String Geometry Beyond the Torus

Falk HaBler
based on arXiv:1410.6374 with
Ralph Blumenhagen and Dieter List

Arnold Sommerfeld Center
LMU Munich

October 25, 2014



The big picture

Phenomenology

SUGRA

Type | Eg x Eg het.

Type IIA SO(32) het.

Type 1IB




The big picture

Phenomenology

SUGRA DFT

Type | Eg x Eg het.

N’ Duality
Type A SO(32) het.

T- Duallt Type IIB




The big picture

Phenomenology

SUGRA DFT
CThis tak >

Type I Eg x Eg het.

N’ Duality
Type A SO(32) het.

T- Duallt Type IIB




Outline

1. SUGRA & DFT in a nutshell

2. String geometry by violating the strong constraint

3. Deriving DFTyw from CSFT

4. Applications

5. Summary and outlook



SUGRA

» closed strings in D-dim. flat space
» truncate all massive excitations

» match scattering amplitudes of strings with EFT

Sns = / dPx /ge2? <R + 40,00 ¢ — 112H,-,-kH"fk>
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SUGRA

» closed strings in D-dim. flat space
» truncate all massive excitations
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Manifest & hidden symmetries
» Sns = action for NS/NS sector of Type IIA and Type |I1B
» manifest invariant under
diffeomorphisms gi = Legj

gauge transformations  Bjj = L¢Bjj + 0jcj — Jjy;

» compactification on circle — U(1) isometry

» Buscher rules implement T-duality suscher, 1987

- 1 - 1
999—@7 Qe:—%

from NS/NS sector of IIA to IIB

]
(90190 — ByiByj) , - - -

B.7 : — i —
0i s Gij = Gij oo

» T-duality is a hidden symmetry

SUGRA & DFT
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

v

closed strings on a flat torus

v

combine conjugated variables x; and X' into X" = (% x/)

v

repeat steps from SUGRA derivation

Sprr = /dzDX e 2 R(Hmn, d)

fields are constrained by strong constraint 8M8M =0

v
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

Sprr = /dZDXG 2IR(Huw, d)
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM= (% x') d=¢— }log/g

Sprr = / d?PX e 2R (Hun, d)
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM = (x; x")\ /dqsg,log\@

Sprr = /dzDX e 2IR(Hmn, d)

R = 4HMNO,0nd — OONHMN — AHMNO,,dond + 40y HMNONd

1 1
+ EHMNaM’HKLaN/HKL — EHMN(?N’HKLaL/HMK
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM = (x; x")\ /dqsg,log\@

o= &) SprT = /dzDX e 29 R(Hun, d)

N

R = 4HMNO,0nd — OONHMN — 4HMNO,,dond + 40y HMNONd

1 1
+ EHMNaM’HKLaN/HKL — EHMN(?N’HKLaL/HMK
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

XM = (x; x")\ /dqsg,log\@

o= &) SprT = /dzDX e 29 R(Hun, d)

N

R = 4HMNO,0nd — OONHMN — 4HMNO,,dond + 40y HMNONd

1 1
+ E/HMNaM’HKLaN/HKL — EHMN(?N’HKLaLHMK

o p.AKB. R Ak
HMN _ (gu gg'f:;g By Bgf/g ) € O(D, D) — T-duality
Kj
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DFT (Double Field Theory) [Siegel, 1993,Hull and Zwiebach, 2009,Hohm, Hull, and Zwiebach, 2010]

L . 0 o 0o 4
» lower/raise indices with  nyn (6{ 0) and 7 (5/, 0>

XM = (x; x")\ /dqsg,log\@

o= &) SprT = /dzDX e 29 R(Hun, d)

N

R = 4HMNO,0nd — OONHMN — 4HMNO,,dond + 40y HMNONd

1 1
+ g’HMNaMHKLaNHKL — E/HMN(?N’HKLaLHMK

o p.AKB. R Ak
HMN _ (gu gg'f:;g By Bgf/g > € O(D, D) — T-duality
Kj

SUGRA & DFT String geometry DFT
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Gauge transformations [Huii and zwiebach, 2009]

» generalized Lie derivative combines

1. diffeomorphisms . .
somorp | } available in SUGRA
2. B-field gauge transformations

3. p-field gauge transformations
LAHMN = XPopHMN  (0M\p — 9pAMYHPN + (0N Ap — OpAN)yHMP

1
Lyd = )\MaMd + EaM)\M

» closure of algebra

L)\1£>\2 — ,C)\Z,C)\1 = ‘C>\12 with A2 = [)\1,>\2]C

» only if strong constraint holds

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

| HEREBE
DRAGONS

ﬁ@

AR~

] cStadas)
&5~ wE
AR wagga
g

o N NS ~ ,v/»;\

HERE BE SEN MONEZTEKP\;\T/\ i -
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

S | HEREBE
A oLLs DRAGONS

backgrounds
with fluxes

e P st WS 0 SO 0,
HERE BE SEX MONSTERS
SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
00000000000 [e]e]e}

00000 00



A landscape of string backgrounds (pougias, 2003 susskind, 2003]

backgrounds
with fluxes

HERE BE SEN MONSTERS
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

R
Bf
S’ i
il
. —
-
backgrounds
with fluxes
-\ DFT + CC
ey A LTNAL Nt - PN
€ SEX MONSTERS
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

backgrounds
with fluxes

QFT +CC

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
00000 000 00000000000 000

[Dabholkar and Hull, 2003,Condeescu, Florakis,
Kounnas, and Liist, 2013,HaBler and List, 2014]



A landscape of string backgrounds (pougias, 2003 susskind, 2003]

backgrounds
with fluxes

QFT +CC
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

backgrounds
with fluxes

QFT +CC
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A landscape of string backgrounds (pougias, 2003 susskind, 2003]

String geometry

e

backgrounds
with fluxes

QFT +CC
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching
amplitudes

Double Field Theory

simplification (truncation)

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
’g amplitudes
%
(@)
C
>
=
- 0
[
S 2
© =
Q =
= 2
Q
E ES
7 =
D — d SUGRA
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
= amplitudes
e
IS
(@)
C
2
5 9
® =
O =
= >
g £
‘B 2
D — d SUGRA
embedding tensor
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
= amplitudes
ie)
I
(@]
C
E » Scherk-Schwarz
c 3 ~ strong constraint
o x
T 2 » closure constraint
= 5
g £
» =

D — d SUGRA

embedding tensor
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Generalized Scherk-Schwarz compactification
[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]

String Theory

matching Double Field Theory
= amplitudes
ie)
©
(&)
C
g » Scherk-Schwarz
c 3 ~ strong constraint
o x
T = » closure constraint
= 5
2 £
i) =

D — d SUGRA

embedding tensor
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Generalized Scherk-Schwarz compactification

[Aldazabal, Baron, Marques, and Nunez, 2011,Geissbuhler, 2011]
some hints, but in general unknown

simplification (truncation)

String Theory

,,,,,,,,,,,,,,,,,,,,,,,

matching

amplitudes

without fluxes

| D— d SUGRA
embedding tensor

String geometry
oeo

» Scherk-Schwarz
> strong-constraint

» closure constraint

uplift

vacuum




DFT on group manifolds = DFTyw

\ | // Use group manifold instead of a torus to derive DFT!
: — + non-abelian gauge groups
N ( + cosmological constant
¥

+ flux backgrounds with const. fluxes

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
ooe oo o 000



DFT on group manifolds = DFTwzw

\ | // Use group manifold instead of a torus to derive DFT!
: — + non-abelian gauge groups
N ( + cosmological constant
¥
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treat left and right mover independentl
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DFT on group manifolds = DFTwzw

\ | // Use group manifold instead of a torus to derive DFT!
: — + non-abelian gauge groups
N ( + cosmological constant
¥

+ flux backgrounds with const. fluxes

treat left and right mover independentl
Double Field Theory = g P y

» 2D independent coordinates

Questions about DF Ty, w

» What are the covariant objects?
» Does it make non-abelian duality manifest? not trivial
» How is it connected to DFT?

String geometry
ooe



WZW model & Kac¢-Moody algebra witen, 193,waiton, 1999]
» g € G, a compact simply connected Lie group

1
2mwo!

SWZW =

/M d’zK(g~'0g,97'dg) + Swz(g)

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 -
Swaw = 5 / d°zK(g~"0g.97'09) + Swz(9)
T M

» metric and 3-form flux in flat indices
Nab = ’C(taa tb) and Fabc = K([tah tb]: tc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)

2 .o 2 4=
K(9gg',t;) and Jé(Z):—J’C(Q 99, tz)

Oé/

Ja(2)

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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WZW model & Kaé-Moody algebra [Witten, 1983,Walton, 1999]

» g € G, a compact simply connected Lie group
1 -
Swaw = 5 / d°zK(g~"0g.97'09) + Swz(9)
T M

» metric and 3-form flux in flat indices
Nab = ’C(taa tb) and Fabc = K([tah tb]: tc)

» D chiral and D anti-chiral Noether currents (=2D indep. currents)
. 2 1 o 2 1=
ja(2) = SK(0gg ™" ta) and fa(2) = ——K(g'9g. 1)

» radial quantization

N o 1 1 .
Ja(2)jp(w) = T2(z- W)277ab + 2 WFabC./c(Z) +...

DFTwzw from CSFT
@0000000000




Action

» tree level action in CSFT [zwiebacn, 1993]

(2k%)S = s <<\uyco—o|\u> + %{w,w, Vo + .. >

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Action
» tree level action in CSFT [zwiebacn, 1993]

2

(2k%)S = = (<\UCO‘Q\\IJ> + %{w,w, Vo + .. >

» string field for massless excitations [Hui and zwiebach, 2009)

/ -
v =3 [%eab(ﬂ)ja_1j5_1c1 & + e(R)cic_1 + B(R)CiC_1+
R

/ —
%(fa(R)CJCdaq + fb(R)C(TEUBq)} |Pw)

» R is highest weight of g x g representation

DFTwzw from CSFT
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Action

» tree level action in CSFT [zwiebacn, 1993]
o 2 _ 1
(2k°)S = ~ (Vig, Q\\IJ>+§{\II,\I/,\IJ}0+...

» string field for massless excitations [Hui and zwiebach, 2009)

/ -
v =3 [%eab(ﬂ)ja_1j5_1c1 & + e(R)cic_1 + B(R)CiC_1+
R

/ —
%(fa(R)CJCdaq + fb(R)C(TEUBq)} |Pw)

» R is highest weight of g x g representation
» BRST operator (L, from Sugawara construction)

Q= Z( C_mlm: +% : C,mL‘(,Jnh :) 4+ anti-chiral
m

DFTwzw from CSFT
0O@000000000



Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra

geometry

Lol¢r) = hrlér)
Jaol®R)

lja0, jbo] = Fablco

> e(R)|¢r)
R

SUGRA & DFT String geometry

D2D?Yg(x") = hgYa(x')
DaY(x')
[Da7 Db] = FabCDc

S e(R) Ya(x') := e(x)

R

DFTwzw from CSFT Applications
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Geometric representation of primary fields (k — ~)

> flat derivative |D,=e.0; with e, =K(g '9'g, t.)

operator algebra

geometry

Lol¢r) = hrlér)
Jaol®R)
lja0:Jbo] = Fab’ico

" e(R)|én)

R

e 0
E, =72 -
A <0 ea')

SUGRA & DFT String geometry

D2D?Yg(x") = hgYa(x')
DaY(x')
[Da7 Db] = FabCDc

S e(R) Ya(x') := e(x)

R

g = (ﬁab 0 ) nAg = <77.ab 0 )
0 7z 0 —ngp

DFTwzw from CSFT Applications Summary
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Weak constraint (level matching)

» level matched string field (Lg — Lo)|V) = 0 requires
(DaD? — D;D?)- =0 with - € {e® e &, 2, b}
> rewritten in terms of 8 and Dy = (Da D)

"BDaDg- = DAD*- =0 compare with omoM. =0

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Weak constraint (level matching)

» level matched string field (Lg — Lo)|V) = 0 requires

(DaD? — DaD?)- =0 with - € {2, e, &, 13, 0}
> rewritten in terms of 8 and Dy = (Da D)

"BDaDg- = DAD* =0  compare with  9ydM- =0
» change to curved indices using E4V

(O™ —20ydoM). =0 with  d=o-— % 109 /g

» additional term which is absent in DFT — adsorb in cov. derivative

VoM. =0| with VyVN=oyVN +TiMVE, M = —20kd

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Results (leading order k—1)
» calculate quadratic and cubic string functions
» integrate out auxiliary fields f@ and fb

» perform field redefinition

(2k%)S = / d?PXVH H%Deah

1

*ZGaB(
1 Face,:"_

12 €abfedef T - }

FacdDéedbecé + FbEaDeeadeeé)

» additional terms e.g. potential

» vanish in abelian limit Fzpc — 0 and Fzzz — 0

DFTwzw from CSFT Applications

SUGRA & DFT String geometry
00008000000 000
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Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Gauge transformations

» tree level gauge transformation in CSFT (zwiebach, 193]
oA[W) = QIA) + [A Vo + - -

» string field for gauge parameter (Hui and zwiebach, 2009]

N = 3 [N (RYarer — o X(RYs &+ u(R)G; |Iom)
R

» after field redefinition and p gauge fixing
1
5)\6515 :D[))\a + = [Da)\CEC[, - DCAaECB + /\CDCEaB—‘rFaCd)\CEdB]

2
1 _ _ _ S
Da)‘B + E [DB)\Ceaa — DC)‘BEac_: + )\EDCEaB"’FBad)‘CEaE/]
1 1 1 1
6)\d - — ZDa)\a + é)\aDad - ZDQ)\a + é)\éDad

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Generalized Lie derivative

» “doubled” version of fluctuations ¢

_ab -
AB _ ( o (e) ) with e — (¢T)ba
—€

» generate generalized metric

1
HAB =SB L AB EeACSCDeDB + .- = exp("B)

with the defining property HACycpH PP = AP

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Generalized Lie derivative

» “doubled” version of fluctuations ¢

_ab = _
AB _ ( o (e) ) with e — (¢T)ba
—€

» generate generalized metric

1
HAB =SB L AB EeACSCDeDB + .- = exp("B)

with the defining property HACycpH PP = AP
» generalized Lie derivative
L\HAB = XDHAB + (D*A¢ — DeX*)eB+

(DBAG — DeABYHAC + FAcpACHPE 4 FB prCAD

DFTwzw from CSFT
00000080000



» setting 6, S*8 := 0 and using

(5,\6AB = (ﬁ,\SAB + ﬁ)\EAB + ﬁ,\S(ACsB)DGCD) .

N —

]
resultsin | Oy HAP = Eﬁ,\HAB + O(?)

DFTwzw from CSFT
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» setting 6, S*8 := 0 and using

(5,\6AB = (ﬁ,\SAB + ﬁ)\EAB + ﬁ,\S(ACsB)DGCD) .

N —

]
resultsin | Oy HAP = Eﬁ,\HAB + O(?)

» introduce covariant derivative

’
VaVEB =D,V + §FBACVC

DFTwzw from CSFT
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» setting 6, S*8 := 0 and using

(5,\6AB = (ﬁ,\SAB + ﬁ)\EAB + ﬁ,\S(ACsB)DGCD) .

N —

]
resultsin | Oy HAP = Eﬁ,\HAB + O(?)

» introduce covariant derivative
~—— Kac-Moody structure coeff.
B g, 1 c
VaVP =DpVP + 3V Fop®
Fag® = ¢ Fs°
0 otherwise

DFTwzw from CSFT
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» setting 6, S*8 := 0 and using

(5,\6AB = (ﬁ,\SAB + ﬁ)\EAB + ﬁ,\S(ACsB)DGCD) .

N —

]
resultsin | Oy HAP = Eﬁ,\HAB + O(?)

» introduce covariant derivative
~—— Kac-Moody structure coeff.

1
B _ B c

VaVB = DuVE + 3v Fe

Fag® = ¢ Fs°

» generalized Lie derivative of a vector 0 otherwise

LAVA =XV VA + (VAN — Ve Ve

DFTwzw from CSFT
0O000000e000



Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and p fixing A, = 2[\2, \1]& with

’
M, A2]a = ABvpag — EA?VA)\ZB —(1+2)

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Gauge algebra

» CSFT to cubic order fulfills
OO, — On 0N, = Ony, with A2 = [A2, Ao

> after field redefinition and p fixing A, = 2[\2, \1]& with

1
1 delG = ATV — SATVANa5 — (14 2)

» algebra closes up to a trivial gauge transformation if

1. fluctuations and parameter fulfill strong constraint DaD”-

2. background fulfills closure constraint (CC)
FeasFEcp =0

» no strong constraint required for background

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Covariant derivative

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

A T, D_2r Ef D
T"pc = — 3 F"gc and Rapc™ = 9 Fag~Fec
SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Covariant derivative

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 P
TAgc = —§FABC and  Ragc® = §FABEFECD

» compatible with E4, nag and Ssg

VeEn' = Venas = VeSas =0

SUGRA & DFT String geometry DFTwzw from CSFT Applications
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Covariant derivative

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 2
T"gc = —gFABc and  Ragc” = §FABEFECD
» compatible with E4, nag and Ssg

VeEd = Venas =VcSas =0
» compatible with partial integration

/ a?PXe 2 Uvy VM = - / a?PXe 24V UV

DFTwzw from CSFT
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Covariant derivative

» non-vanishing torsion and Riemann curvature

[Va, VBV = Ragc®Vp — TPagVp Ve  with

1 2
T"gc = —gFABc and  Ragc” = §FABEFECD
» compatible with E4, nag and Ssg

VeEd = Venas =VcSas =0
» compatible with partial integration

/ d?PXe 2Uvy VM = — / d?PXe-2vuvM
» non-vanishing generalized torsion

DFTwzw from CSFT
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Comparison DFT and DF Ty w

DFT DFTwzw
background | torus group manifold
SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Comparison DFT and DF Ty w

DFT DFTwzw
background | torus group manifold
WC/SC | g0M. VoM.
SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Comparison DFT and DF Ty w

DFT DFTwzw
background | torus group manifold
WG /SC | g,,0M. VoM.
LV = | MoV (0 — VY | WYV (VI — VAV
s dele = | W,a,0) — 3300 M VoM = SNV g
SUGRA & DFT

String geometry

DFTwzw from CSFT Applications Summary
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Comparison DFT and DF Ty w

DFT DFTwzw
background | torus group manifold
WC/SC | g,,0M. YL
LAVI= 1 MoVl 4 (0 — aa )V | MV V! (VI — VAV
s dele = | W, 000y — SN0 NADVIES ALY
closure | SC fluctuations SC

background CC
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Comparison DFT and DF Ty w

DFT DFTwzw
background | torus group manifold
WC/SC | g,,0M. YL
LAVI= 1 MoVl 4 (0 — aa )V | MV V! (VI — VAV
s dele = | W, 000y — SN0 NADVIES ALY
closure | SC fluctuations SC

background CC

\_/

abelian limit

DFTwzw from CSFT
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Reminder: Generalized Scherk-Schwarz compactification

@Theory <

matching Double Field Theory }—
’g amplitudes
= A
(@)
S @G » Scherk-Schwarz
= » strong-constraint | =
c 3 R E=
8 X 4 » closure constraint | S
3o} = 7
O - % i
= 5 group manifold
Q
£ =
Iz 2
Y
|D— d SUGRA vacuum
. eom
embedding tensor

SUGRA & DFT String geometry DFTwzw from CSFT Applications Summary
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Embedding tensor

| 1D ‘ Mo/ cos o ;ﬂ””‘/ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1,1) diag(1,1,1,1) |- <a <% @, a7 %,
S0@3), a=1.
2 diag(1,1,1, —1) diag(1,1,1,—-1) T <oz} SO(3,1)
’ - 2,2), I,

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

» fluxes for embedding one

Fabe = V2eapc(cosa+sina) and  Fyupr = V2eap0(COS a — sin Q)
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Embedding tensor

| 1D ‘ Mo/ cos o ;ﬂ””‘/’ sin o range of « | gauging |
SO(4) , z,
1| diag(1,1,1.1) diag(1,1,1,1) |- <a <% ), a7 3
S0@3E), a=1%.
2 diag(1.1,1, 1) diag(l,1,1,-1) | -f <a <% SO(3,1)
’ - 2,2), I,
NG \\L/\L/VW\//

[Dibitetto, Fernandez-Melgarejo, Marques, and Roest, 2012]

» fluxes for embedding one
Fabe = V2eapc(cosa+sina) and  Fyupr = V2eap0(COS a — sin Q)
» DFT strong constraint holds only for

FABCFABC:24Sin(2a) =0 —-Sa= gn nez

» closure constraint holds always

Applications
oeo



The landscape again

g )

backgrounds
with fluxes

QFTWZW
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Summary

extended flat space C torus - group manifold
decomp. limit l abelian limit l
SUGRA C DFT ? DFTwzw
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extended flat space C torus - group manifold
decomp. limit l abelian limit l
SUGRA - DFT - DFTwzw

» covariant instead of partial derivative # [Cederwall, 2014]

» only closure constraint for background — string geometry

Todo

v

action in terms of generalized metric like gauge transformations

v

loop amplitudes like torus partition function

v

non-abelian duality, coset and orbifold CFTs

o' corrections (here k_2, k_s, .. ) [Hohm, Siegel, and Zwiebach, 2013]

v

v

phenomenology of non-geometric backgrounds Hassier, Lust, and Massai, 2014]
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Thank you for your attention. Are there any questions?
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