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How do these emerge in string theory?
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e single string picture:

e string moving in/coupling to a background spacetime
generalisation of point particle moving in curved space
o different background fields, among others:
metric Gyy, Kalb-Ramond field By, : (higher) gauge field

e modifications in relation string <> (target) spacetime

e compact extra dimensions: winding modes of string
e finite string length
e not necessarily ordinary manifolds:
interplay between metric G and other fields
e dualities, e.g. T-duality - R <> %
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e T-duality along x:

e 'twisted torus': (xl,xz,x3) ~ (Xl — hx2,x2 x3 + 1)
e similar to a Lie group: vector fields e

a[ieﬁ + fcabe?ejb =0 — geometric f-flux, here f315 = h
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example 2: from geometric
to non-geometric fluxes Il

T T T
Habc 1> fCab 2> Qcab 3> Rabc

e T-duality along x?:
e ' T2 fibration’ over S (x3): not well defined for x3 — x3 +1
e non-geometric gauge transformation of 6 at x3 ~ x3 + 1,
— 'globally non-geometric’
o for closed strings in Q-flux: [%?,%P] ~ Q/2Pwe
e (formal) T-duality along x3: 6*
e %3 'winding’ coordinate
e no description in terms of standard coordinates
—  'locally non-geometric’

Rabc — glegabl __, non-geometric R-flux , here R123 — p

e for closed strings in R-flux: Jac(%?, %2, £¢) ~ R@bc



summary

e non-commutative and non-associative spacetimes contain
physical minimal areas and volumes
— natural regularisation?



summary

e non-commutative and non-associative spacetimes contain
physical minimal areas and volumes
— natural regularisation?
e in string theory:
e open strings: in B-field backgrounds
— non-commutative Yang-Mills theories
e closed strings: non-geometric Q- and R-flux describe
non-commutative resp. non-associative spacetimes.



summary

e non-commutative and non-associative spacetimes contain
physical minimal areas and volumes
— natural regularisation?
e in string theory:
e open strings: in B-field backgrounds
— non-commutative Yang-Mills theories
e closed strings: non-geometric Q- and R-flux describe
non-commutative resp. non-associative spacetimes.
e string dualities: different backgrounds, same physics
new view on spacetime and its mathematical description
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