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this talk …

This talk is based on work together with F. Cordonier-Tello and D. Lüst ::

Open-string T-duality and applications to  
non-geometric backgrounds [arXiv:1806.01308]
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introduction :: t-duality

◾ String-theory compactified on two T-dual circles cannot be distinguished.

↵0

R
R

T-duality ::

◾ For flat backgrounds, CFT techniques give exact duality transformations.

◾ For curved backgrounds, one employs Buscher's procedure.



introduction :: buscher's procedure

The T-dual background can be obtained by following Buscher's procedure ::

1) Identify a global symmetry (isometry) of the world-sheet action. 

2) Gauge the global symmetry by introducing a gauge field. 

3) Integrate-out the gauge field.

The resulting transformation rules 

◾ agree with the CFT expressions for flat backgrounds, 
◾ but apply also to curved backgrounds. 



introduction :: this talk

This talk :: 1) Discuss Buscher's procedure for open strings (including technical details).

2) Apply results to D-branes on non-geometric backgrounds.

Alvarez, Barbon, Borlaf - 1996

Dorn, Otto - 1996


Förste, Kehagias, Schwager - 1996

Albertsson, Lindström, Zabzine - 2004
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closed string :: world-sheet action
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The world-sheet action for the closed string takes the form (     is a 2d manifold with              )⌃
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closed string :: gauged action

The local symmetry transformations take the form
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Ŝ = � 1

2⇡↵0

Z

⌃

h
1
2 Gij(dX

i + kiA) ^ ?(dXj + kjA)

� i
2 Bij dX

i ^ dXj � i(v � ◆kB + d�) ^A
i
.

<latexit sha1_base64="9H7iTDlbjKaMnOKfZJyW9f9DVuE="></latexit><latexit sha1_base64="9H7iTDlbjKaMnOKfZJyW9f9DVuE="></latexit><latexit sha1_base64="9H7iTDlbjKaMnOKfZJyW9f9DVuE="></latexit><latexit sha1_base64="9H7iTDlbjKaMnOKfZJyW9f9DVuE="></latexit>

For multiple gauged (non-abelian) symmetries, additional restrictions apply. 



closed string :: back to original action I

The original action is obtained using the Lagrange multiplier. First, perform a Hodge decomposition as

d� = d�(0) + �(m)!
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The equations of motion for         are determined as�(m)
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closed string :: dual action I

Integrating-out the gauge field (with                           and          ) gives the dual action aski = (1, 0, . . . , 0)
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Interpreting                          as the dual coordinate, the Buscher rules can be read-off dX̃1 = ± 1
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Ǧ11 =
↵02

G11
,
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closed string :: dual action II

For the original coordinate      we perform theX1
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◾ If       is compact and free, then                     contain the momentum/winding numbers.X1
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The dual coordinate                      is therefore compact (and free).X̃1 = ± 1
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The path integral over       takes the formX1
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Rocek, Verlinde - 1991



closed string :: summary

Summary :: ◾ Buscher's approach to T-duality transformations has been reviewed. 
◾ A Lagrange multiplier allows to recover the original model. 
◾ The dual model is obtained via integrating-out the gauge field.

◾ Non-trivial world-sheet topologies have been taken into account.
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open string :: world-sheet action

The possible boundary conditions for       areXi
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The world-sheet action for the open string takes the form (     is a 2d manifold with              )⌃
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open string :: hodge decomposition

The Hodge decomposition theorem for manifolds with boundaries can be expressed using 

◾ closed forms 

◾ exact forms 

◾ closed & co-closed, vanishing normal part

Cp = {! 2 ⌦p : d! = 0} ,
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CcCp
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e.g. Capell, DeTurck, Gluck, Miller - 2005 

For closed forms on then finds                              .Cp = Ep � CcCp
N
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This implies for Dirichlet directions        that          is exact.  X î
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dX î
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open string :: gauged action I

For Buscher's procedure, one assumes that the action is invariant under a global transformation

�✏X
i = ✏ ki(X) ,
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✏ = const. ⌧ 1 .
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The variation of the action vanishes provided that

LkG = 0 ,
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LkB = dv ,
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open string :: gauged action II

The local symmetry transformations take the form

�̂✏X
i = ✏ki , �̂✏A = �d✏ , �̂✏� = �✏ ◆kv .
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The global symmetry can be gauged by introducing a gauge field     (and a Lagrange multiplier    )A
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The possible boundary conditions for the gauge field are
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Albertsson, Lindström, Zabzine - 2004



open string :: gauged action III

For Neumann boundary conditions a second Lagrange multiplier is needed and

⌦@⌃ =
�
�+ �+ ! � 2⇡↵0◆ka

�
A ,

<latexit sha1_base64="rnbv8+YYCq9yL0ZtGrZl0V+QTPY="></latexit><latexit sha1_base64="rnbv8+YYCq9yL0ZtGrZl0V+QTPY="></latexit><latexit sha1_base64="rnbv8+YYCq9yL0ZtGrZl0V+QTPY="></latexit><latexit sha1_base64="rnbv8+YYCq9yL0ZtGrZl0V+QTPY="></latexit>

globally-defined function on       ,

function on       .

@⌃
<latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit>

�
<latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit>

@⌃
<latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit><latexit sha1_base64="ZY80uqiMczdwJSoDYuHuMwmJTpw="></latexit>

constant�
<latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit>

For Dirichlet boundary conditions the variation parameter satisfies                and one finds               .⌦@⌃ = 0
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open string :: back to original action

For Dirichlet boundary conditions
◾ equation of motion for         �

<latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit>

◾ boundary condition 

F = dA = 0 ,
<latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit>

0 = Atan

��
@⌃

.
<latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit>

◾ equation of motion for         �
<latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit>

For Neumann boundary conditions

◾ equation of motion for         �
<latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit><latexit sha1_base64="gPGDYtW/KjfyNnuhgOuvOk2+Blo="></latexit>

F = dA = 0 ,
<latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit><latexit sha1_base64="2fdHBHnFOOL39C5HXUbIiVCKgag="></latexit>

0 = Atan

��
@⌃

.
<latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit><latexit sha1_base64="1v14KJQDFyx9qrUTT2STyZ8kWzw="></latexit>

Using Hodge decomposition for manifolds with boundary the original action is recovered via (                    ) !m 2 CcC1
N

<latexit sha1_base64="Ku0MHbygEJ/A7fN6YyUyHPzBsLY="></latexit><latexit sha1_base64="Ku0MHbygEJ/A7fN6YyUyHPzBsLY="></latexit><latexit sha1_base64="Ku0MHbygEJ/A7fN6YyUyHPzBsLY="></latexit><latexit sha1_base64="Ku0MHbygEJ/A7fN6YyUyHPzBsLY="></latexit>

A = da(0) + a(m)!
m

<latexit sha1_base64="GfbI+adQzEWUVcK59WfRkN01nts="></latexit><latexit sha1_base64="GfbI+adQzEWUVcK59WfRkN01nts="></latexit><latexit sha1_base64="GfbI+adQzEWUVcK59WfRkN01nts="></latexit><latexit sha1_base64="GfbI+adQzEWUVcK59WfRkN01nts="></latexit><latexit sha1_base64="GfbI+adQzEWUVcK59WfRkN01nts="></latexit>

dA = 0
<latexit sha1_base64="u1OB5M1bWIOnkw+R8FrXt3cBxK4="></latexit><latexit sha1_base64="u1OB5M1bWIOnkw+R8FrXt3cBxK4="></latexit><latexit sha1_base64="u1OB5M1bWIOnkw+R8FrXt3cBxK4="></latexit><latexit sha1_base64="u1OB5M1bWIOnkw+R8FrXt3cBxK4="></latexit>

Atan = 0
<latexit sha1_base64="YPhNTTKrMYF4b5RO5Xw4QX0BM2U="></latexit><latexit sha1_base64="YPhNTTKrMYF4b5RO5Xw4QX0BM2U="></latexit><latexit sha1_base64="YPhNTTKrMYF4b5RO5Xw4QX0BM2U="></latexit><latexit sha1_base64="YPhNTTKrMYF4b5RO5Xw4QX0BM2U="></latexit> a(m) = 0

<latexit sha1_base64="otJa5VtCwKqzHsHEvIHKgq9hsc0="></latexit><latexit sha1_base64="otJa5VtCwKqzHsHEvIHKgq9hsc0="></latexit><latexit sha1_base64="otJa5VtCwKqzHsHEvIHKgq9hsc0="></latexit><latexit sha1_base64="otJa5VtCwKqzHsHEvIHKgq9hsc0="></latexit>

a(0) = 0
<latexit sha1_base64="p9AqBA8lGOfk3HnREHnj4NA1DVo="></latexit><latexit sha1_base64="p9AqBA8lGOfk3HnREHnj4NA1DVo="></latexit><latexit sha1_base64="p9AqBA8lGOfk3HnREHnj4NA1DVo="></latexit><latexit sha1_base64="p9AqBA8lGOfk3HnREHnj4NA1DVo="></latexit>

�̂✏A
<latexit sha1_base64="tWej9AW3Wt1gMXf+khETJ7mHHNs="></latexit><latexit sha1_base64="tWej9AW3Wt1gMXf+khETJ7mHHNs="></latexit><latexit sha1_base64="tWej9AW3Wt1gMXf+khETJ7mHHNs="></latexit><latexit sha1_base64="tWej9AW3Wt1gMXf+khETJ7mHHNs="></latexit>



open string :: dual action

The variation on the boundary introduces a constraint

Dirichlet

Neumann 0 = 2⇡↵0 ◆ka� (�+ �+ !)
���
@⌃

.
<latexit sha1_base64="w959pNdYhS9j5eyOhsCBieyZl1Y="></latexit><latexit sha1_base64="w959pNdYhS9j5eyOhsCBieyZl1Y="></latexit><latexit sha1_base64="w959pNdYhS9j5eyOhsCBieyZl1Y="></latexit><latexit sha1_base64="w959pNdYhS9j5eyOhsCBieyZl1Y="></latexit>

? ,
<latexit sha1_base64="ybYdkpVOFN1bCNbsuZkJyjP/ySc="></latexit><latexit sha1_base64="ybYdkpVOFN1bCNbsuZkJyjP/ySc="></latexit><latexit sha1_base64="ybYdkpVOFN1bCNbsuZkJyjP/ySc="></latexit><latexit sha1_base64="ybYdkpVOFN1bCNbsuZkJyjP/ySc="></latexit>

Integrating-out the gauge field (with                           ) gives the action    ki = (1, 0, . . . , 0)
<latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit>

with components                            .B̃m1 = Bm1 � vm
<latexit sha1_base64="0sh2OFXFzVR8MLWmNGZw93X6jDQ="></latexit><latexit sha1_base64="0sh2OFXFzVR8MLWmNGZw93X6jDQ="></latexit><latexit sha1_base64="0sh2OFXFzVR8MLWmNGZw93X6jDQ="></latexit><latexit sha1_base64="0sh2OFXFzVR8MLWmNGZw93X6jDQ="></latexit>

Š =� 1

2⇡↵0

Z

⌃


1

2

 
Gmn � Gm1Gn1 � B̃m1 B̃n1

G11

!
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2

1

G11
d� ^ ?d�+

B̃m1

G11
d� ^ ?dXm

� i
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G11

!
dXm ^ dXn � i

Gm1

G11
dXm ^ d�+ i dX1 ^ (d�+ v)

�

� 1

2⇡↵0

Z

@⌃

h
2⇡i↵0aadX

a
i
,

<latexit sha1_base64="/v3sSpC4evqm+67MiITjrsAPuFE="></latexit><latexit sha1_base64="/v3sSpC4evqm+67MiITjrsAPuFE="></latexit><latexit sha1_base64="/v3sSpC4evqm+67MiITjrsAPuFE="></latexit><latexit sha1_base64="/v3sSpC4evqm+67MiITjrsAPuFE="></latexit>
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open string :: neumann I

2) Integrating-out the Lagrange multiplier     ::�
<latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit>

◾ The path-integral takes the form

Z =

Z
[DXi] [D�]

Vgauge

Z
[D�] �

�
�� �̃

�
@⌃

exp
⇣
Š[Xi,�]

⌘
,

<latexit sha1_base64="y7yPsW8XOaBzR0+fgBs8jIxugmc="></latexit><latexit sha1_base64="y7yPsW8XOaBzR0+fgBs8jIxugmc="></latexit><latexit sha1_base64="y7yPsW8XOaBzR0+fgBs8jIxugmc="></latexit><latexit sha1_base64="y7yPsW8XOaBzR0+fgBs8jIxugmc="></latexit>

◾ and integration over      is trivially performed.�
<latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit>

1) Integrating-out the gauge field ::

◾ The boundary constraint can be implemented in the path integral through

◾ The Neumann boundary condition for     becomesA
<latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit>

0 = d�̃
��
@⌃

.
<latexit sha1_base64="PauhNoGBR+mEdFNqz5YMFR0UJt0="></latexit><latexit sha1_base64="PauhNoGBR+mEdFNqz5YMFR0UJt0="></latexit><latexit sha1_base64="PauhNoGBR+mEdFNqz5YMFR0UJt0="></latexit><latexit sha1_base64="PauhNoGBR+mEdFNqz5YMFR0UJt0="></latexit>

�
�
�� �̃

�
@⌃

,
<latexit sha1_base64="Nk97hfUWbDX0mDW6re8bCkyHErU="></latexit><latexit sha1_base64="Nk97hfUWbDX0mDW6re8bCkyHErU="></latexit><latexit sha1_base64="Nk97hfUWbDX0mDW6re8bCkyHErU="></latexit><latexit sha1_base64="Nk97hfUWbDX0mDW6re8bCkyHErU="></latexit>

�̃ = �+ ! � 2⇡↵0◆ka .
<latexit sha1_base64="64+eRxCNrpslxHcLp8SENvvRf+s="></latexit><latexit sha1_base64="64+eRxCNrpslxHcLp8SENvvRf+s="></latexit><latexit sha1_base64="64+eRxCNrpslxHcLp8SENvvRf+s="></latexit><latexit sha1_base64="64+eRxCNrpslxHcLp8SENvvRf+s="></latexit>



open string :: neumann II

3) Integrating-out the original coordinate ::

◾ Expand                                      . For      compact and free                   , anddX1 = dX1
(0) +X1

(m)!
m

<latexit sha1_base64="Fwl+zpO2z52IAZsQoa6+FhoQzrQ="></latexit><latexit sha1_base64="Fwl+zpO2z52IAZsQoa6+FhoQzrQ="></latexit><latexit sha1_base64="Fwl+zpO2z52IAZsQoa6+FhoQzrQ="></latexit><latexit sha1_base64="Fwl+zpO2z52IAZsQoa6+FhoQzrQ="></latexit>

X1
<latexit sha1_base64="U5H0TpelGNP8aVRwf2QbjhbCFEY="></latexit><latexit sha1_base64="U5H0TpelGNP8aVRwf2QbjhbCFEY="></latexit><latexit sha1_base64="U5H0TpelGNP8aVRwf2QbjhbCFEY="></latexit><latexit sha1_base64="U5H0TpelGNP8aVRwf2QbjhbCFEY="></latexit> X1

(m) 2 2⇡Z
<latexit sha1_base64="XHensO5/E02OnGtj8S1yn97cypg="></latexit><latexit sha1_base64="XHensO5/E02OnGtj8S1yn97cypg="></latexit><latexit sha1_base64="XHensO5/E02OnGtj8S1yn97cypg="></latexit><latexit sha1_base64="XHensO5/E02OnGtj8S1yn97cypg="></latexit>
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i

2⇡↵0

Z
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�

=

Z ⇥
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⇤
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22⇡Z
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i

2⇡↵0

Z

@⌃
�̃X1

(m)!
(m)

�

=
X

m(m)2Z
�


1

2⇡↵0 �̃�m(m)

�

@⌃
<latexit sha1_base64="6l9QCxTwzNO4rFTb/20djH1v3pw="></latexit><latexit sha1_base64="6l9QCxTwzNO4rFTb/20djH1v3pw="></latexit><latexit sha1_base64="6l9QCxTwzNO4rFTb/20djH1v3pw="></latexit><latexit sha1_base64="6l9QCxTwzNO4rFTb/20djH1v3pw="></latexit>

�̃
��
@⌃

2 2⇡↵0Z .
<latexit sha1_base64="+GOrbdTxoyr8mxSAmqsGWQPfIKU="></latexit><latexit sha1_base64="+GOrbdTxoyr8mxSAmqsGWQPfIKU="></latexit><latexit sha1_base64="+GOrbdTxoyr8mxSAmqsGWQPfIKU="></latexit><latexit sha1_base64="+GOrbdTxoyr8mxSAmqsGWQPfIKU="></latexit>

◾ The relevant terms in the action read (with                           )ki = (1, 0, . . . , 0)
<latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit>

+
i

2⇡↵0

Z

⌃
(d�+ v) ^ dX1 � i

2⇡↵0

Z

@⌃
2⇡↵0a1dX

1 = +
i

2⇡↵0

Z

@⌃
�̃ dX1 .

<latexit sha1_base64="8pIf2kJ5cyNZFqwG7taiQb7c2Zk="></latexit><latexit sha1_base64="8pIf2kJ5cyNZFqwG7taiQb7c2Zk="></latexit><latexit sha1_base64="8pIf2kJ5cyNZFqwG7taiQb7c2Zk="></latexit><latexit sha1_base64="8pIf2kJ5cyNZFqwG7taiQb7c2Zk="></latexit>

X̃1 = ± 1
↵0 �̃

<latexit sha1_base64="Gh7xSYaFyAXJkMUvxCmOGGT1Xdo="></latexit><latexit sha1_base64="6GiB8RtDRZafPjzIxuijB6gfXb4="></latexit><latexit sha1_base64="6GiB8RtDRZafPjzIxuijB6gfXb4="></latexit><latexit sha1_base64="s14yBommQCAWxplcShkD5cSTUpE="></latexit>

➞ The dual coordinate                    is quantized on the boundary and thus compact. 



open string :: neumann III

Summary :: ◾ T-duality along a Neumann direction results in a T-dual Dirichlet direction.

◾ Momentum modes of       determine winding modes via                       .X1
<latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit>

X̃1|@⌃ 2 2⇡Z
<latexit sha1_base64="Xsx8lGynFMdVart1nJTR47Gc8CM="></latexit><latexit sha1_base64="Xsx8lGynFMdVart1nJTR47Gc8CM="></latexit><latexit sha1_base64="Xsx8lGynFMdVart1nJTR47Gc8CM="></latexit><latexit sha1_base64="Xsx8lGynFMdVart1nJTR47Gc8CM="></latexit>

◾ The dual metric and B-field can be identified as (contain open-string gauge flux)

Ǧ11 =
↵02

G11
,

Ǧm1 = ±↵0 B̃m1

G11
, B̌m1 = ±↵0 Gm1

G11
,

Ǧmn = Gmn � Gm1Gn1 � B̃m1 B̃n1

G11
, B̌mn = Bmn � B̃m1Gn1 �Gm1B̃n1

G11
.

<latexit sha1_base64="7uN8P4DG1NOoIIpvAi/IIt2r9fk="></latexit><latexit sha1_base64="7uN8P4DG1NOoIIpvAi/IIt2r9fk="></latexit><latexit sha1_base64="7uN8P4DG1NOoIIpvAi/IIt2r9fk="></latexit><latexit sha1_base64="7uN8P4DG1NOoIIpvAi/IIt2r9fk="></latexit>

◾ The dual gauge field reads                     .ǎ = amdXm
<latexit sha1_base64="l2EPa8mdMnUxAdLLZ/m1Cl7XKzk="></latexit><latexit sha1_base64="l2EPa8mdMnUxAdLLZ/m1Cl7XKzk="></latexit><latexit sha1_base64="l2EPa8mdMnUxAdLLZ/m1Cl7XKzk="></latexit><latexit sha1_base64="l2EPa8mdMnUxAdLLZ/m1Cl7XKzk="></latexit>

◾ A Wilson loop along       shifts the dual coordinate as                                            .X1
<latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit> X̃1 = ± 1

↵0 (�+ ! � 2⇡↵0a1)
<latexit sha1_base64="M8F1CeTE3nsP0Hfp0gOcfjpRT9o="></latexit><latexit sha1_base64="M8F1CeTE3nsP0Hfp0gOcfjpRT9o="></latexit><latexit sha1_base64="M8F1CeTE3nsP0Hfp0gOcfjpRT9o="></latexit><latexit sha1_base64="M8F1CeTE3nsP0Hfp0gOcfjpRT9o="></latexit>
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open string :: dirichlet I

2) Integrating-out the Lagrange multiplier     :: not present.�
<latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit><latexit sha1_base64="temoDtoiTNyQI/iVK52yuWfa9mY="></latexit>

1) Integrating-out the gauge field ::

A
<latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit><latexit sha1_base64="l4JgGeGiLGKKkOv1JcnG4f++qlg="></latexit>

◾ The Dirichlet condition for     becomes a Neumann condition for X̃1 = ± 1
↵0�

<latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit>

0 = Ǧ1i

�
dX̃i

�
norm

+ iB̌1i

�
dX̃i

�
tan

.
<latexit sha1_base64="3mxGCIVXNz5UWHY1CJ7ejH3guaw="></latexit><latexit sha1_base64="3mxGCIVXNz5UWHY1CJ7ejH3guaw="></latexit><latexit sha1_base64="3mxGCIVXNz5UWHY1CJ7ejH3guaw="></latexit><latexit sha1_base64="3mxGCIVXNz5UWHY1CJ7ejH3guaw="></latexit>

◾ No boundary constraint to be imposed.



open string :: dirichlet II

3) Integrating-out the original coordinate ::

➞ Wilson loop and quantized momenta for the dual coordinate                    .X̃1 = ± 1
↵0�

<latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit><latexit sha1_base64="p5igbT9+1qFDOqoLsFSJ+d0V/1A="></latexit>

◾ The relevant term in the action reads (with                            and          )ki = (1, 0, . . . , 0)
<latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit><latexit sha1_base64="cy7i73e8747FGJzOEMNXAgul/7E="></latexit>

v = 0
<latexit sha1_base64="j4YwN7phEAf0caH3u7ctGE/LxDw="></latexit><latexit sha1_base64="j4YwN7phEAf0caH3u7ctGE/LxDw="></latexit><latexit sha1_base64="j4YwN7phEAf0caH3u7ctGE/LxDw="></latexit><latexit sha1_base64="j4YwN7phEAf0caH3u7ctGE/LxDw="></latexit>

� i

2⇡↵0

Z

⌃
dX1 ^ d� = � i

2⇡↵0

Z

@⌃
2⇡↵0


X1|@⌃
2⇡↵0 d�

�
.

<latexit sha1_base64="YmEEzDLeBvAZDFWZkQ8+LIN6CM8="></latexit><latexit sha1_base64="YmEEzDLeBvAZDFWZkQ8+LIN6CM8="></latexit><latexit sha1_base64="YmEEzDLeBvAZDFWZkQ8+LIN6CM8="></latexit><latexit sha1_base64="YmEEzDLeBvAZDFWZkQ8+LIN6CM8="></latexit>

◾ Expand                                  , and for       compact perform the path-integralX1
<latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit>

d� = d�(0) + �(m)!
m

<latexit sha1_base64="KdEeURN17fofYLq5CPzQtWXIqSA="></latexit><latexit sha1_base64="KdEeURN17fofYLq5CPzQtWXIqSA="></latexit><latexit sha1_base64="KdEeURN17fofYLq5CPzQtWXIqSA="></latexit><latexit sha1_base64="KdEeURN17fofYLq5CPzQtWXIqSA="></latexit>
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� i
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2⇡↵0 X
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<latexit sha1_base64="9qxi1WQgqrgLSt3Z4insRTvAYHo="></latexit><latexit sha1_base64="9qxi1WQgqrgLSt3Z4insRTvAYHo="></latexit><latexit sha1_base64="9qxi1WQgqrgLSt3Z4insRTvAYHo="></latexit><latexit sha1_base64="9qxi1WQgqrgLSt3Z4insRTvAYHo="></latexit>

�(m) 2 2⇡↵0Z .
<latexit sha1_base64="iMeaY1TrEhH7Nm5m/v8jsEBZWYM="></latexit><latexit sha1_base64="iMeaY1TrEhH7Nm5m/v8jsEBZWYM="></latexit><latexit sha1_base64="iMeaY1TrEhH7Nm5m/v8jsEBZWYM="></latexit><latexit sha1_base64="iMeaY1TrEhH7Nm5m/v8jsEBZWYM="></latexit>



open string :: dirichlet III

Summary :: ◾ T-duality along a Dirichlet direction results in a T-dual Neumann direction.

◾ Winding modes of       determine momentum modes of       .X1
<latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit><latexit sha1_base64="MPG+M7ptSN3gHa+C4TN+mQo34wA="></latexit>

X̃1
<latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit>

◾ The position of            determines a Wilson loop for      .X1|@⌃
<latexit sha1_base64="Hk92ahTqUdGj8UP9DE+gUinXGIk="></latexit><latexit sha1_base64="Hk92ahTqUdGj8UP9DE+gUinXGIk="></latexit><latexit sha1_base64="Hk92ahTqUdGj8UP9DE+gUinXGIk="></latexit><latexit sha1_base64="Hk92ahTqUdGj8UP9DE+gUinXGIk="></latexit>

X̃1
<latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit><latexit sha1_base64="rlLjPmXE3lbtJx0kMFWNm9LkUCc="></latexit>

◾ The dual metric and B-field can be identified as

Ǧ11 =
↵02

G11
,

Ǧm1 = ±↵0 Bm1

G11
, B̌m1 = ±↵0 Gm1

G11
,

Ǧmn = Gmn � Gm1Gn1 �Bm1Bn1

G11
, B̌mn = Bmn � Bm1Gn1 �Gm1Bn1

G11
.

<latexit sha1_base64="/z33q92Z+7LhkSKzVyqMAhICl0c="></latexit><latexit sha1_base64="/z33q92Z+7LhkSKzVyqMAhICl0c="></latexit><latexit sha1_base64="/z33q92Z+7LhkSKzVyqMAhICl0c="></latexit><latexit sha1_base64="/z33q92Z+7LhkSKzVyqMAhICl0c="></latexit>

◾ The dual gauge field reads                                         .ǎ = X1
0 |@⌃

2⇡ dX̃1 + amdXm
<latexit sha1_base64="m3AO3LgCf/TYQ+geIz14uKT3Q/4="></latexit><latexit sha1_base64="BW7sIXsWD+9NTyZHco0mvAkGoU8="></latexit><latexit sha1_base64="BW7sIXsWD+9NTyZHco0mvAkGoU8="></latexit><latexit sha1_base64="7AeECV02AYHj763Mmwoz7vSoLps="></latexit>
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open string :: summary

Summary :: Neumann boundary conditions
◾ momentum modes
◾ Wilson loop

Dirichlet boundary conditions
◾ winding modes
◾ D-brane position

T-duality

Here :: ◾ CFT results are reproduced for curved backgrounds. 
◾ T-duality along Dirichlet directions. 
◾ Inclusion of non-trivial world-sheet topologies.
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non-geometry :: t-duality group

The duality group for toroidal compactifications is                   .O(D,D;Z)
<latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit>



non-geometry :: t-duality group

The duality group for toroidal compactifications is                    — which is generated by ::O(D,D;Z)
<latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit><latexit sha1_base64="SPmlIPnoKpCZ00/GxZJynTv6B1Y="></latexit>

◾   -transformations (                       )A
<latexit sha1_base64="GxuzB38CKVtUd+2Xpa7/pz8ESPg="></latexit><latexit sha1_base64="GxuzB38CKVtUd+2Xpa7/pz8ESPg="></latexit><latexit sha1_base64="GxuzB38CKVtUd+2Xpa7/pz8ESPg="></latexit><latexit sha1_base64="GxuzB38CKVtUd+2Xpa7/pz8ESPg="></latexit> A 2 GL(D,Z)

<latexit sha1_base64="PJvVEldQmVPhJNQQkpC6Xia01T0="></latexit><latexit sha1_base64="PJvVEldQmVPhJNQQkpC6Xia01T0="></latexit><latexit sha1_base64="PJvVEldQmVPhJNQQkpC6Xia01T0="></latexit><latexit sha1_base64="PJvVEldQmVPhJNQQkpC6Xia01T0="></latexit>

OA =

✓
A�1 0
0 AT

◆

<latexit sha1_base64="Al062y1rGcytnbhPeJNwIlo6RnU="></latexit><latexit sha1_base64="Al062y1rGcytnbhPeJNwIlo6RnU="></latexit><latexit sha1_base64="Al062y1rGcytnbhPeJNwIlo6RnU="></latexit><latexit sha1_base64="Al062y1rGcytnbhPeJNwIlo6RnU="></latexit>

diffeomorphisms

B
<latexit sha1_base64="QEUn7JRNvpDB+bDcxcYoLVAjiiM="></latexit><latexit sha1_base64="QEUn7JRNvpDB+bDcxcYoLVAjiiM="></latexit><latexit sha1_base64="QEUn7JRNvpDB+bDcxcYoLVAjiiM="></latexit><latexit sha1_base64="QEUn7JRNvpDB+bDcxcYoLVAjiiM="></latexit>

Bij
<latexit sha1_base64="Ep85Ngd5FwXb5FB3JA2BQLy37ag="></latexit><latexit sha1_base64="Ep85Ngd5FwXb5FB3JA2BQLy37ag="></latexit><latexit sha1_base64="Ep85Ngd5FwXb5FB3JA2BQLy37ag="></latexit><latexit sha1_base64="Ep85Ngd5FwXb5FB3JA2BQLy37ag="></latexit>

◾   -transformations (       an anti-symmetric matrix)

OB =

✓
1 0
B 1

◆

<latexit sha1_base64="CUefQX8kDO4BZoun5w0omkeBgFI="></latexit><latexit sha1_base64="CUefQX8kDO4BZoun5w0omkeBgFI="></latexit><latexit sha1_base64="CUefQX8kDO4BZoun5w0omkeBgFI="></latexit><latexit sha1_base64="CUefQX8kDO4BZoun5w0omkeBgFI="></latexit>

gauge transformations b ! b+ ↵0B
<latexit sha1_base64="xt/ZdryJStL1Fxel2hJW1Z4300k="></latexit><latexit sha1_base64="xt/ZdryJStL1Fxel2hJW1Z4300k="></latexit><latexit sha1_base64="xt/ZdryJStL1Fxel2hJW1Z4300k="></latexit><latexit sha1_base64="xt/ZdryJStL1Fxel2hJW1Z4300k="></latexit>

�
<latexit sha1_base64="f6HkVkn3G9o++eqCbz6l0+DfCWA="></latexit><latexit sha1_base64="f6HkVkn3G9o++eqCbz6l0+DfCWA="></latexit><latexit sha1_base64="f6HkVkn3G9o++eqCbz6l0+DfCWA="></latexit><latexit sha1_base64="f6HkVkn3G9o++eqCbz6l0+DfCWA="></latexit>

�ij
<latexit sha1_base64="gr/LOjBMeLlzyFZlACvLl+ino1o="></latexit><latexit sha1_base64="gr/LOjBMeLlzyFZlACvLl+ino1o="></latexit><latexit sha1_base64="gr/LOjBMeLlzyFZlACvLl+ino1o="></latexit><latexit sha1_base64="gr/LOjBMeLlzyFZlACvLl+ino1o="></latexit>

◾   -transformations (      an anti-symmetric matrix)

O� =

✓
1 �
0 1

◆

<latexit sha1_base64="50r/UtPykWfjTjbU00nZeKSxY80="></latexit><latexit sha1_base64="50r/UtPykWfjTjbU00nZeKSxY80="></latexit><latexit sha1_base64="50r/UtPykWfjTjbU00nZeKSxY80="></latexit><latexit sha1_base64="50r/UtPykWfjTjbU00nZeKSxY80="></latexit>

O±i =

✓
1� Ei ±Ei

±Ei 1� Ei

◆

<latexit sha1_base64="tKffBNK5XQ7CxpWyokiCY1UX3fY="></latexit><latexit sha1_base64="tKffBNK5XQ7CxpWyokiCY1UX3fY="></latexit><latexit sha1_base64="tKffBNK5XQ7CxpWyokiCY1UX3fY="></latexit><latexit sha1_base64="tKffBNK5XQ7CxpWyokiCY1UX3fY="></latexit>

T-duality transformations gii ! ↵02

gii
<latexit sha1_base64="kDqAz0tWInBPkb8CSZ1jGUR97dA="></latexit><latexit sha1_base64="kDqAz0tWInBPkb8CSZ1jGUR97dA="></latexit><latexit sha1_base64="kDqAz0tWInBPkb8CSZ1jGUR97dA="></latexit><latexit sha1_base64="kDqAz0tWInBPkb8CSZ1jGUR97dA="></latexit>

◾ factorized duality (     with only non-zero            )Ei
<latexit sha1_base64="89pRvthkiKpVNWK7TfT209v8ejw="></latexit><latexit sha1_base64="89pRvthkiKpVNWK7TfT209v8ejw="></latexit><latexit sha1_base64="89pRvthkiKpVNWK7TfT209v8ejw="></latexit><latexit sha1_base64="89pRvthkiKpVNWK7TfT209v8ejw="></latexit>

Eii = 1
<latexit sha1_base64="GGP4yWi4qCRtGaKBySuzfnEsW+Y="></latexit><latexit sha1_base64="GGP4yWi4qCRtGaKBySuzfnEsW+Y="></latexit><latexit sha1_base64="GGP4yWi4qCRtGaKBySuzfnEsW+Y="></latexit><latexit sha1_base64="GGP4yWi4qCRtGaKBySuzfnEsW+Y="></latexit>



non-geometry :: torus fibrations I

(Non-geometric) torus fibrations can be specified by

x
<latexit sha1_base64="DclgkH8XFDZxjbBnUOfmZlYT2u8="></latexit><latexit sha1_base64="DclgkH8XFDZxjbBnUOfmZlYT2u8="></latexit><latexit sha1_base64="DclgkH8XFDZxjbBnUOfmZlYT2u8="></latexit><latexit sha1_base64="DclgkH8XFDZxjbBnUOfmZlYT2u8="></latexit>

(Gab, Bab)(x+ 2⇡)
<latexit sha1_base64="BKY9VbRD9XYzgbaCm1+z5KeAPCU="></latexit><latexit sha1_base64="BKY9VbRD9XYzgbaCm1+z5KeAPCU="></latexit><latexit sha1_base64="BKY9VbRD9XYzgbaCm1+z5KeAPCU="></latexit><latexit sha1_base64="BKY9VbRD9XYzgbaCm1+z5KeAPCU="></latexit>

(Gab, Bab)(x)
<latexit sha1_base64="qyH/+xKo3nIIzZxi0Y0afavvWdw="></latexit><latexit sha1_base64="qyH/+xKo3nIIzZxi0Y0afavvWdw="></latexit><latexit sha1_base64="qyH/+xKo3nIIzZxi0Y0afavvWdw="></latexit><latexit sha1_base64="qyH/+xKo3nIIzZxi0Y0afavvWdw="></latexit>

O(D,D;Z)
<latexit sha1_base64="8mMKv2CS/KpIw9GePfd/DpTRRCU="></latexit><latexit sha1_base64="8mMKv2CS/KpIw9GePfd/DpTRRCU="></latexit><latexit sha1_base64="8mMKv2CS/KpIw9GePfd/DpTRRCU="></latexit><latexit sha1_base64="8mMKv2CS/KpIw9GePfd/DpTRRCU="></latexit>

Gij =

✓
Gab(x) 0

0 R2
3

◆

<latexit sha1_base64="2Ge99l0PrGDb+SOkhg5DFTclTc0="></latexit><latexit sha1_base64="2Ge99l0PrGDb+SOkhg5DFTclTc0="></latexit><latexit sha1_base64="2Ge99l0PrGDb+SOkhg5DFTclTc0="></latexit><latexit sha1_base64="2Ge99l0PrGDb+SOkhg5DFTclTc0="></latexit>

Bij =

✓
Bab(x) 0

0 0

◆

<latexit sha1_base64="a0SwwOh4SuW6DsRnaSHVuTAl6So="></latexit><latexit sha1_base64="a0SwwOh4SuW6DsRnaSHVuTAl6So="></latexit><latexit sha1_base64="a0SwwOh4SuW6DsRnaSHVuTAl6So="></latexit><latexit sha1_base64="a0SwwOh4SuW6DsRnaSHVuTAl6So="></latexit>



non-geometry :: torus fibrations II

The standard example for a non-geometric background is a     -fibration ::T2
<latexit sha1_base64="zMsW2FR4Fmgp4KgG94j6IjWrW2U="></latexit><latexit sha1_base64="zMsW2FR4Fmgp4KgG94j6IjWrW2U="></latexit><latexit sha1_base64="zMsW2FR4Fmgp4KgG94j6IjWrW2U="></latexit><latexit sha1_base64="zMsW2FR4Fmgp4KgG94j6IjWrW2U="></latexit>

◾ non-triviality via Q-flux

T-fold
◾ patch with    -transform�

<latexit sha1_base64="3qwcP32zapH+IyQuNMpiykbFkEo="></latexit><latexit sha1_base64="3qwcP32zapH+IyQuNMpiykbFkEo="></latexit><latexit sha1_base64="3qwcP32zapH+IyQuNMpiykbFkEo="></latexit><latexit sha1_base64="3qwcP32zapH+IyQuNMpiykbFkEo="></latexit>

OE
<latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit>

OE
<latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit><latexit sha1_base64="4GFRHGjlvPSBfJTU8ZEX87Uef84="></latexit>

OB
<latexit sha1_base64="1LmQydVs/cBFcqEmANude4pwSeo="></latexit><latexit sha1_base64="1LmQydVs/cBFcqEmANude4pwSeo="></latexit><latexit sha1_base64="1LmQydVs/cBFcqEmANude4pwSeo="></latexit><latexit sha1_base64="1LmQydVs/cBFcqEmANude4pwSeo="></latexit>

OA
<latexit sha1_base64="+P4rumdqxtYGYyMq/tglMmpTQ1k="></latexit><latexit sha1_base64="+P4rumdqxtYGYyMq/tglMmpTQ1k="></latexit><latexit sha1_base64="+P4rumdqxtYGYyMq/tglMmpTQ1k="></latexit><latexit sha1_base64="+P4rumdqxtYGYyMq/tglMmpTQ1k="></latexit>

O�
<latexit sha1_base64="oArhhndIYY6Udy356k8ChiM938s="></latexit><latexit sha1_base64="oArhhndIYY6Udy356k8ChiM938s="></latexit><latexit sha1_base64="oArhhndIYY6Udy356k8ChiM938s="></latexit><latexit sha1_base64="oArhhndIYY6Udy356k8ChiM938s="></latexit>

◾ non-triviality via F-flux

twisted T3
<latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit>

◾ patch with    -transformA
<latexit sha1_base64="SC97GMhsqr76zsWOROL4ugGW3w0="></latexit><latexit sha1_base64="SC97GMhsqr76zsWOROL4ugGW3w0="></latexit><latexit sha1_base64="SC97GMhsqr76zsWOROL4ugGW3w0="></latexit><latexit sha1_base64="SC97GMhsqr76zsWOROL4ugGW3w0="></latexit>

◾ non-triviality via H-flux

with H-fluxT3
<latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit><latexit sha1_base64="/dlJL9P9hr4ceocV9aETIKdmGfY="></latexit>

◾ patch with    -transformB
<latexit sha1_base64="ndsdTYtWcAifVKLxvpKnf1x4/lE="></latexit><latexit sha1_base64="ndsdTYtWcAifVKLxvpKnf1x4/lE="></latexit><latexit sha1_base64="ndsdTYtWcAifVKLxvpKnf1x4/lE="></latexit><latexit sha1_base64="ndsdTYtWcAifVKLxvpKnf1x4/lE="></latexit>



non-geometry :: boundary conditions

✓
D
N

◆
=

✓
↵0 0

2⇡↵0F G

◆✓
i
�
dX

�
tan�

dX
�
norm

◆
.

<latexit sha1_base64="QL5neXvZh+bj+a+nknq1Xzu0eWQ="></latexit><latexit sha1_base64="QL5neXvZh+bj+a+nknq1Xzu0eWQ="></latexit><latexit sha1_base64="QL5neXvZh+bj+a+nknq1Xzu0eWQ="></latexit><latexit sha1_base64="QL5neXvZh+bj+a+nknq1Xzu0eWQ="></latexit>

The open-string boundary conditions can be expressed using (restriction to      is understood)@⌃
<latexit sha1_base64="YWdXSryZeNdTzCKZmPO7FYrMEhI="></latexit><latexit sha1_base64="YWdXSryZeNdTzCKZmPO7FYrMEhI="></latexit><latexit sha1_base64="YWdXSryZeNdTzCKZmPO7FYrMEhI="></latexit><latexit sha1_base64="YWdXSryZeNdTzCKZmPO7FYrMEhI="></latexit>

A particular type of D-brane is selected using a projection operator

⇧ =

✓
� 0
0 1��

◆
,

<latexit sha1_base64="FrK3Qyd0c7Wv0ndKkiiOCbvpf/o="></latexit><latexit sha1_base64="FrK3Qyd0c7Wv0ndKkiiOCbvpf/o="></latexit><latexit sha1_base64="FrK3Qyd0c7Wv0ndKkiiOCbvpf/o="></latexit><latexit sha1_base64="FrK3Qyd0c7Wv0ndKkiiOCbvpf/o="></latexit>
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Question ::   are D-branes globally well-defined on non-geometric backgrounds?



non-geometry :: transformations I

The coordinate differentials behave under transformations                           asO 2 O(D,D;Z)
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T-fold

Remark :: for the T-fold, tangential and normal part are mixed.



non-geometry :: transformations II

The projection onto a particular D-brane has to be performed after the transformation
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Boundary conditions for previous examples are well-defined using                   transformationsO(D,D;Z)
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summary

Summary :: ◾ Open-string T-duality via Buscher's procedure has been discussed, 
◾ taking into account non-trivial world-sheet topologies.

◾ Using T-duality, D-branes on various flux-backgrounds are obtained. 
◾ Boundary conditions are well-defined using                   transformations.O(D,D;Z)
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