UNIVERSITY OF

OXFORD

Aspects of
non-geometric
compactifications

Magdalena Larfors

Aspects of non-geometric compactifications

Magdalena Larfors
University of Oxford

Munich 21.11.2012

D. Andriot, M. L., D. Liist, P. Patalong (1106.4015, 1211.XXXX),
D. Andriot, O. Hohm, M. L., D. Liist, P. Patalong (1202.3060, 1204.1979),



UNIVERSITY OF

OXFORD

Aspects of
non-geometric
compactifications

Magdalena Larfors

Motivation and
summary

Motivation and summary: Why non-geometry?

Because it's there.

®)

bl “

(universe-review.ca)

Strings see geometry differently from particles.

o T-duality
@ Non-geometric configurations
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Motivation and summary: Why non-geometry?

Because it's interesting.

String compactifications to 4D

Standard fluxes don't give all 4D supergravities.
Many no-go's for 4D de Sitter solutions.

“Non-geometric fluxes” Q, R: more gaugings; avoids no-go’s.

Can 4D non-geometric solutions be given a 10D description?
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Motivation and summary: Why non-geometry?

Because it's interesting.

String compactifications to 4D

Standard fluxes don't give all 4D supergravities.
Many no-go's for 4D de Sitter solutions.

“Non-geometric fluxes” Q, R: more gaugings; avoids no-go’s.
Can 4D non-geometric solutions be given a 10D description?

Proposal: 10D field redefinition = non-geometric flux in 10D.
New field basis: dimensional reduction possible.

Focus: NSNS-sector (g, ¢, B).
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Motivation and summary: Why non-geometry?

Because it's interesting.

String compactifications to 4D

Standard fluxes don't give all 4D supergravities.
Many no-go's for 4D de Sitter solutions.

“Non-geometric fluxes” Q, R: more gaugings; avoids no-go’s.
Can 4D non-geometric solutions be given a 10D description?

Proposal: 10D field redefinition = non-geometric flux in 10D.
New field basis: dimensional reduction possible.

Focus: NSNS-sector (g, ¢, B).

Non-commutativity

Q-flux = Closed string non-commutativity?
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Background: Non-geometry in 10D

T—fO'dS etc. Hull:04, Hellerman et. al:02, Flourney et. al:04, ...

e Locally geometric
o Global non-geometry: stringy transition functions

e T-fold: g, B patched by T-duality

0= 27TRU (Moutsopoulos: PhD thesis 2008)



Background: Non-geometry in 4D
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Shelton—Taylor—Wecht:05

asbectelol Flux compactification ~~ 4D gauged supergravity.

non-geometric
TG Many more 4D gaugings than NSNS fluxes!

Magdalena Larfors

Require T-duality covariance

Background ~ | non-geometric fluxes Q, R. |

T-duality chain

Habc L’ 7‘-abc E’ Qcab L’ Rabc

f?be metric flux: de® = —%f"bceb A e,

10D origin for @, R?
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Field redefinition

Field redefinition ALLP:11, AHLLP:12

See also: Blumenhagen et al:12 (talk by E. Plauschinn)

Find 10D description for @, R through a field redefinition.

e2dﬁN5N5 = R(g) a4 4(3(15)2 = 1—12H,'ij'jk

Field redefinition (using GG/DFT)

@r+p)t=ETt=E=g+b
[gle2¢ = &2 = /Jgle2

(: antisymmetric bi-vector ™"

e2d£ﬁnal = R(é’) + 4(D¢3)2 — %Riij,'jk + (Q terms)
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Field redefinition

Why would this work?

Doubling the geometry

Transition functions € structure group of tangent bundle.

O(d, d) transition function — 2d-dim gen. tangent bundle.
@ Doubled geometry Hull:04,...

o Generalized geometry Hitchin:02, Gualtieri:04, ...

Generalized metric:

HMN _ (gij — big"'by b;kgkj) _ < 8ij —Eufl )
—g™* by g’ B*g &Y — B*guBY

H = ETThE .

Field redefinition: choice of generalized vielbeine.
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Field redefinition

GG: [ and non-geometry Graia-Minasian-Petrini-Waldram:08

See also: Grange—Schafer-Nameki:06,07, Ellwood:06, Halmagyi:08,09

Globally consistent field basis:
o Standard geometric description: g, B, ¢.
o Locally, can always transform E — KE; KTIhgK = Loy

@ Transformation not globally defined — non-geometric set-up.




Field redefinition
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Aspects of

c;'.ﬁ';ff-.)f'i'litarf..s field redef. =formal T—d. 5
Lprr(€,d) Lorr(E,d)

Magdalena Larfors

0=0 3=0

Lsns (g, b, d)(x) + () = FLEL = £ 1(8,8,d)(x) +a(..)

Motivation and
summary

eld redefinition

Geometry of Q, R

Double Field Theory Hull, Zwiebach:08,Hohm, H, Z:10, ...

@ Complement coordinates x’ with their duals X;.

Non-commutativity

Conclusions

@ Strong constraint: 0;A OB+ 0A0B=0
® LopFr|,_ = e 2?\/|g| (R + 4(0¢)* — & HjH) + o(...)

@ Sprr[€,d] is O(d, d) invariant.




Field redefinition

Result of DFT rewriting

. = 1
¢’ Lorr(& 8, d) = R(E) +4(09)° + 4(Dd)” — —R™ R
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Aspects of 1 1
- tril ~ kI ij ~ / k ~ i j
compactifications — 7 8nEiE QR QY — 58pa Q” Q" — & Q" Q”
Magdalena Larfors — Zgu DiQkkj — ZDlé'U Qkkj — é'j/g'pq lep Djékq
otivatio N Y 1. P =kl G = if i = Ip Ay =k
T”..,.T,'.V.l.“y o - D'Dg; — Zgikgj/gpq(ng DIg" —2D'gPD ") .
Background
Field redefinition
Geometry of Q, R o ~ i ikl i ”
) — 1 !
Rik = 3plighl ., 3prlig,pi

Non-commutativity

Conclusions

ank = amﬂnk - amﬁnk

D o' —pig; — —pig;

e Lppr(g,B,d) — R(E)+4(00)? — 1zugig™ QM QY

whené:O,ﬂUajzo, 087 =




Geometry of Q, R
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Geometric interpretation of new fluxes? J
Magdalena Larfors
Geometric fluxes Non-geometric fluxes
© Hij tensor o Rk tensor?
Geometry of @, R ] fijk ~ connection Y Qkij ~ dual connection?

Strategy

Make x diffeomorphism invariance manifest in Sprr




Geometry of Q, R
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OXFORD g covariant:  Agg; = (0 — Le)g; =0
Aspects of B non-cov.: Agﬂu B a’ff _ aJé"

non-geometric

compactifications d) Scalar: A§¢ = O

Magdalena Larfors

Motivation and

(07¢) non-cov.: Ag(0'P) = 0'¢ —Fe — |Ag(D'g)=0
Similarily A¢RIK =0

Geometry of Q, R

Non-commutativity

Conclusions D': covariant derivative for scalar
Construct covariant derivative for other tensors!

ViVi = DIVI-T vk metricity + [V, V]¢ = —R¥*0é

~

= [[J = |"'kij_|_gklgp(iij)l_% R
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Dual Riemann tensor: [VI,VJ] Vi = —RPY, Vi + RV,

Manifest diffeomorphism invariant action:

Geometry of Q, R

g ~ 1 .. ~ ~ .~ .
JdXd’? 8172 [R+ R — SRRy +4(29)* + 4(D'6 + T)’]
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Magdalena Larfors NeW tOI’SIOI’] TI — rkkl
Dual Riemann tensor: [VI,VJ] Vi = —RPY, Vi + RV,

Manifest diffeomorphism invariant action:

Geometry of Q, R

ded)? Es [R—I—R 12R’JkR,Jk+4(8¢) +4(D’¢+T’)]
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Geometry of Q, R

Result

Geometric fluxes Non-geometric fluxes
@ Hjj tensor o Rik tensor
@ f'j ~ connection o Q¥ ~ dual connection

In general case: DFT needed for geometric interpretation. |

Comparison with 4D

Global non-geometry (T-fold) — local @, R terms.
= Standard flux compactification possible:
expected 4D gaugings reproduced v
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Open string Seiberg, Witten:99; also Chu, Ho:98, Schomerus:99,...

Aspects of
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compactifications String ending on fluxed D-brane:

Magdalena Larfors

[X™(7,0%), X"(T,0*)]open = 0™

mn
B f=o mn __ 1 1
open string metric: G™ = (7g+2m,8gg772m,3)
mn
. mn _ N2 1 1
non-com. parameter: 0™ = —(27a) <7g+2ﬂ'a’387g—27ra’8)

Non-commutativity

Non-geometric closed string

. . mn
redefined metric: g™ = ﬁgﬁ)
1 . _ 1 1 mn
B field: B = @bﬂ)
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non-geometric

compactifications [[Xm(’r, 0_)7 X"(T, 0_)]7 Xk (7_7 J)]Closed + (CyCliC) ~ Rmnk

Magdalena Larfors

Blumenhagen et al:10,11, Mylonas et al:12

Closed string non-commutativity

Examples found Liist:10, Condeescu et al:12, Saemann, Szabo:12
RSB Co At also Mathai et al:00, 04, 07, Mylonas et al:12
(talk by P. Schupp)

Conjecture

[Xm(T7 J)v Xn(Ta U/)]closed m l§ kan(X)ka AHLLP:12
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Non-commutativity

Closed string non-commutativity

Conjecture

[X™(r,0), X" (1,0 )]closeda—’l§Qk "(X )ka AHLLP:12

Commutators through T-duality ALLP work in progress

§s 420 (Gmn(X) 7P + Bn(X) €*F) 0a X ™5 X"

5_

47ra’

Geometric background

Non-geometric background

Xm=ym
Canonical commutators

[Y"(7,0), Y"(r,0")]

=0




Non-commutativity: Example

Kachru et. al:02, Lowe et. al:03

UNIVERSITY OF

OXFORD : : . .
String duality can relate geometric and non-geometric set-ups.
Aspects of
non-geometric . . n
compactifications ualities of a three-torus with flux Kachru et. al:02
Magdalena Larfors . .
Frame A: Square three-torus with B-field:
Motivation and 1 0 O 0 —z O
N ga=10 1 0| ,Ba={z 0 O0f,¢0a=09(2)
Background 0 0 1 0 0 0
Field redefinition
feamem et Frame B: Twisted three-torus, zero B-field:
Non-commutativity
_ 1 z 0
Conclusions gB = z 1 + 22 0 , BB =0 7¢B — ¢(Z)
0 0 1

Frame C:  Non-geometric set-up (T-fold):

oz 0 0 L (0 =0
gc=| 0 Ly 0|.Bc=1= |-z 0 0],
14z 1 SR 0 0 0
+ 2z




Non-commutativity

Closed string non-commutativity

Aspects of COnjeCtU re

non-geometric

compactifications [Xm(T, O—)7 X"(T7 UI)]closed ﬂ) [§ kan(X)ka AHLLP:12

Magdalena Larfors
Commutators through T-duality ALLP work in progress

@ Find solutions Y™ (7, 0) for geometric background G, B.

UNIVERSITY OF

OXFORD

M tion and

J @ Canonical quantization: commutators for modes.
Non-commutativity @ Determine Z™(7, ) through T-duality (on k):

Conclusions

aTzk = Gkkaa Yk + kaacr A BkmaT y”
aazk = Gkka‘r Yk + kaa‘l' ym + Bkmat‘f "
0-Z" =0 Y™, 0,Z"=0,Y".

e Compute [Z™(7,0),Z"(T,0")]
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Conjecture
[X™(1,0), X"(T,0")]closed —— i § Q™ (X)dX*  AHLLP:12

Commutators through T-duality ALLP work in progress
Non-commutativity

[ZY(7,0), Z2(r, 0")] Z=% — L NBQ
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Conclusions

Non-geometry

Field redefinition: non-geometric fluxes in 10D
Riik — 3D[i5jk] N 3ﬂp[fapﬁik]
ank — amﬁnk = amﬂnk
@ R tensor, Q part of connection (cf. H and f)
@ Dimensional reduction: matches 4D
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Conclusions

Field redefinition: non-geometric fluxes in 10D
Riik _ 3D[i5jk] _ 3ﬂp[fap5/'k]
ank = amﬁnk - amﬂnk
@ R tensor, Q part of connection (cf. H and f)

@ Dimensional reduction: matches 4D

Non-geometry and non-commutativity

Use T-duality:

[Xm(Tv U)v Xn(Ty UI)]closed ﬂ’ /§ kan(X)ka
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