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Motivation

* The String sigma-model is
1

2o’

S(G,B) =

/ d*z (Gab + Bab) 0X*9XP
>

— diffeomorphism-invariance e
— gauge invariance B — B + d§ geom

* non-geometric backgrounds: ?

geometries which require transformations beyond
Gseom to glue together local patches
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Motivation

Aim: clarify the structure of non-geometric backgrounds in
effective string theory by employing

— field redefinitions

— therelations between O(d,d)’s and Lie algebroids

see talks by
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Symmetries: gauge transformations

 The geometric construction above is very general:
anchor of Lie algebroid p: E — TM

(T Lid) ] plls D) = o). 00) [[(BS LD p)
G e T(S2T* M) |t G = @%*g 19 (S*E")
BEeT(A*T"M)) B = @%b b eT(A’EY)

Riemannian geometry
+ de Rahm cohomology

dE(X,Y) = X 0,6(Y) — Y 9,6(X)
o [Xv Y]
differentials are related via:
(®%" dpa)(X,Y) = d(p*a)(X,Y)
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Symmetries: gauge transformations

 The geometric construction above is very general:
anchor of Lie algebroid p: £ —TM

— geometry on (T M, |[-,],id) and on (E,[-,-], p)
translate via “anchoring”

* Inparticular @ (b + dpa) = B + d¢

— the “gauge invariant” analogue of H = dB is
© =dgb

— they are related as all other geometric objects:

@aﬁw — paapb6p67 Habc

Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

 effective actions:

1
Sen (G B) = ﬁ/ddm Gle (R — & Hape H*™ + 4046 0°9)
G = ®2 *
P g T
B — ®2p*b

- o a a
Ser(9:b) = ﬁ/d%\/!gHP e 2¢(R— 10ap, O +4Dy¢ D gb)

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

 effective actions:

54 (G, B) = 222 d’z\/|Gle™?? (R — £ Hope H*C + 40,0 0“¢)
[ G geom : diffeomorphisms
G = 2%"g - gauge transformations B — B + d¢§
B = ®%*b
ngf(g, b) ddx\/\?\ ‘6_2¢( 1—1260457 O 4 4 D, Do‘gb)
G eom : diffeomorphisms

gauge transformations b — b + dgra

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

 effective actions:

H =dB
1
d d —2 1 abc a

Set(G, B) = 55 [d'zV/|Gle ?(R— £lHpe H™ + 40,0 0%9)

G geom : diffeomorphisms
G = 2%"g - gauge transformations B — B + d¢§
B — ®2p*b
Sar(9:0) = 55 [d2\/Igllp"|e ™ (R = 500up, 0277 + 4 Do D)

G eom : diffeomorphisms

gauge transformations b — b + dgra

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

 effective actions:

H =dB
1
d d —2 1 abc a

Set(G, B) = 55 [d'zV/|Gle ?(R— £lHpe H™ + 40,0 0%9)

G geom : diffeomorphisms
G = 2%"g - gauge transformations B — B + d¢§
B — ®2p*b

' © =dgb

Sir(9,0) = 5 [de\/Igllo*le™ (R — H6ls, 777 +4 Do D)

G eom : diffeomorphisms

gauge transformations b — b + dgra

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

* translation of symmetries:
— diffeomorphisms by construction
— gauge transformations via algebroid-differential

R%* (b +dga) = B + d¢

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

* translation of symmetries:
— diffeomorphisms by construction
— gauge transformations via algebroid-differential

R%* (b +dga) = B + d¢

* in terms of geometric group

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Symmetries

* translation of symmetries:
— diffeomorphisms by construction
— gauge transformations via algebroid-differential

R%* (b +dga) = B + d¢

* in terms of geometric group
G,geom — T_l Ggeom T, T E O(d, d)

- . : :

Field redefinitions mix gauge fields and tensors!

— geometric group changes

- Lie algebroids provide geometric interpretation)

‘ Felix Rennecke StringPheno, DESY 2013 ‘
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So what?

Immediate question: what is this good for?
— control about patching of non-geometric backgrounds

— easy representation for complicated backgrounds

Felix Rennecke StringPheno, DESY 2013
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Patching of non-geometric backgrounds

so far:
* to every O(d,d)-induced field redefinition there is an action
with geometry described by a Lie algebroid

e for non-geometric transformations (R-transformations,
T-dualities) the actions are different

* non-geometric backgrounds require non-geometric
transformations to be patched-up

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Patching of non-geometric backgrounds

Resulting in the following picture:

G = ®2 *
Sen (G B)| ~——— = | Selg:)
<TM7 [°7°]Lieaid>/ \(TM7 [[7]]710)
L L
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Patching of non-geometric backgrounds

Example: the Q-flux — again

1
14 N232

B Nz
14 N2z2

(da® + dy?) + dz” B dz A dy

z— 2+ 2r = H(G,B) = T"H(G, B)T

0
with T = (]é i) , B = (28TN

Y
o O
Z

0
0
0
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Patching of non-geometric backgrounds

Example: the Q-flux — again

1 Nz

- 1+ N2z2

(da® + dy?) + dz” B dz A dy

- 1+ N2z2

z— 2+ 2r = H(G,B) = T"H(G, B)T

with T a R-transfromation ¢ G geom

Felix Rennecke StringPheno, DESY 2013



Patching of non-geometric backgrounds

Example: the Q-flux — again

(" B 1 B Nz g /\d\
14 N2z2 T 1+ N232 X Y

Ggeom : diffeo + gauge trafo ; patching: B-trafo

(d:c2 -+ dyQ) + dz? B

J
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Patching of non-geometric backgrounds

Example: the Q-flux — again

(" 1 5 5 5 Nz A
:1+N2z2(dx +dy°) +dz B:1+N2Z2dx/\dy
. Ggeom:diffeo+gauge trafo ; patching: B-trafo )
T — 0 (G’—BG_lB)_1
~ \G-BG'B 0
v
g = da? + dy? + dz? b= Nzdx Ady
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Patching of non-geometric backgrounds

Example: the Q-flux — again

: ! 2 2 2 Nz )
\ Ggeom : diffeo + gauge trafo ;  patching: R-trafo )
T — 0 (G- BG'B)™!
- \G-BG™'B 0
Y not algebroid
g = dz? + dy2 + dz? b= Nzdx Ady gauge trafo!

G geom : diffeo + B-trafo ;  patching: b — b + da
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Conclusion & outlook

 Geometry of Lie algebroids suitable for describing
non-geometric backgrounds locally

* Quest for global description:
— generalized geometry suitable for diffeos + gauge trafos
or diffeos + 3-trafos

— not both: DFT ?

 Deformation quantization:
— suitable redefinition introduces (quasi-) Poisson structure

‘ Felix Rennecke StringPheno, DESY 2013 ‘



Thank you
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