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Non-geometry

General notion

» String theory has more symmetries than point particles
— in particular: T-duality

[ What does this mean geometrically? J

More concrete
» Structure group includes O(d, d)
transformations [pabholkar, Hull: 2005]

[Hellerman, McGreevy, Williams: 2002] ‘ 1/R R
» Target space not a manifold anymore

» Still consistent string backgrounds

[Hull: 2004]

P. Patalong, MPI for Physics, Muni
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Non-geometry

Features of non-geometry

» Non-trivial monodromies
~ “target space with ill-defined fields”

» Non-commutativity, non-associativity

» Constructions with no straightforward target space
interpretation (T-folds, etc.)

Examples
1. T-dual of a geometric background

2. Asymmetric orbifold

P. Patalong, MPI for Physics, Munich



Example 1: Torus with H-flux

Construction
» T2 fibration over S, coordinates X1, X2 and X3
» Linear b-field with Hyjo3 =1

1 00 0 X3 o0
g=1l010|, b=|-x* 0 0
0 01 0O 0 O
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Example 1: Torus with H-flux

Construction
» T2 fibration over S, coordinates X1, X2 and X3
» Linear b-field with Hyjo3 =1

1 00 0 X3 o0
g=1l010|, b=|-x* 0 0
0 01 0O 0 O

» X3 — X3 + 1 induces b-field gauge transformation, model
globally well-defined

P. Patalong, MPI for Physics, Munich



Example 1: Torus with H-flux

Non-geometric frame

» Perform two T-dualities in the isometry directions of X!, X?

10 0 0 —-x3o0
E= 1|0 0 » PT oy | X000
0 0 1+(X3)? 0 0 0
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Non-geometric fluxes in higher dimensions

Example 1: Torus with H-flux

Non-geometric frame
» Perform two T-dualities in the isometry directions of X!, X?

10 0 0 —-x3o0
-1 p—_ 1 3
g—1+(x3>2 01 0 ) = 1100 X3 0 o0

0 0 1+(X3)? 0 0 0

» X3 — X3 + 1 cannot be patched by diffeomorphism or gauge
transformation
— fields globally ill-defined

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions

Example 1: Non-commutativity and non-associativity

Target space?
» Investigate monodromies of complex structure 7 and Kahler
parameter p

» Expect non-commutativity for this background:
|:)<17 X2] ~ N3

[List: 2010] [Andriot, Larfors, Liist, Patalong: to appear]
» Similar to open string case (seiberg, Witten: 1999]

» After a third (formal) T-duality, expect non-associativity
[[X, X?], X3] + perm. # 0

[Blumenhagen, Deser, Liist, Plauschinn, Rennecke: 2011]

P. Patalong, MPI for Physics, Munich



Example 2: Asymmetric orbifold

[Condeescu, Florakis, Liist: 2012]
» Twisted three-torus, freely acting Z4 orbifold

» Asymmetric boundary conditions on Z ~ X1 4 iX?:

Z/(r,0 +21) = ™7, (1,0)
Zr(,0 +21) = e 2™ 75(7, 0)

» Induced by transformation of the Kahler parameter
p(X3) = —p(X*) 7

that is a non-trivial element of the T-duality group

» Non-commutative coordinates

[X!, X?] =i©(0, N*) # 0

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

Non-geometric fluxes: 4 dimensions

Non-geometric flux compactification

> In gauged Supergravity: [Shelton, Taylor, Wecht: 2006]
[237 Zb] = HachC + fcach
[Z2, XP] = —FPac X + Q. Z
[Xa,Xb] _ Qcach + RachC
» T-duality chain: Hape — fPoc — Q.2 — R2bc
Phenomenological impact

» Moduli leIng [Micu, Palti, Tasinato: 2007]

» De Sltter VAaCUua [de Carlos, Guarino, Moreno: 2009]

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

Non-geometric fluxes: higher dimensions

Main idea
» Use generalised complex geometry
» T-duality group O(D, D) is structure group of TM @ T*M
» Metric g and b-field b embedded in one object H
» Convenient framework in type Il flux compactifications

» Courant bracket for generalised vectors and basis
Ea = {e,, €7} to define algebra

[Ea,E8] = FC aBEc

» Non-geometric fluxes are components of structure
coefficients

[Grafa, Minasian, Petrini, Waldram: 2008]

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions

Non-geometric fluxes: higher dimensions

Refined investigation
» Turn TM @ T*M into a Courant algebroid with

[[eaa eb]] = Habe e+ —Fcab €c
[[eay eb]] = _Fbac e + Qabc €c

[[ea’eb]] _ Qcab e€ + Rabc ec

» Recover algebraic structure from 4 dimensions

[Blumenhagen, Deser, Plauschinn, Rennecke: 2012]

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

Central questions

Connection between the two central ideas?

[ Non—geometry] PN [ Non-geometric fluxes]

Embed these ideas into a theory?

» Supergravity, double field theory, generalised geometry,
doubled worldsheet theories, T-folds, matrix models, ...

P. Patalong, MPI for Physics, Munich
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Our approach

What?
» Introduce non-geometric fluxes manifestly

» Relate them to the algebraic structures shown before

How?
» Central object in non-geometry: bivector 8
» Perform field redefinition to reveal

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions

Supergravity: Procedure

~ ~ ~

(£.b.8) ~ £(2.5.9)
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Supergravity: Procedure

~ ~ ~

(£.b.8) ~ £(2.5.9)

Where is 37
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Supergravity: Procedure

Where is 37
» Inspiration from generalised geometry: use generalised
metric
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Non-geometric fluxes in higher dimensions

Supergravity: Procedure

Where is 37
» Inspiration from generalised geometry: use generalised
metric
g —bg1h bg!
HogTe— [E7PETD bE
7@‘71[) é_fl
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Supergravity: Field redefinition

» Read off transformation rules

@'+pletEt -t
—(E T+ /) BE T -h)

g
b=

P. Patalong, MPI for Physics, Munich



Supergravity: Field redefinition

» Read off transformation rules

@'+p) et e 1—5)‘1
—(g t+ /)BT - B!

» Recognise nasty inverse, nevertheless plug into

g
b=

N 2 ~ N 1 A
£ = gl (R o+ 4002 - 517
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Supergravity: Field redefinition

» Read off transformation rules

@'+p) et e 1—5)‘1
—(g t+ /)BT - B!

» Recognise nasty inverse, nevertheless plug into

g
b=

N 2 ~ N 1 A
£ = gl (R o+ 4002 - 517

» Lots of work...

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions
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Non-geometric fluxes in higher dimensions
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Non-geometric fluxes in higher dimensions

R - RIAOF 5440l 2= qﬂ(g?kg'g# A T ;g”qgsmgk">
1 ~kme~ -1 vu
L - &8 (G )uyOmEpg0iG
_g”qakﬁpka"fig "TS/”??; )Baﬂ GPoG™
4 uv
. +2g gpq(”k& gm, Pg§ g ) pgOkOm qu
“:I|2 :*gpfpf’/gﬂ@ 5152%@¢§ %gipkj/@(/(gfgﬁ grs km /vckgrs

wag "G G B e (6 >,sakgv,)
gflgzaga(](qé<2ﬁg(m€3@ 1%3;@%&3@2%) (gplngqmz + (Geil)cm
1 i - _ _ _ .
~ Om G0 G S E ™ (2(6 ) (6 )gp + 5(6 e (G + &

P. Patalong, MPI for Physics, Munich




Supergravity: Result

» Magic cancellations! Reveal non-geometric fluxes

» Ay oy 1 1
£ =e/g] <R+4]a¢>\2—20|2—2R|Q +>
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Supergravity: Result

» Magic cancellations! Reveal non-geometric fluxes
~ R o 1 1
L=e%/g| <R+4]8¢>\2—2Q|2—2R|2+...>

with fluxes
men _ ap/gmn ’ RMp _ 3Bk[mvk5np]

» Contact with 4d: dimensional reduction

Vo~o2pt, Vy~o2p3, Vo~o?p

[Hertzberg, Kachru, Taylor, Tegmark: 2007]

P. Patalong, MPI for Physics, Munich



Supergravity: Result

Tame non-geometry?
» Total derivative is important

A A A ~

L(g,b,¢) = L(&,5.9)
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Supergravity: Result

Tame non-geometry?
» Total derivative is important

A A A ~

L£(&,b,) = L(g,5,¢) + (total derivative)

» For problematic monodromies

~

ill-defined 2,b —  well-defined &, 3

» Costs: total derivative becomes ill-defined

» Prescription: drop the total derivative, take £ as the correct
theory

P. Patalong, MPI for Physics, Munich



Supergravity: Problem

. . N an 1 1
L=e2/|g| <R+4|a¢>|2 - 5|Q|2 — 2|R|2+...>

men _ apﬂ"mn 7 R™nP _ 3Bk[mvk5np]
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Supergravity: Problem

. o« iy 1 1
L =e2%\/|g| <7?, + 4]00* — 5\0\2 - §\R\2+ . )

Q" = 8pBm™, R = 3Ky, 5Pl
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Supergravity: Problem

A 26 1= 5 ~T 1 1
L =e2%\/|g| <R+4(,o2 — 5\0\2 - 2R2+...>

men _ ap[)’;mn . R™MMP — 3’§k|mvk’;}np]

» Not all terms identified
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Supergravity: Problem

. ey oo 1 1
L =e2%\/|g| <R + 4]00* — 5\0\2 - E\R\2+ . )

men _ ap[)’;mn . R™MMP — 3’§k|mvk’;}np]

» Not all terms identified

» @ not a tensor
— Must be part of R, entering like torsion

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

Can we do better?

Try to find a geometric interpretation for non-geometric Q-flux!

( Maybe double field theory can help? |

» Manifestly T-duality invariant theory
» Central object: generalised metric H

» Doubled number of coordinates: (x,X)
— new geometric possibilities

Strategy
» Perform field redefinition on the DFT action

» Find @ as connection, R as tensor

P. Patalong, MPI for Physics, Munich




DFT: Field redefinition 1

» Step 1: Relation from the supergravity context
EX)= (87" +5) (x,%) = (g +b) ' (x,%) = EHX)

Problematic inverse!
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DFT: Field redefinition 1

» Step 1: Relation from the supergravity context

EX)= (&7 +8) (x,%) = (g +b) 7 (x,%) = ETHX)

Problematic inverse!
» Step 2: T-duality in Double Field Theory

E'(X) = (aE(X) + b)(cEX)+d) 1, X =hX

with

h= (a :) e O(D,D) and X = (x,%)

P. Patalong, MPI for Physics, Munich



DFT: Field redefinition 2

» Special case: T-duality in all directions

h= (0 “) = &'(%,x) = EYx,%)
1 0

P. Patalong, MPI for Physics, Munich



DFT: Field redefinition 2

» Special case: T-duality in all directions
h= (0 “) = &(%,x) = EHx,%)
10
» Step 3: Compare
(71 +8) (x,%) =E(x,%) = E'(%,x) = (g' + V) (%,x)
Rules for the field redefinition

glg)gils bl%ﬁ: (?i(_’al
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DFT: Field redefinition 2

» Special case: T-duality in all directions

h= (0 “) = &'(%,x) = EYx,%)
1 0

v

Step 3: Compare
(gil + /8) (x, %) = g(x,)"() = 5'()"(7)() = (g, + b/) (%, x)

Rules for the field redefinition

glg)gils bl%ﬁ: (?i(_’al

» Each term of Sper (&, d) is invariant separately

2d

» Dilaton density e7<¢ remains unchanged

P. Patalong, MPI for Physics, Munich



DFT: Field redefinition 3

Effectively: Simply invert all indices! No calculation at all!
—2d 1 ik _jl _pq N D
€ [ 2 —8 8 8 (ngkl Dqg,'j - D,-S,pDJ-Skq - D,'Sp/ Dj£qk>
+ gikgj/ (D;d 'ﬁjgk/ + 'D,'d nglk) + 4gijD;d Djd ]
l

eizd[ - g:kgjlgpq

+ Gik&ji (D d

P. Patalong, MPI for Physics, Munich
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Geometric interpretation of non-geometric fluxes

Where are the non-geometric fluxes?
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Non-geometric fluxes in higher dimensions

Geometric interpretation of non-geometric fluxes

Where are the non-geometric fluxes?
» Guideline: gauge symmetry of DFT, parametrised
by &M = (&, ¢")
» Covariantise action with respect to only the ¢ gauge
transformations
» “Covariant” means
0cA = LA

» Strategy: rewrite the action in terms of covariant objects

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

New objects

» Introduce a new derivative
AP R i~
D":= 0" —pY0;
» Define covariant derivative for vectors
Vivii=Divi T iyk
with new connection

e P
M =T + gk/gp('QpJ)I*EQkU

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions

New objects

» Introduce a new derivative
D" := 0" —pY0;
» Define covariant derivative for vectors
Vivii=Divi T iyk
with new connection
Fii_ il pip Lo i
M’ =T + gugh' Qp *EQk

» Define new Riemann tensor and scalar curvature

P. Patalong, MPI for Physics, Munich



DFT: Rewritten action

Sprr = ded? 2] e [R+R —R’JkR,Jk

4(0¢)* +4(D'¢ + T’)z]

» Q-flux hidden in R as part of connection
— Similar to geometric flux f

» R-flux appears as tensor like H-flux did before

P. Patalong, MPI for Physics, Munich



DFT: Rewritten action

- - 1 B
Sprr = J dxdx \g]e_2¢[R+R—ER’JkR,-jk
+ 4(0¢)? +4(D"¢3+T")2]

» Q-flux hidden in R as part of connection
— Similar to geometric flux f

» R-flux appears as tensor like H-flux did before

[Geometric interpretation for non-geometric quxes]

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions

Connection to the literature

Formalism matches nicely with recent results:

» R-flux expression in Scherk-Schwarz reductions of DFT

[Aldazabal, Baron, Marques, Nunez: 2011][Geissbiihler: 2011]
Rik — 3 (a[’ﬁjk] + 5P['§p5ﬂ<]>
> Bial’lchi |dent|ty [Blumenhagen, Deser, Plauschinn, Rennecke: 2012]
Glipikl _ g

— Recover algebraic structure known before

P. Patalong, MPI for Physics, Munich



Non-geometric fluxes in higher dimensions
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Non-geometric fluxes in higher dimensions

Connection to supergravity

DFT gu field redefinition DFT (c:"U
3'=0 3'=0
10D supergravity field redefinition 10D supergravity

(¢,8.b) (6, 8)

P. Patalong, MPI for Physics, Munich
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Non-geometric fluxes in higher dimensions

Summary

» Non-geometric fluxes can be made visible in supergravity
and DFT.

» The appearance of non-geometry is connected to the
appearance of non-geometric fluxes.

» DFT allows for a geometric interpretation of non-geometric
fluxes.

Patalong, MPI for Physics, Munic




Outlook

» Connection to doubled worldsheets? (SGN's talk on Friday)

[Groot Nibbelink, Patalong: 2012]

» Connection to supergravity as generalised geometry?
[Coimbra, Strickland-Constable, Waldram: 2011]

» String theory on a Courant algebroid?

Patalong, MPI for Physics, Munic



