™ AT T pg — QrunQpg
Ricci tensor Determined Undetermined
Rij = Rix;" Run = pPQRMQNP
EOM R;j =0 Por®Pny® Rrs =0
Ricci Scalar R = ginij R = iPMNRMN

Table 1: A list of definitions of curvatures is given for Riemannian and double geometry.

22



Action from generalized Ricci scalar:

Sprr = /dXeQdR

23



G. A, Baron, Marques, Nufiez, (2011)
Geissbuller

Scherk-Schwarz dimensional reductions

D=d+n
split coordinates
YA = (§m,y™) m=1,....,n internal
X =(X)Y)
X = (Z,,z") p=1,...,d stime
ansatz
M (x) = &%) UM(Y) E(X) = EAp(X) Ul(Y) . d(X) = d(X) + A(Y)
twist Ur"(Y) € O(n,n)

encode dependence on internal coordinates

24



Dynamical fluxes split X =(X,Y)

Fipc(X) = Fape+ frx Ex'Eg’BeX, F = F(x)
FiX) = Fa+frBf
Jroxk = SQ[IJK] : Qrox = UMonUNUknw
ith ~
" fro = Q7 +20™MouA
A = 0 > 8]‘7 o'W =0 strong constraint
(U1, fr1+ fra™ fx) + (0f) =0
choose
fr7x = constant , fr = constant . (220, 12 for O(6,6))
Fipe(X) Fape(X)
Fa(X) F1(X)

25



G a u g ed D FT M. Grana, D. Marques, (2012)

—~ 1 .~ R R
SeDFT = ”/dXG_Qd[ ~2 (FIKL + fIKL) (FJLK + fJLK>7‘[IJ
1 N R
-5 (FI.]K + fIJK) (FLHG + fLHG)%IL”HJHHKG

1/~ ~ ~ ~
—E(FIJK ‘|‘fIJK) (F”K +f”K) + (?—l” —nIJ)FIFJ] :

v= [dYe 2}

LM =UM LT
LV =LV — f eI VE

fH[IJfKL]H =0 quadratic constraints

A3 =0 5
o;V 0'W =0 strong constraint 26



From gauged DFT to gauged supergravity
O(D,D) — O(d,d) x O(n,n)

P N I,J,K)= (A B,C
OVOIW =0 — OV =0 f[JK—{fABC ( )= )

0 otherwise

parametrization . R o~
ezt —egzPc —ezPA
a a Cou a Ap
/\A _

consider

-



space -time fields

FA, = 0,A%, —0,A%, — fpcAAB, A°,,
JV:le " Guox = 36[# pAl — fapc A4 A ACA“"S@[MA EA]A
DMEI\)BC = 6HEI\)BC — fABCEuAEI\)BB

ng/f _ ﬁg‘//\'f — VK gauge transformations
Og Guv = Le Guv
I Og ZW = L¢ ZW + (Ou€r — Ovey)
og AN, = Le A%, — 9,A + fpe NPAC,

55 Mup = L¢ M\AB + fACD KCM\DB + fBC’D KCM\AD-

28



and Sprr  — »
= _ o3 ~. ~ 1=
S = /dx\/§6_2¢ (R + 4 0"¢90,¢ — ZMAB]:AW]:BW
1 wp o Ly 1O wAfAB
- Eguypg —1_ gDMMABD M — V .

with

V= 1/pa® fePMAB + L fac® fepf MAE ML Mpp + % fapcfAPC

Electric bosonic sector of A =4 gauged supergravity

faaBc = fraBc = faBc

29



N =

Global symmetry

gaugings

4

sugra

SL(2,Z)s x O(6,6)

faaBc (2,220)
J+aBc electric
f-aBc magnetic

¢M (2,12)

30



1 2
farmnp foqrsM*” (gMMQMNRMPS + <§UMQ _ MMQ) nNRnPS>

1
V=4 = 1

4
_§faMNPfBQRS€a5MMNPQRS + 3§§4§évMa5MMN]

i faaBC — fraBc = faBc
ZfDAC fopP MAB = fact fepf MAB MCP Mpp + ngBCfABC

guadratic constraints

PABfBLB p=70
ol | > fag"fepie =0

P L P L
f+ABf_BP - —ABf+BP =0

31



3

E E
diafBcp) — Zf[AB JeplE = _ZQE[ABQ cp] =0 closure
constant fluxes
f[ABEfCD]E = QE[ABQECD] =0 quadratic constraints
QpasQ¥cp =0 strong constraint

®* There is a subset of new solutions not annihilated by the strong constraint.

* Although many non-geometric backgrounds are related to geometric ones through T-duality, there
are genuinely non-geometric orbits of fluxes

32



fluxes=sugra gaugings

frok = 3Qrix Qryx =UMonU;NUky
fr = Q7 +20MoyuA
A w,™ Uy V0 Only u,v appearin
M = SS compactifications of
a nm a a np
un S w4 Ut S vpm, Sugras

here we have also glmnl (Andriot' s talk)

u,v —®»  geometric fabc = Hape fabc = Wpc"

— : b __ b bc __ b
lmn] non-geometric fluxes [Pe=Qc", [f¥°=RY"" 33



fabc — Habc ; fabc — Wbca , fabc — Qca’b , fabc — Rabc

more explicitely

Hoype = 3 [v[avbc] - Ud[a@dvbc]] )

war® = 207 + Vap + 20" Vgl + B Himat

Q™ = 20 4+ 0.6 + vem 0™ BY + 2w BT — Hypnc 75"

Rabc — 3 [ﬁ[gmvmﬁ@] 4+ @[aﬁbc] + ,Umn@nﬁ[abﬁc]m + B[gmﬁgn@g] Umn} + 5amﬁbn6denl :
Va? @n —» Fabc — uamﬁmubnucn ) I‘abc — uamémubnucn

34



0(10, 10)

Supergravity 10-dim N DFT (10+10)
sSS Generalizeq SS
6-dim 12-dm +4
\/ \/
Gauged supergravity d-dim Gauged supergravity d-dim
(geometrical fluxes) - (all fluxes)

35



Berman, Dall Agata, Cederwall, Coimbra, Hohm, Kleinschmidt, Musaev,
Samtleben, Thompson, Waldram, West,Strickland-Constable, Waldram, ....

I I I GA, Grana,Marques, Rosabal "13, 14

e Coordinate space

(', YM)
xt d=4 space-time
yM M=1,...,56 internal

e to start with: restrict to internal sector

¥ expectator



Integration measure

37



« Symmetries

LVM = (LM 4 Y M P oope@V Y

WNO = —WON . .
Le must preserve  £7(7)  invariants « < symplectic metric
Kynreo = P o projector to adjoint
1
- YMNPQ — _12PMPNQ+ §WMPWNQ

38



Extended (dynamical) fluxes

(Lr,Ep)M = Fi5°Es"

Fip” =295 +Y 5" 5 Qpa” Q¢ = ExMouEgN (B YN
FABC:DABO+XABC FABCE56+912
Namely

Pad)) 8" Xap®” = Xag®
912

Xapoy = Xap” = X(apo)y = Xpa® =0

Dap® = —946% + 8P4 58X aVp € 56

39



Consistency constraints

A123]\/1 — ([‘Cﬁw ‘652] - £§12)€é\/l =0

|

Les Le,] = Liig,, €] - closure of the algerba
Lie, &) =0, ((§1, &2)) = §(12) Leibnitz
A solution:  “section condition” or “strong constraint”

P(adj)MNQRaQ ®0p =0 fields depend on a 6d slice of the 56d space

Are there other solutions to consistency constraints?

40



Consistency reads

(Les: LoglEe — Low, mBe)™ = ([FAaFB] + FABEFE) &

+ (OF)

e constant fluxes

Fap©(Y)
e guadratic constraints
C
[FAaFB]:_FAB Fe " Jl+ F(AB)EFEDF:()

Foap® intertwining tensor.

41



An Extended Geometry?

Can we “generalize” Riemann geometry to a “Extended Geometry”?

diffeo

covariant derivative

connections

Ricci tensor

scalar curvature

L — L extended diffeo?

Vz- — V M extended covariant derivative?

k P
I';i" = Tun
=7 ... extended ....?

Risik = RyNpPo

R —> R extended scalar curvature?

42



generalized covariant derivative

Vu VY =0y VY + Ty pN V7P VuEz" = WMABEBN

torsion free Tag" =Ly, — Lo,

JEg™ =0

metric compatibility VYV 4HZP¢ =0
only part of T'3;p"" (and Wan' ) is determined

16 1
Wun' = —1—9P(adj)PNIM?91 + ?XMNP +Sun”

RMN =

1
Var, VeIV + §VA(YAMBPVBVP) =RupV?”

W €56 +912 4+ 6480

(Rvn + By +Tru” Y50 Tan®) = Rvm

Coimbra, Strickland-Constable,Waldram(2012)

43



Ricci scalar

R =HPR.p
1 1
ZR = &7 (HAPHPPHepXap® Xpp" + TH P Xuc” Xpp©)
1 448 HAB P, 1 a5CP + A peo Yo
672 (adj)AB 3 CVD
[Fa, Fp] = —Fap®Fc > 0cR = LR =E"0pR

quadratic constraints

FABC:DABC—l—XABc FABC’E56—|—912

44



Internal action

1 1
$=7 / dy e—mﬁ (HAPHP P HopXap® Xppt + TH* P X 4c® X5p )

(@)—1/28 _ 6—2A £56_2A _ 6p(€_2AfP)

chose HAB = MAB(z) and e = V()

|

S —4v MAP(YMPBE (@) Mep(2) X ag Xput + TMAB(2) X acP Xpp©)

1
= g7 (

Scalar potential for A~ =38 gauged supergravity

de Wit, H.Samtleben, M.Trigiante (2007)

45



Extended Field Theory?

Is it possible to buildupa bD=4+5 EFT ?

(ZEM,YM) xru M:1’2,374 YM M:]_,,56

Mixed terms terms require extra structure!

;

Tensor hierarchy

e startin D=4 with gaugings —® D =4 Gauged Sugra

« then try to uplift to D =4+56

46



D=4 algebra
V= (gn €M)

(£f1€2)’u — (Lf1£2)'u

(Le &) = Le & — 50,60 + FpeeP &S
(BeLeV)” = [([£e La] ~L2e ) V]*

(A, Le, V) = 0
(A£1££2V)A — ([FBvFC] +FBCEFE) DAle 2CVD
—2VPFpcy0,68¢5

&

as in DFT

—»

quadratic
constraints

47



Tensor hierarchy (133)

(L&) = (Le o)

(Le,&o)* = Le&' — 0,48 + FeoePes + 061,
(Lo = (Les&)u™ + 2650061 ™ + 2F 5oy (260 62,,C + €50,£9)
closes if &, Fpe® =0

solved, due to quadratic constraints ( F(AB>EFEDF =0), by

& = Fipey6, " = F.A¢,” £," €133

a

Intertwining tensor

Vi = (g, eM, 6.7, 0)

0+56+133 +...

48



Next step in the hierarchy (912)

A A o « o «
Fo (£§1€2)M - (L51€2)M + 252 a[aglu]

— 2(t%)pe (2660, Fs + 50,60 + m]

I, F,*=0

(Aglﬁngg) ,ua =0 flpua c 912
Fua — fgglpua - FAﬁa€2uB§i4

YU (gn M g MY intertwining tensor

0+56+133 + +912...

49



. 1
<£§1§2) — (L€1€2>M
. A
('55152) = L & —E0pE0 + Fpe 60 &y + €561, B,
<££1§2>M ¢ o= (L£152)ua - 2€§a[p€1u]a — 2(t")Bc (25[?&]#7]?70 + §2Bau§?)
+ 510" — FAﬂa§2uB€i4
(55152> w” = (L&) — 38501,€1m)”

+2FA6a <§2[,u681/]614 - gfa[uflu]ﬁ - fﬁfZ]uuB + 61[/1,6521/]14)

VM: FL’ M’ a, I/M7 VM,...
(67,67, 8" &u Syt ) Extended tangent space

0+ 56+ 133 +912 + (133 + 8645) + . ..

Cosistent with: F. Riccioni, D. Steele and P. West, The E(11) origin of all maximal supergravities: The Hierarchy of field-strengths,
JHEP 0909, 095 (2009).

50



Generalized diffeomorphisms in gauged maximal supergravity

fA _ (5#7 fA, €M<AB>7 €,LLI/<ABC>7€,LLVp<ABCD>7 o ) vectors
i)
A « A A
<L > projector onto irreps. e (6 6T )
. A
(Qﬁz) = {7O0pES — E30REY + WhETpOcDE] + Facheres Gen. diff
A = (0,,,0,...)
Intertwinig tensor.

F, A, Fa, Fa*, FA®Fo" = FA ' F4% = --- =0

51



Extended tangent space

VM - (guagMag,ua?g,ul/Mag,ul/EM? K )

'

M M M M M
EA 3(65M7¢A 7Au 7B;U/a7 uré 7D,u1/§p

)

BV = (LM

:

vectors

frame parametrization

gauge trasformations

SELM D (bem™, 0@ 4™, 64, 6B,,%, 6Ce™ 6D e, L)

Fi5° = (L, E5) (B 1)t

dynamical fluxes

52



A — > Fdl_)éﬁ ~ Huysa
Fig® ~ Fap®
Fip® ~ D,®5°
D,®5Y = 0,05 - Fag©A, ®5"
H,© = 20,4, — Fap“APA° + B, F.°
Huwp® = 3 la[uBup]“ — Cuvp™ FA™ + 2(t%) pe (A[uBauAp]C + Ay By Fg© 3 Foe® AP AP A,
Bl Agar® ~ Ry =0
A___D:(A_A_ _p _)D o
ABC [LEMEEB]EC EEAEEEC " A_a,l_ac ~ (3D[MFVP]M HMVPM):O

Democratic formulation of maximal (bosonic) gauged Sugra in

D=4

53



An Extended space-time geometry?

D =4+56 D =d+dim Epii(nt1)
§Ma,Y) = (¢, €M, 65NN 6 ML)

. A
<£51€2) = EP0REs — E50pEL + WAETpOCEDER + Fac™ €8¢ Extended gauged sugra

om=(0y,...). D=4
i uplift?

(£e,éa)™ = Eopél! — EFondl" + V"5 goné S Ot = (D, O, 0, ... ).
D =4+ 56

Obstructions to uplifting at different levels a7, <« MN >, < MNP >,...) dependingon n

See Berman et al., Hohm et al. , 54



hierarchy > M, < MN > < MNP >,...

A A o ~ A
Fq <£§1€2)M = > YMPNQE?N (££1€2> MPQ =...
Intertwinig tensor. Intertwining operartor
i.e. F(AB)C = YMPNQé’NU(AQUB)P(U_l)MC
A M 1 N
(55152) — o §APEL UM = §YMPNQaNfuPQ +YMpN gonUaCU5TE,AP

/ Obstruction in
Er 7
. (7)

Exqy  YVpYq=—12P"" (pg) + 50" N wipg)

En(n) YMPNQ - CnPMN(PQ)

< MN > obstructionin  Eg)

55



Summary and Outlook

* Low energy effective field theories for strings miss “stringy dualities”,
D(E)FT could capture duality information

* Like Riemann Geometry describes Gravity, DFT(EFT) could provide a “Geometry” for strings

Non-Geometry geometrized

* Twisted (SS) compactifications lead to full gauged supergravities

DET > (electric bosonic sector of ) half-maximal gauge supergravity

EFT (under construction?, O. Hohm talk)

Scalar potential of maximal gauged supergravity

> Democratic maximal gauged supergravity

* All (electric) “gaugings” are obtained from DFT(EFT). New configurations,

not derivable from effective 10 dimensional sugra theories can be reached from D(E)FT
56



Can the strong constraint be generically relaxed? i.e.: SS (see Betz,B.L,R)
Can we really include windings?
Strong constraint: no windings

SS: only zero mode

Is there a double(extended) geometry?:
patchings involving all coordinates? (see Hohm,L.Z,.; Berman et al., Hull,..)

truly double manifold with a globally defined basis?

A consistent truncation of string (field?) theory?
Truly stringy states? .

Massive states? Quantum corrections? -
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