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string theory - not only a theory of strings

basic objects

coordinate fields Xµpσ, τq with world-sheet coordinates σ, τ

closed strings σ P r0, 2πq with Xµpσ, τq “ Xµpσ ` 2π, τq
open strings σ P r0, πs

e.o.m. for the open string features 2 possible constraints
Dirichlet boundary condition δXµ “ 0 , at σ “ 0, π
Neumann boundary condition BσXµ “ 0 , at σ “ 0, π

string theory - also a theory of "dynamical" branes?
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general properties of branes

quantizing the open string yields

scalar fields φI (transverse fluctuations of the brane)
gauge field Am on the brane

tension Tp „
1

lp`1
s

1
gn
s

non-perturbative objects

Do D-branes exist in any dimension?

depends on the string theory you look at
no Dp-branes in heterotic string theory
do exist in type I
Dp-branes with p even in type IIA
Dp-branes with p odd in type IIB
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brane charges

Are D-branes electrically charged?

D-brane
q
ż

Σp

Cp`1

Ramond-Ramond flux Gp`2 “ dCp`1

lower dimensional D-branes electrically charged under
Ramond-Ramond flux

dual Ramond-Ramond field strength

‹Gp “ G̃D´p “ dC̃D´p´1

higher dimensional D-branes magnetically charged under
Ramond-Ramond gauge fields q̃

ş

ΣD´p´2
C̃D´p´1
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Excursion I: Maxwell theory

electrically charged point particle under a gauge field A

q
ż

dτBτXµpτqAµpX pτqq “ q
ż

Σ0

A

electrically charged string under Kalb-Ramond field B

q
ż

Σ
B2

electrically charged p-brane under p ` 1-form Cp`1

q
ż

Σp

Cp`1
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Excursion I: Maxwell theory

field strength F2 and dual field strength F̃2

F2 “ dA1 , ‹F2 “ F̃2 “ dÃ1

Bianchi identity (Maxwell’s equations)

dF2 “ 0 , d ‹ F2 “ J
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low-energy effective description

p-brane solution

ds2 “ Z
´ 1

2
p ds2

|| ` Z
1
2
p ds2

K

ds2
||
Minkowski spacetime along the brane

ds2
K flat Euclidean space transverse to the brane with radius r

warp factor completely determines the p-brane solution

Zpprq “ 1`
qp

r7´p , for p ď 6

qp a constant related to the tension of the p-brane
corresponding Bianchi identity

dG “ q δpxKq

p-brane localized by δ in D ´ p ´ 1 directions
typically boils down to a Poisson equation

∆D´p´1Zp “ δpD´p´1qprq
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The NS5-branes

Which object is magnetically charged under the H-flux?

magnetic counterpart of the fundamental string
counting: B2 Ñ H3 Ñ H̃7 Ñ B̃6 Ñ 5-brane
codimension 4 brane

ds2 “ ds2
6 ` fH dŝ2

4 , Hmnp “ ´
a

|g4|ε4mnpqgqrBr ln fH , e2φ “ fH

where dŝ2
4 “

ÿ

m“1...4

pdxmq2 , r2
4 “

ÿ

m“1...4

pxmq2 , fH “ e2φH `
q
r2
4

sources H-flux
Hmnp “ ´ε4mnpqδ

qrBr fH
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branes related by stringy dualities

Are there more branes related by string dualities?
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Smearing/T-dualizing p-brane solutions

p-brane solution

ds2 “ Z
´ 1

2
p ds2

|| ` Z
1
2
p ds2

K

Smearing relates proper warp factors

Zp`1prD´p´1q „

ż

dx ZpprD´p´1q , r2
D´p´1 “ x2 ` r2

D´p´2

x a direction transverse to the p-brane
new isometry direction for the smeared p-brane

Buscher rules (radial inversion) take care of the correct powers
of the warp factor in the metric

#

Zpprq Ñ Zpprq´1 , T-duality transverse to the brane
Zpprq´1 Ñ Zpprq , T-duality along the brane
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T-duality chain of NS-branes

NS5´brane

smearing
ÝÝÝÝÝÝÑ
T´duality

KK´mono. smearing
ÝÝÝÝÝÝÑ
T´duality

Q´brane smearing
ÝÝÝÝÝÝÝÑ
T´duality?

R´brane?

Hassler, Lüst ’13
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The KK -monopole

a solution to pure 5d general relativity

codimension 3 brane

ds2 “ ds2
6 ` fK dŝ2

3 ` f ´1
K pdx ` adyq2 , Hmnp “ 0 , e2φ “ 1

where dŝ2
3 “ dρ2 ` ρ2dϕ2 ` ρ2 sin2 ϕ dy2 , fK “ e2φK ´

qK

ρ

twisted by a connection a
sources the geometric flux

f x
ϕy “ f

´ 3
2

K BρfK
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3 ` f ´1
K pdx ` adyq2 , Hmnp “ 0 , e2φ “ 1

where dŝ2
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The Q-branes

one of the many branes first found by string dualities

codimension 2 brane
non-geometric vacua of standard supergravity

metric g and b-field b no longer well-defined

geometric vacua of β-supergravity

ds̃2 “ ds2
6 ` fQ dŝ2

2 ` f ´1
Q pdx2 ` dy2q , βxy ‰ 0 , e2φ̃ “ f ´1

Q

where dŝ2
2 “ dρ2 ` ρ2dϕ2 , fQ “ e´2φ̃Q ´ qQ ln ρ

sources non-geometric Q-flux

Qϕ
xy “ ´f

´ 3
2

Q BρfQ
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2 “ dρ2 ` ρ2dϕ2 , fQ “ e´2φ̃Q ´ qQ ln ρ

sources non-geometric Q-flux

Qϕ
xy “ ´f

´ 3
2

Q BρfQ

André Betz Max-Planck-Institute for Physics Munich

Smearing NS-branes



branes NS-branes Bianchi identities

The Q-branes

one of the many branes first found by string dualities
codimension 2 brane
non-geometric vacua of standard supergravity

metric g and b-field b no longer well-defined

geometric vacua of β-supergravity

ds̃2 “ ds2
6 ` fQ dŝ2
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Excursion II: β-supergravity

no non-geometric flux present in standard supergravity

LNSNS ” e´2φ
a

|g |
`

Rpgq ` 4pBφq2 ´ 1
2H2˘

with geometric NS-fluxes f a
bc , Habc

How do we make non-geometric fluxes appear?

field redefinition pgmn, bmn, φq Ø pg̃mn, β
mn, φ̃q

β-supergravity (rewriting LNSNS)

L̃β “ e´2d`Rpg̃q`4pBφ̃q2`4pβabBbφ̃´T aq2`RQ´
1
2Racd f b

cdηab´
1
2R2˘

with non-geometric NS-fluxes Qa
bc , Rabc
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NSNS Bianchi identities without sources

Bianchi identity for H-flux in standard supergravity

DA “ 2eφpd´H^qpe´φAq , D2 “ 0 ô d2 “ 0 and dH “ 0

Bianchi identities for Q- and R-flux in β-supergravity

DA “ 2eφ̃pd ´ q∇a ¨ ιa ` T _`R_qpe´φ̃Aq ,

D2 “ 0 ô

$

’

’

’

’

&

’

’

’

’

%

Brbf a
cds ´ f a

erbf e
cds “ 0

BraQf s
de ´ βgrdBg f es

af ´
1
2Qg

de f g
af ` 2Qragrd f es

f sg “ 0
BaRghi ´ 3βdrgBdQa

his ` 3Rdrghf is
ad ´ 3Qa

drgQd
his “ 0

βgrdBgRabcs ` 3
2RgrdaQg

bcs “ 0
Blumenhagen, Deser, Plauschinn & Rennecke ’12
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sourced corrected Bianchi identities for NS-branes
smearing warp factors and Poisson equations

$

’

’

’

’

&

’

’

’

’

%

fH“const ` q
r2
4

fK “const ` qπ
r3

fQ“const ´ 2qπ ln r2
fR“const ´ 2qπ2|r1|

Ó

ż

ùñ ∆i f “c δpiqpri q

source corrected Bianchi identities
NS5-brane

BraHbcds ´
3
2 f e

rabHcdse “
CH
4 ε4Kabcdδ

p4qpr4q

KK -monopole

Brbf a
cds ´ f a

erbf e
cds “

CK
3 ε3Kbcd ε1

||aδp3qpr3q
Villadoro & Zwirner ’07Q-brane

BraQbs
cd´βgrcBg f ds

ab´
1
2Qg

cd f g
ab`2Qragrcbds

f sg “
CQ
2 ε2Kab ε2

||cdδp2qpr2q
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The end

Thank you!
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