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Introduction

Generalizations of geometry

T™M @ T*M (type | or type Il in absence of RR fluxes)
TM @& T*M @ S* (type IIA/IIB with RR fluxes)

TMa T*M @ & (type | + YM, heterotic)

TM @ A2T*M @ ... (M-theory)
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Outline of the talk

@ Review of generalized geometry
@ Beyond generalized geometry

e B.,-geometry
e M-geometry

@ T-duality and generalized geometry
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Generalized geometry [Hitchin, Gualtieri, Cavalcanti]

Replace structures on TM (such as [, |, w, £Lx, d, ...) by similar
structureson E=TM & T*M
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Replace structures on TM (such as [, |, w, £Lx, d, ...) by similar
structureson E=TM & T*M

@ Bilinear form on sections x +¢ € I(TM @ T*M)
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Generalized geometry [Hitchin, Gualtieri, Cavalcanti]

Replace structures on TM (such as [, |, w, £Lx, d, ...) by similar
structureson E=TM & T*M

@ Bilinear form on sections x +¢ € I(TM @ T*M)

x+&y+n) = %(ZWH“ 1y€)

@ (Dorfman) Bracket

(X +&) oy +n) =[xyl + Lyn —1,d¢

@ Clifford algebra

{'Yx+§77y+77} = 2<X +&,y+ 77>
=
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Generalized Geometry (cont'd)

@ Clifford module Q°*(M)

Vx4¢ W =1xw +EAW
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Generalized Geometry (cont'd)

@ Clifford module Q°*(M)

Vx4¢ W =1xw +EAW

@ De-Rham differential on Q*(M)

d: QK(M) = Q*+1(m)
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Symmetries of (, ) given by sections of the adjoint bundle
A2E = N2TM @ End(TM) @ A2T*M

[They form the group O(n, n)]
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Symmetries of (, ) given by sections of the adjoint bundle
A2E = N2TM @ End(TM) @ A2T*M

[They form the group O(n, n)]
In particular, we have the so called B-transform, for b € Qz(M)

- (x+&) = X + (£ +wb)
b-(x+¢&)=uwxb (infinitesimally)
We have

e (x+&)o(y+m)=e" (x+&oe’ (y+n)+uaydb

Symmetries of the Dorfman bracket are Diff(M) x Q3 (M) FAANU



This suggest the introduction of a twisted Dorfman bracket, with
HeQ3(M),dH=0

(X +&) oy (¥ +m) =[x, ¥] + Lxn — 2ydE + 10y H
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This suggest the introduction of a twisted Dorfman bracket, with
HeQ3(M),dH=0

(X +&) oy (¥ +m) =[x, ¥] + Lxn — 2ydE + 10y H
such that

& ((x+&)on(y+m) = (€ (x+6)) onran (¢ (v +1))
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This suggest the introduction of a twisted Dorfman bracket, with
HeQ3(M),dH=0

(X +&) oy (¥ +m) =[x, ¥] + Lxn — 2ydE + 10y H
such that

& ((x+&)on(y+m) = (€ (x+6)) onran (¢ (v +1))

and a twisted differential

dyw =dw+ HAw
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Properties of the (twisted) Dorfman bracket

Properties (for A,B,C € TE, f € C*(M))
(i) Ao(BoC)=(AoB)oC+ Bo (Ao C)
(i) Ao (fB) = f(Ao B)+ (p(A))B
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Properties of the (twisted) Dorfman bracket

Properties (for A,B,C € TE, f € C*(M))
(i) Ao(BoC)=(AoB)oC+ Bo (Ao C)
(i) Ao (fB) = f(Ao B)+ (p(A))B

The Courant bracket is defined as the anti-symmetrization
[A, B] = %(AOB—BOA)

or, conversely,
AoB=[A B]+d(A B)
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Dorfman bracket as a derived bracket

Recall the usual Cartan relations
{ix,29} =0
{da lx} = Lx
[Lx, 0] =ty
[Lx, Ly] = Lixy
[d,Lx] =0
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Dorfman bracket as a derived bracket

Recall the usual Cartan relations

{ix,29} =0
{d,1x} = Lx
[Lx, Zy] = Ux,y]

[£x7 ﬁy] = ﬁ[x,y]
[d,Lx] =0

Here we have the analogue
{va, 78} = 2(A, B)
{dn,7a} = La
[La,78] = 4.8
[La, L8] = Laos = Lia,B]
[Ah, £La] =0
where Ly ¢w = Lyw + (d€ +1xH) Aw



Leibniz algebroids

A Leibniz algebroid (E, o, p) is a vector bundle E — M, with a

composition (Leibniz/Loday bracket) o on I'E, and a morphism
of vector bundles p : E — TM (anchor) such that

(L1) Ao(BoC)=(AoB)oC+ Bo (Ao C)
(L2) p(AoB) = [p(A), p(B)]
(L3) Ao (fB) =1f(AoB)+ (p(Af)B

e N
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Courant algebroids

Definition

A Courant algebroid (E, o, ( , ), p) is a vector bundle E — M,
with a composition o on I'E, a morphism of vector bundles
p: E — TM, and a field of nondegenerate bilinear forms ( , )
on I'E such that

(C1) Ao(BoC)=(AoB)oC+Bo (Ao ()

(C2) p(A)B,C)=(A,BoC+ CoB)

(C3) p(A)(B,C) = (Ao B,C) +(B,Ao C)

A
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Courant algebroids

Definition

A Courant algebroid (E, o, ( , ), p) is a vector bundle E — M,
with a composition o on I'E, a morphism of vector bundles
p: E — TM, and a field of nondegenerate bilinear forms ( , )
on I'E such that

(C1) Ao(BoC)=(AoB)oC+Bo (Ao ()

(C2) p(A)B,C)=(A,BoC+ CoB)

(C3) p(A)(B,C) = (Ao B,C) +(B,Ao C)

It follows that (E, o, p) is a Leibniz algebroid. Moreover
AoB+BoA=2D(A B)

where D = 1p*d : C*(M) — TE, i.e. (Df, A) = 1 p(A)f
7 (M) 20(A) P
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Exact Courant algebroids

An exact Courant algebroid E is a Courant algebroid that fits in
the exact sequence

0— > T"M 2 E_* 4 TM y 0
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Exact Courant algebroids

An exact Courant algebroid E is a Courant algebroid that fits in
the exact sequence

0— > T"M 2 E_* 4 TM y 0

Such a Courant algebroid admits an isotropic splitting
s: TM — E, which allows us to identify E = TM & T*M. The
composition on x + ¢ € I'(TM @ T*M) is uniquely determined by

H(x,y,z) = (xoy,2)
It turns out H € Q3(M)
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Exact Courant algebroids

An exact Courant algebroid E is a Courant algebroid that fits in
the exact sequence

0— > T"M 2 E_* 4 TM y 0

Such a Courant algebroid admits an isotropic splitting
s: TM — E, which allows us to identify E = TM & T*M. The
composition on x + ¢ € I'(TM @ T*M) is uniquely determined by

H(x,y,z) = (xoy,2)

It turns out H € Q3(M)

Theorem (Severa)

Equivalence classes of exact Courant algebroids are in 1—1
correspondence with H3(M, R).

Peter Bouwknegt Courant Algebroids and Generalizations of Geometry



B>n,-geometry [Baraglia]

We now consider the vector bundle
E=TMa1eTM
with nondegenerate bilinear form

(X+f+&y+g+mn) =3(un+yé)+1g

Peter Bouwknegt Courant Algebroids and Generalizations of Geometry



B>n,-geometry [Baraglia]

We now consider the vector bundle
E=TMa1eTM
with nondegenerate bilinear form

(X+f+&y+g+mn) =3(un+yé)+1g

Dorfman bracket

(x+f+&)o(y+9+n) =[x, y]+(x(9) = y(f)) + Lxn—1,d§ +2gdf
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B>n,-geometry [Baraglia]

We now consider the vector bundle
E=TMa1eTM
with nondegenerate bilinear form
(X+f4+Ey+g+n) = 5un+yé)+1g
Dorfman bracket
(x+f+8)o(y+g+n) =[x, y]+(x(9) - y(f)) + Lxn—1yd +29df

and anchor map
p(x +f+&)=x
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B>n,-geometry (cont'd)

Adjoint bundle

NE=NTM® TM @ End(TM) @ T*"M ® A2 T*M
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B>n,-geometry (cont'd)

Adjoint bundle

NE=NTM® TM @ End(TM) @ T*"M ® A2 T*M

In particular

a-(x+f+&=wa—fa, acQ
b-(x+f+€ =wb, beQ?
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B>n,-geometry (cont'd)

Adjoint bundle

NE=NTM® TM @ End(TM) @ T*"M ® A2 T*M

In particular

a-(x+f+&=wa—fa, acQ
b-(x+f+€ =wb, beQ?

Note
(a1, a2] = a1 A &
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B>n,-geometry (cont'd)

Adjoint bundle

NE=NTM® TM @ End(TM) @ T*"M ® A2 T*M

In particular

a-(x+f+&=1a—fa, acQ
b-(x+f+& =ub, beQ?

Note
(a1, a2] = a1 A &
Symmetries of the Dorfman bracket iff da = 0 = db.
L AN
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B>n,-geometry (cont'd)

Consider F € Q?(M), H € Q3(M), and a twisted Dorfman
bracket

(x+f+&o(y+9g+n)=I[xyl+(x(g) — y(f) + w2y F
+ Lyn — Zydf + 2gdf + lxlyH +1xFg — Zny
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B>n,-geometry (cont'd)

Consider F € Q?(M), H € Q3(M), and a twisted Dorfman
bracket

(x+f+8&o(y+g+n)=Ixyl+(x(g) —y() +uyF
+ Lxn —1yd§ +2gdf + 151, H + 14 Fg — 1 Ff
This defines a Courant algebroid provided

dF =0
dH+FAF=0
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B>n,-geometry (cont'd)

The bracket can be obtained as a derived bracket using
drpw=dw+ (-1)FAwt+HAW

and
Vopfte - W = Ixw + (- fw 4+ Aw
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B>n,-geometry (cont'd)

The bracket can be obtained as a derived bracket using
drpw=dw+ (-1)FAwt+HAW

and
Vopfte - W = Ixw + (- fw 4+ Aw

Note

der? =0

{Vxttre Vgt =2x +f+ &y +9g+n)

iff F and H satisfy the Bianchi identities as before.
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B>n,-geometry (cont'd)

The bracket can be obtained as a derived bracket using
drpw=dw+ (-1)FAwt+HAW

and
Vopfte - W = Ixw + (- fw 4+ Aw

Note
drr? =0
{VxtriesWrgint =2x+f+Ey+g+n)

iff F and H satisfy the Bianchi identities as before.
This is an example of non-exact transitive Courant algebroid

"M —— TM&1e T*M ™ 0
L AN
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Transitive Courant Algebroids [Chen-Stiénon-Xu]

Transitive Courant algebroids are of the form
E=TMa6a TM

where & = kerp/(kerp)* is a bundle of Lie algebras with
bracket

[r,S]e =pre(ros)

and
p(x+r+¢&)=x
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Transitive Courant Algebroids [Chen-Stiénon-Xu]

Transitive Courant algebroids are of the form
E=TMa6a TM

where & = kerp/(kerp)* is a bundle of Lie algebras with

bracket
[r,S]e =pre(ros)
and
p(x+r+¢&)=x
Suppose

<X+r+§a}’+3+77>:%(lxﬁ+2yf)+<r)3>®
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Transitive Courant Algebroids (cont’d)

Then the Dorfman bracket on E is completely determined by

H(X>y7 Z) = <prT*M(Xoy)’Z>
R(x,y) =prg(xoy)
Vxr=prg(xor).

It turns out H € Q3(M), R € Q?(M, g), and Vx a TM-connection
on &
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Transitive Courant Algebroids (cont’d)

Then the Dorfman bracket on E is completely determined by

H(X>y7 Z) = <prT*M(Xoy)’Z>
R(x,y) =prg(xoy)
Vxr=prg(xor).

It turns out H € Q3(M), R € Q?(M, g), and Vx a TM-connection
on &
Namely

(x+r+&o(y+s+n) =[xyl
- leyR+ [r, S]@ "‘ VXS - Vyr
— ’I/XzyH + <S, dvf>q5 + Exn — Zydé‘ + (lxR, S>Q§ — <’lyR, f>q5
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Transitive Courant Algebroids (cont’d)

where we have defined a ‘twisted differential’
dv : QK(M,T®) — QK+1(M, &) by

k

(de)(Xo, .. .Xk) = Z(—1)IVX/W(XO, R ,)/(\,'7 R ,Xk)
i=0

+ Z ( 1)I+jw([X17Xj]7X07"'7"'7)/(\17 7)/(;7 7Xk)

0<i<j<k

[Note that d% = 0 iff the curvature corresponding to Vx
vanishes]
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Transitive Courant Algebroids (cont’d)

where

£X<r7 S>Q5 = <era S>Q5 + <r7 vX'S>Q§
VX[r7S](’5 = [V)d‘,S]@‘i‘[thS]@

ayR=0
d%l’ — (VXVy - Vva - V[x,y]) r= [Fl,, r]Qj 5
dH = (RAR)e.
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M-geometry [Hull, Pacheco-Waldram, Baraglia]

In M-theory we have a 3-form Cs with
Fqs = dCs

satisfying
dfF4 =0 (Bianchi)

and
d(xFs) + 3FaANF4=0  (e.om.)
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M-geometry [Hull, Pacheco-Waldram, Baraglia]

In M-theory we have a 3-form Cs with
Fqs = dCs

satisfying
dfF4 =0 (Bianchi)

and
d(xFs) + 3FaANF4=0  (e.om.)

After putting F7 = «xF4 we have
d(F7+3C3AF) =0,  F+3C3AFy=dCs
L AN



M-geometry (cont'd)

Summarizing

Fy = dCs
F7:dCG—%C3/\F4

with

dFs =0
dF; + SFaNFy=0
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M-geometry (cont'd)

Symmetries by z3 € Q3, z5 € Q5

Cy=C3+2
Cé:CG—l-Ze—I-%Cs/\Zg,

Group law

(23, 26) (23, 25) = (23 + 23, 26 + 26 — 523 \ 23)
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M-geometry (cont'd)

The relevant bundle in this case is
E=TMa N°T*Ma NST*M
with Dorfman bracket

(X + a2+ as) o (y + b2+ bs) =
[X,y] + Lxbs — 1yday + Lxbs — 1,das + dap A by
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M-geometry (cont'd)

The relevant bundle in this case is
E=TMa N°T*Ma NST*M
with Dorfman bracket

(X + a2+ as) o (y + b2+ bs) =
[X,y] + Lxbs — 1yday + Lxbs — 1,das + dap A by

The bracket is invariant under infinitesimal symmetries
generated by z3 € Q3, z5 € Qf,

Zy- (X +ax+a5) =1x23 — 23\ &

Zg - (X + ao + 85) = —ixZp
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M-geometry (cont'd)

It can be twisted by F, € Q*, F7 € Q7

(x+az+as)o(y+ b2+ bs) = [x,y]
+ be5 — ’I/ydas + da2 N b2 + Z)(F4 VAN b2 + ’LnyF7
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M-geometry (cont'd)

It can be twisted by F, € Q*, F7 € Q7

(x+az+as)o(y+ b2+ bs) = [x,y]
+ be5 — ’I/ydas + da2 N b2 + Z)(F4 VAN b2 + ’LnyF7

and is a Leibniz algebroid iff

dFs =0
dF7 + JFaAFy =0
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M-geometry (cont'd)

It can be twisted by F, € Q*, F7 € Q7

(x+ax+as)o(y+ b2+ bs) =[x,y]
+ Lxbs —1ydas + dag A by + 1xF4 A bo 4 151y F7

and is a Leibniz algebroid iff

dF, =0
dF7+%F4/\F4:0

Note that we have (, ) : E® E — T*M @ A*T*M

(X+ax+as, y+ba+ bs) = (1xbo +1ya) + (1xbs +1yas + a A by)

(cf. notion of E-Courant algebroid [Chen-Liu-Sheng])



T-duality for principal S'-bundles

Suppose we have a pair (E, H), consisting of a principal circle

bundle
S' — - E

M
and a so-called H-flux H, a Cech 3-cocycle.

Topologically, E is classified by an element in F € H>(M, Z)
while H gives a class in H3(E,7Z)
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T-duality for principal S'-bundles (cont'd)

The T-dual of (E, H) is given by the pair (E, Fl), where the
principal S'-bundle

and the dual H-flux H € H3(E, Z), satisfy

F=mH, F=#H

where 7, : H3(E,Z) — H?(M,Z), and
7. H3(E, Z) — H?(M, Z) are the pushforward maps
(‘integration over the S-fiber)
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T-duality for principal S'-bundles (cont'd)

EXME

E

A
NS

= U
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T-duality for principal S'-bundles (cont'd)

The ambiguity in the choice of H is removed by requiring that
p*H—p*H=0
in H3(E xy I::, Z), where E x Eisthe correspondence space

~

E xy E={(x,X) € ExE | n(x)=7(X)}
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T-duality for principal S'-bundles (cont'd)

The ambiguity in the choice of H is removed by requiring that
p*H—p*H=0
in H3(E xy I::, Z), where E x Eisthe correspondence space

E xy E={(x,X) € ExE | n(x)=7(X)}

Theorem (B-Evslin-Mathai)

This T-duality gives rise to an isomorphism between the twisted
cohomologies and twisted K-theories of (E, H) and (E, H) (with
a shift in degree by 1)

e N

Peter Bouwknegt Courant Algebroids and Generalizations of Geometry



T-duality and generalized geometry

1

Given a principal circle bundle E with H-flux H € QgI(E)S

S' —— E
o H = Hgy+ AA Hp), F=dA
M
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T-duality and generalized geometry

Given a principal circle bundle E with H-flux H € le(E)S1

S' — E
o H = Hgy+ AA Hp), F=dA
M
there exists a T-dual principal circle bundle
s —
H=Hgy+ANF, F=Hp) = dA

=N
— M

<
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T-duality and generalized geometry (cont'd)

Theorem [B-Evslin-Mathai, Cavalcanti-Gualtieri]

(a) We have an isomorphism of differential complexes
71 (Q(E)%, du) = (2°(E)%', )
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T-duality and generalized geometry (cont'd)

Theorem [B-Evslin-Mathai, Cavalcanti-Gualtieri]

(a) We have an isomorphism of differential complexes
71 (Q(E)%, du) = (2°(E)%', )

T(Q(k) +AA Q(k,”) = —Q(k,1) + //Z\ A Q(k)

Tody=—dgor
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T-duality and generalized geometry (cont'd)

Theorem [B-Evslin-Mathai, Cavalcanti-Gualtieri]

(a) We have an isomorphism of differential complexes
71 (Q(E)%, du) = (2°(E)%', )

T(Q(k) +AN Q(k,”) = —Q(k,1) + AN Q(k)

Tody=—dgor

Hence, 7 induces an isomorphism on twisted cohomology

Peter Bouwknegt Courant Algebroids and Generalizations of Geometry



T-duality and generalized geometry (cont'd)

Theorem [B-Evslin-Mathai, Cavalcanti-Gualtieri]
(a) We have an isomorphism of differential complexes

7 ((E)T dy) = (2(E)T, dp)
T(Q(k) +AN Q(k,”) = —Q(k,1) + AN Q(k)
Tody=—dgor
Hence, 7 induces an isomorphism on twisted cohomology

(b) We canidentify (X += e (TE® T*E)S1 with a quadruple

(x,£,£,9)
X=X+ f0a, ==¢(+4+0A

and define a map ¢ : [(TE @ T*E)S' — [(TE & T*E)S'

G(X + fOa+ €+ gA) = X + g5 + € + fA
e AU
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras

(c) For X+ = e I((TE & T*E)S") we have

T(yx+z - Q) = Yo(X+2) -7(Q)
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras

(c) For X+ = e I((TE & T*E)S") we have

T(yx+z - Q) = Yo(X+2) -7(Q)

Hence 7 induces an isomorphism of Clifford modules
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras

(c) For X+ = e I((TE & T*E)S") we have

T(yx+z - Q) = Yo(X+2) -7(Q)

Hence 7 induces an isomorphism of Clifford modules
(d) For X;+=; € T((TE® T*E)S') we have

o ([X1 + =1, X2 + Z2] 1) = [6(X1 + =1), (X2 + Z2)] 5
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras

(c) For X+ = e I((TE & T*E)S") we have

T(yx+z - Q) = Yo(X+2) -7(Q)

Hence 7 induces an isomorphism of Clifford modules
(d) For X;+=; € T((TE® T*E)S') we have

o ([X1 + =1, X2 + Z2] 1) = [6(X1 + =1), (X2 + Z2)] 5

Hence ¢ gives a homomorphism of twisted Courant
brackets
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T-duality and generalized geometry (cont'd)

(b) The map ¢ is orthogonal wrt pairing on TE & T*E, hence
7 induces an isomorphism of Clifford algebras

(c) For X+ = e I((TE & T*E)S") we have

T(x4=-Q) = Yp(X+Z) -7(Q)
Hence 7 induces an isomorphism of Clifford modules
(d) For X;+=; € T((TE® T*E)S') we have
¢ ([X1 + =1, Xo + Z2ln) = [6(X1 + =1), 6(X2 + Z2)]
Hence ¢ gives a homomorphism of twisted Courant
brackets

It follows that T-duality acts naturally on generalized complex
structures, generalized Kahler structures, generalized
Calabi-Yau structures, ... L AN
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Dimensionally reduced Dorfman bracket

The dimensionally reduced Dorfman bracket

(X1, f1361,91) o (X2, f2; €2, 92) =
([x1, X2], X1 (f2) — Xo(fy) + 15,2, F;
(Lx €2 — 1, dE1) + 15,00, H(3) + (dfi g2 + f2dgy)
+(gorx; F — g1 F) + (f1x, Hz) — frax,Ho)),
x1(g2) — X2(91) + 110 H2))
is that of the transitive Courant algebroid

E=TMa (tet*)® T*Mwith R = —(F, H(g)), H= —H(3) and
(,)s the canonical pairing between t and t*.
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Dimensionally reduced Dorfman bracket

The dimensionally reduced Dorfman bracket

(x1, f1:€1,91) o (X2, F2; €2, O2) =
([X1 , Xg], Xq (fg) — X2(f1) + 1x, ’LXZF;
(Lx62 — 1,0d81) + 150, Hiz) + (dfi g2 + f2dgy)
+ (9214 F — 9116 F) + (f21 H) — fra Hiz)),
x1(92) — X2(g1) + 1x 2, H(2))
is that of the transitive Courant algebroid
E=TMo (tet)o T*"Mwith R = —(F, Hz)), H= —H3) and
(,)s the canonical pairing between t and t*.

[Doubling of the Atiyah algebroid corresponding to the principal
S'-bundle]
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Generalization to principal torus bundles

We have

H = Hg) + Ai A Higy + 3Ai A A A HY + AT A A A A HEg
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Generalization to principal torus bundles

We have

H = Hg) + Ai A Higy + 3Ai A A A HY + AT A A A A HEg

such that
dy =d + H(3) + F(g),'a,qi

+Ai N Higy + LA NA A H,

(1)+%A,-/\A/-/\Ak/\H’7k

(0)
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Generalization to principal torus bundles

We have

H = Hg) + Ai A Higy + 3Ai A A A HY + AT A A A A HEg

such that
dn =d + Hg) + F2)i0a, + 5F(1)i0a, N Oa, + §F(0)ikOa, N Oa, A On,

+ LANA A AN HS

+Ai N Higy + LA NA A H, 0

(1
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Generalization to principal torus bundles

We have

H = Hg) + Ai A Higy + 3Ai A A A HY + AT A A A A HEg

such that
dn =d + Hg) + F2)i0a, + 5F(1)i0a, N Oa, + §F(0)ikOa, N Oa, A On,

+ LANA A AN HS

+Ai N Higy + LA NA A H, 0

(1

The F(1); and F(q);x are known as nongeometric fluxes
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Generalization to principal torus bundles

We have

H = Hg) + Ai A Higy + 3Ai A A A HY + AT A A A A HEg

such that

dn =d + Hg) + F2)i0a, + 5F(1)i0a, N Oa, + §F(0)ikOa, N Oa, A On,

/ 1 i 1 jjk
+ Ai A H(Iz) + §Ai A Aj A H(I]1) + éAi A Aj A Ak A HE/O)

The F(1); and F(q);x are known as nongeometric fluxes

Theorem (B-Garretson-Kao)

T-duality provides an isomorphism of (certain) Courant
algebroids

= U
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THANKS
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