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Dynamics of branes in DFT
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Extended objects Web of branes

Web of (some) branes
..

M:

.

P

.

M2

.

M5

.

KK6

.

IIA:

.

D0

.

D2

.

D4

.

D6

..

IIB:

.

D1

.

D3

.

D5

.

D7

.

NS:

.

P

.

F1

.

NS5

.

KK

.

0(1,6)

.

164

.

522

.

532

.

IIB:

.

163

.

343

.

523

.

703

.

IIA:

.

013

.

253

.

433

.

613

..

M:

.

0(1,7)

.

26

.

53

.

S-duality;

.

T-duality;

.

Reduction;

.

normal

.

exotic
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The end Thank you

Summary

T-duality orbits

..

D0

.

D1

.

D2

.

D3

.

D4

.

D5

.

D6

.

D7

.

D8

.

D9

.NS5(502). KK5(512). Q(522). R(532). R ′(542)

Effective actions, which depending on orientation project down to actions
for normal branes.

Probably some non-geometric effects for D-branes

Wess-Zumino terms for α = −3, 4 branes (linear)
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Dualities and fluxes Strange objects

T-duality orbit of NS branes

0 1 2 3 4 5 6 7 8 9
NS5 : ..× × × × × ..× ..• • • ..• ..

KK5 : ..× × × × × ..× ..• • ..• ⊙ ..

Q : × × × × × × • • ⊙ ⊙ ..

R : × × × × × × • ⊙ ⊙ ⊙ ..

R ′ : × × × × × × ⊙ ⊙ ⊙ ⊙ ..

(1)

[deBoer, Shigemori]

..

T9

.

T8

.

world-volume

.

transverse

.

transverse

.

special

.

world-volume
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Dualities and fluxes Strange objects

T-duality orbit of D-branes

0 1 2 3 4 5 6 7 8 9
D0 : × • • • • • • • • •
D1 : × × • • • • • • • •
D2 : × × × • • • • • • •
D3 : × × × × • • • • • •
D4 : × × × × × • • • • •
D5 : × × × × × × • • • •
D6 : × × × × × × × • • •
D7 : × × × × × × × × • •
D8 : × × × × × × × × × •
D9 : × × × × × × × × × ×

(2)

! T-duality changes dimension of a D-brane

Edvard Musaev (Phystech) Dynamics of branes 4 / 21
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Dualities and fluxes Potentials

Potentials
Dp-brane: (p+1)-form C(p+1)
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Dualities and fluxes Potentials

Potentials
Dp-brane: (p+1)-form C(p+1)

NS5-brane — magnetic dual of the string, Bμ1...μ6

Bμν → Hμνρ = 3∂[μBνρ] → ∗10 H(3)

||
Bμ1...μ6

→ Hμ1...μ7
= 7∂[μ1

Bμ2...μ7]
← H(7)

(3)

KK5-monopole — magnetic dual of the graviton, A μ1...μ7

ν

Am
z = emz → fmn

z = 2ez̄z∂[men]z̄ → ∗10 f(2)z

||
A m1...m6z

z → fm1...m7z
z = 8∂[m1A m2...m7z]

z ← f(8)z
(4)
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Dualities and fluxes Potentials

Exotic potentials
522-brane, Q a

bc-flux, interacts with Bμ1...μ8

ν1ν2

β34 → Q a
34 = ∂aβ34 → ∗10 Q (1)

34

||
Bα1...α634

34 ← Qα1...α734
34 = 9∂[α1Bα2...α734]

34 ← Q (9)
34

(5)

532-brane, Rabc-flux, interacts with Bμ1...μ9

ν1ν2ν3

β34 → R234 = ∂̃2β34 → ∗10 R(0)
234

||
Bα1...α6234

234 ← Rα1...α7234
234 = 10∂[α1Bα2...α7234]

234 ← R(10)
234

(6)

In general 5p2 -brane interacts with B(6+p,p)-potential

Bergshoeff, Kleinschmidt, Ricconi
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Dualities and fluxes Potentials

The problem

Construct a T-covariant action reproducing the background of the DFT
monopole when coupled to DFT

Write an invariant Wess-Zumino term

Edvard Musaev (Phystech) Dynamics of branes 7 / 21
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Dualities and fluxes Red pill and blue pill

DFT monopole

A solution of DFT defined by the harmonic function

H(z, y 1, y 2, y 3) = 1+ h
z 2 + δ ijy iy j (7)

and identification between the doubled coordinates
XM = (xz, x i, xa, x̃z, x̃i, x̃a) and parameters (z,y i, z̃, ỹi)

(xz, x1, x2, x3) = (z,y 1,y 2,y 3), NS5-brane, 502
(xz, x1, x2, x3) = (z̃,y 1,y 2,y 3), KK5-brane, 512
(xz, x1, x2, x3) = (z̃, ỹ1,y 2,y 3), Q-brane, 522
(xz, x1, x2, x3) = (z̃, ỹ1, ỹ2,y 3), R-brane, 532
(xz, x1, x2, x3) = (z̃, ỹ1, ỹ2, ỹ3), R’-brane, 542

(8)

Non-geometric backgrounds depend on dual coordinates. The same for
xFT (recall Ray’s talk)

[Berman, Rudolph, Bakhmatov, Kleinschmidt, EtM, Otsuki]
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Branes a=-2

Embedding of the brane

x0 x1 x2 x3 x4 x5 | ..y 1 y 2 y 3 y 4 ỹ1 ỹ2 ỹ3 ỹ4 ..
..× × × × × × .. | (9)

Coordinates of the space-time = scalar fields on the brane
⇓

no issues with doubled geometry, section condition etc.

doubled number of scalar fields on the brane

projection condition which leaves only half of them (to keep SUSY)

..

world-volume

.

transverse directions

Edvard Musaev (Phystech) Dynamics of branes 9 / 21
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Branes a=-2

The action

SDBI =

∫
d6ξe−2d

√
|hab|

√
1+ e2d|hab|−1/2(λ̄braneC)2×

×

√√√√− ∣∣∣∣∣gμν∂αX μ∂βXν +HMND̂αYMD̂βYN −
ed(deth)−1/4λ̄braneGαβ√

1+ e2d(deth)−1/2(λ̄braneC)2

∣∣∣∣∣ ,
(10)

where
Gαβ = 2∂[α c̃β] + C̃αβ (11)

is a worldvolume field strength with the following pullback of RR fields:

C̃αβ =

(
Cμν − (Bμν +

1
2A μ

MA ν
NΓMN)C +

√
2A μ

MΓMCν
)
∂[αX μ∂β]Xν

+
√
2ΓM

(
Cμ −

1√
2
A μ

NΓNC
)
∂[αX μD̂β]YM −

1
2ΓMNCD̂[αYMD̂β]YN .

(12)

Edvard Musaev (Phystech) Dynamics of branes 10 / 21
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Branes a=-2

The action
Keeping only NS-NS fields XM = (xm, x̃m):

S (NS)
DBI =

∫
d6ξe−2d

√
det(hab)×

√
− det

(
gμν∂αX μ∂βXν +ΠMN DαXMDβXN

)
,

(13)
Kaluza-Klein-like projections

DαXM = ∂αXM + ∂αX μA μ
M

ΠMN = HMN − habHMPHNQkP
akQ

b ,

hab = HMNkM
a kM

b .

(14)

The section constraint (orientation):

ηMNk
M
a kN

b = 0 , (15)

..Allowed number of non-zero Killing vectors is half of the total.
.

Edvard Musaev (Phystech) Dynamics of branes 11 / 21
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Branes a=-2

Invariant Wess-Zumino term

The exotic potentials B(6+p,p) are all combined into

Dμ1...μ6,MNKL, XM = (xa, x̃a), a ∈ 1, 2, 3, 4 (16)

The invariant charge

TMNKL = ka
Mkb

Nkc
Kkd

Lεabcd (17)

The invariant Wess-Zumino term

SWZ =

∫
d6ξTMNKLD(6)MNKL (18)

Edvard Musaev (Phystech) Dynamics of branes 12 / 21
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Branes a=-2

T-duality frames

ηMNk
M
a kN

b = 0, & TMNKL ̸= 0 (19)

Killing vectors kM
a = (km

a ; k̃am) satisfying the constraint define the embedding

..x0 x1 x2 x3 x4 x5 .. | ..y 1 y 2 y 3 y 4 ỹ1 ỹ2 ỹ3 ỹ4 ..
NS5 × × × × × × | • • • • k k k k
KK5 × × × × × × | • • • k k k k •
Q × × × × × × | • • k k k k • •
R × × × × × × | • k k k k • • •
R ′ × × × × × × | k k k k • • • •

(20)
• — localization direction
k — Killing direction

..

world-volume

.

transverse directions

Edvard Musaev (Phystech) Dynamics of branes 13 / 21
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Branes a=-2

Invariant Wess-Zumino term

All couplings to the exotic potential appear from the single term

Dμ1...μ6

1234 = Bμ1...μ6
,

Dμ1...μ6,1
234 = A μ1...μ61

1,

Dμ1...μ6,12
34 = Bμ1...μ612

12,

Dμ1...μ6,123
4 = Bμ1...μ6123

123,

Dμ1...μ6,1234
= Bμ1...μ61234

1234,

(21)

To gauge covariantize the world-volume WZ expression one adds w-v gauge
fields Bergshoeff, Riccioni

Edvard Musaev (Phystech) Dynamics of branes 14 / 21
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Branes a=-1

D-brane covariant potentials
• D-brane potentials C(p+1) can be combined:

|χ⟩ =
10∑
p=0

Cm1...mp Γ
m1···mp |0⟩

with {ΓM, ΓN} = 2ηMN; vacuum: Γm|0⟩ = 0
(22)

• Invariant interaction

Swz =

∫
d10ξ ⟨Q|ΓM1...M10

|χ⟩dXM1 ∧ · · · ∧ dXM10 . (23)

• The vectors kM
α = (km

α , k̃αm) and the charge must satisfy

ηMNkα
Mkβ

N = 0,
ΓMkM

α |Qp+1⟩ = 0.
(24)

Edvard Musaev (Phystech) Dynamics of branes 15 / 21
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Branes a=-1

Dynamics

DBI action written in the same variables

SD =

∫
d10ξe−d det |hαβ |

1
4

√
− det

(
HMN∂̂aXM∂̂bXN + . . .

)
, (25)

where one needs the projected derivatives

∂̂aXM = ∂aXM − (h−1)αβkα
Mkβ

NHNK∂aXK,

hαβ = ..kα
Mkβ

N HMN

ηMNk
M
a kN

b = 0.

(26)

Other approaches: Asakawa, Sasa, Watamura, Albertsson, Dai, Kao, Lin
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Branes a=-1

Embedding of branes

0 1 2 3 4 5 6 7 8 9 1̃ 2̃ 3̃ 4̃ 5̃ 6̃ 7̃ 8̃ 9̃
D0 k • • • • • • • • • k k k k k k k k k
D1 k k • • • • • • • • • k k k k k k k k
D2 k k k • • • • • • • • • k k k k k k k
D3 k k k k • • • • • • • • • k k k k k k
D4 k k k k k • • • • • • • • • k k k k k
D5 k k k k k k • • • • • • • • • k k k k
D6 k k k k k k k • • • • • • • • • k k k
D7 k k k k k k k k • • • • • • • • • k k
D8 k k k k k k k k k • • • • • • • • • k
D9 k k k k k k k k k k • • • • • • • • •

! Depending on the choice of k’s one gets different D-branes
!? D-branes can localize in dual space

Edvard Musaev (Phystech) Dynamics of branes 17 / 21
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Branes a=-3

Higher exotic branes: T ∼ gs
−3

.. D7.

0(0,7)3

.

1(0,6)3

.

2(0,5)3

.

3(0,4)3

.

4(0,3)3

.

5(0,2)3

.

6(0,1)3

.

7(0,0)3

.

0(1,7)3

.

1(1,6)3

.

2(1,5)3

.

3(1,4)3

.

4(1,3)3

.

5(1,2)3

.

6(1,1)3

.

7(1,0)3

.

0(2,7)3

.

1(2,6)3

.

2(2,5)3

.

3(2,4)3

.

4(2,3)3

.

5(2,2)3

.

6(2,1)3

.

7(2,0)3

These interact with exotic potentials of the type

E(p,p+q,p+q+r) ⇐⇒ Em1 . . .mp︸ ︷︷ ︸,n1 . . .nq︸ ︷︷ ︸,k1 . . .kr︸ ︷︷ ︸
e.g. 4(1,3)3 ⇐⇒ Em1...m5uxyz,uxyz,u

(27)
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Branes a=-3

Higher exotic branes: T ∼ gs
−3

.. D7.

0(0,7)3

.

1(0,6)3

.

2(0,5)3

.

3(0,4)3

.

4(0,3)3

.

5(0,2)3

.

6(0,1)3

.

7(0,0)3

.

0(1,7)3

.

1(1,6)3

.

2(1,5)3

.

3(1,4)3

.

4(1,3)3

.

5(1,2)3

.

6(1,1)3

.

7(1,0)3

.

0(2,7)3

.

1(2,6)3

.

2(2,5)3

.

3(2,4)3

.

4(2,3)3

.

5(2,2)3

.

6(2,1)3

.

7(2,0)3

T-duality covariant potential is |EMN⟩

|Em1m2⟩ = εm1...m10
∑
p

Em3...m10,n1...npΓ
n1...np |0⟩

|Em1q⟩ = εm1...m10
∑
p

Em2...m10,n1...np,qΓ
n1...np |0⟩

|Eq1q2⟩ = εm1...m10
∑
p

Em1...m10,n1...np,q1q2Γ
n1...np |0⟩ .
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Branes a=-3

Higher exotic branes: T ∼ gs
−3

.. D7.

0(0,7)3

.

1(0,6)3

.

2(0,5)3

.

3(0,4)3

.

4(0,3)3

.

5(0,2)3

.

6(0,1)3

.

7(0,0)3

.

0(1,7)3

.

1(1,6)3

.

2(1,5)3

.

3(1,4)3

.

4(1,3)3

.

5(1,2)3

.

6(1,1)3

.

7(1,0)3

.

0(2,7)3

.

1(2,6)3

.

2(2,5)3

.

3(2,4)3

.

4(2,3)3

.

5(2,2)3

.

6(2,1)3

.

7(2,0)3

The covariant Wess-Zumino term∫
d8ξ⟨QM1...M10 |EM1M2⟩d̂XM3 ∧ · · · ∧ d̂XM10 . (27)
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Branes a=-3

Higher exotic branes: T ∼ gs
−3

.. D7.

0(0,7)3

.

1(0,6)3

.

2(0,5)3

.

3(0,4)3

.

4(0,3)3

.

5(0,2)3

.

6(0,1)3

.

7(0,0)3

.

0(1,7)3

.

1(1,6)3

.

2(1,5)3

.

3(1,4)3

.

4(1,3)3

.

5(1,2)3

.

6(1,1)3

.

7(1,0)3

.

0(2,7)3

.

1(2,6)3

.

2(2,5)3

.

3(2,4)3

.

4(2,3)3

.

5(2,2)3

.

6(2,1)3

.

7(2,0)3

More interesting is the structure

|Em1m2⟩ = εm1...m10
∑
p

Em3...m10,n1...npΓ
n1...np |0⟩

|Em1q⟩ = εm1...m10
∑
p

Em2...m10,n1...np,qΓ
n1...np |0⟩

|Eq1q2⟩ = εm1...m10
∑
p

Em1...m10,n1...np,q1q2Γ
n1...np |0⟩ .
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The end

The message

One is able to construct a single action for several branes, related by
T-duality

For D-branes this suggests localization in dual space

Structure of T-dualities between branes repeats when going down in
powers of gs.
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The end What’s now?

Discussion

Prove microscopically, that D-branes (do not) localize in the dual space,
calculate instanton corrections

Field theories on worldvolume (especially for D-branes)

Generalize stuff for exceptional field theories and U-dualities

What’s the use of all that?

Tadpole cancellation conditions for flux compactifications (Bianchi
identities), support for internal space

String behavior on such backgrounds: non-commutativity and
non-associativity

Little string theories from NS five-branes

Speculations around AdS/CFT correspondence
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Thank you for your attention!
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