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Extended objects ~ Web of branes

Web of (some) branes
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The end  Thank you

Summary

T-duality orbits

NS5(55) — KK5(5)) Q(53) R(53) —— R'(53)
D0 — D1 — D2 — D3 — D4 — D5 — D6 — D7 — D8 — D9

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

m Probably some non-geometric effects for D-branes

m Wess-Zumino terms for & = —3,4 branes (linear)
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Dualities and fluxes  Strange objects

T-duality orbit of NS branes

o

1 2 3 4 5
NS5: x x X X X X

-
world-volume

KK5: x X X X X X

~
transverse

° ° ° ®

world-volume

Q: X X X X X X
R: X X X X X X
R’ : X X X X X X

[deBoer, Shigemori]
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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
DO: X o e e o o o o o o
Dl: X X o e o o e e e o
D2: X X X o e e e o o o
D3: X X X X e e e o o @
Di: X X X X X e o o o o (2)
D5: X X X X X X e e e e
D6: X X X X X X X e e e
D7: X X X X X X X X e e
D8: x x x X X X X X °
D9: x X X X X X X X X

! T-duality changes dimension of a D-brane
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Dualities and fluxes  Potentials

Potentials
m Dp-brane: (p+1)-form C .4
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Dualities and fluxes  Potentials

Potentials

m Dp-brane: (p+1)-form C .4
m NS5-brane — magnetic dual of the string, BPH”

H
By = Hyyp = 30,Byy) = *0Hg
| (3)
By, = Huw=70By ) < Hp
m KK5-monopole — magnetic dual of the graviton, A H1~~~H7V
Amz = emz — fmnz = 2e228[men]z — %10 f(z)z
I (4)

A ml‘..mézz - fml...m7zZ = 8a[ml‘A mz‘..m7z]Z — f(S)Z
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Dualities and fluxes  Potentials

Exotic potentials

m 53-brane, Q,P°-flux, interacts with B, ..
1

8

534 N Qa34 — 8aﬁ34 - Q(1)34
I (5)
B A..a63434 A rol...(x73434 = 96[a1B(x2‘.Aa734]34 — Q(9)34
m 5-brane, R%%flux, interacts with B, _, V12"
1 9
[334 v R2%4 — 52[334 = %10 R(0)234
I
thl...a6234234 — Ral...a7234234 = 103[a13a2...a7234]234 — R(lo)234
(6)
In general 55-brane interacts with B (64p,p)-potential
Bergshoeff, Kleinschmidt, Ricconi
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Dualities and fluxes Potentials

The problem

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

m Write an invariant Wess-Zumino term
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Dualities and fluxes  Red pill and blue pill

DFT monopole
m A solution of DFT defined by the harmonic function
H(27Y17Y27Y3)21+ﬁ (7)
iy

m and identification between the doubled coordinates
XM = (x%,x},x%,%,,%;,X,) and parameters (z,y',Z,y;)

(x*,x1,x2,x3) = (z,y L, y2,y?%), NSb5-brane, 5
(x*,x1,x2,x3) = (z,y',y2,y®), KKb5-brane, 5
(x*,x',x2,x3) = (2,y1,y2,y3), Q-brane, 53 (8)
(x%,x1,x2,x3) = (2,¥1,V2,y>), R-brane, 53

(x*,x',x2,x%) = (2,y1,¥»,V3), R’-brane, 53

m 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

XO X1 XZ X3 X4 X5 | yl y2 y3 y4 }71 }72 }”,3 5’,4 (9)

world-volume transverse directions

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

4

no issues with doubled geometry, section condition etc.

m doubled number of scalar fields on the brane

m projection condition which leaves only half of them (to keep SUSY)
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Branes — a=-2

The action

SDBI = /d6ée_2d\/|hab|\/l + QZd‘hab|_1/2(?\branec)2><

where

ed(det h)71/47\branegﬂéﬁ
V1 +eX(deth)-1/2(Ay,,,.C)?
(10)

v 0a XFOpXY + HunD o YMD YN —

9

Gup = 200 8p) + Cap (11)
is a worldvolume field strength with the following pullback of RR fields:

~ 1
Ctxﬁ = (CHV - (BHV + EA “MAVNFMN)C + \/EA PMFMC\;> 3[aX“8§]XV

1 . 1 © e
+V2ly (cH - 5A HNrNc) DX F Dy YM = STunCDe YMDy YN
(12)
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Branes — a=-2

The action
Keeping only NS-NS fields XM = (x™, x,,):

s v —/d(’ée 2d\/det ab) \/—det (8uv0aXFOXY + Ty D XMDXN) |

(13)
Kaluza-Klein-like projections

D XM = 9, XM + 9 XHA M
My = Hun — h®HapHnokb ks (14)
h,p = Hunk Mk

The section constraint (orientation):

Ny kiky =0, (15)

Allowed number of non-zero Killing vectors is half of the total.
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Branes — a=-2

Invariant Wess-Zumino term

m The exotic potentials B, p ) are all combined into

DH]“'H@MNKD xM = (Xa’;(a% acl 234 (16)

m The invariant charge

TMNKL — kaMkkachdLEade ( 1 7)

m The invariant Wess-Zumino term

SWZ = /d6€TMNKLD(6)MNKL (18)
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Branes — a=-2

T-duality frames

Nnka'kp =0, & TMNKE 50 (19)

Killing vectors kM = (k™ k,,,) satisfying the constraint define the embedding

world-volume transverse directions
X0 Xl XZ X3 X4 X5 | y1 y2 y3 y4 }71 }72 }73 5]4
NS5 x x x x x x | o e o e k k k k
KK5 x x X x x x | e e e k k k k o
Q X X x x x x | e e k k k k e o
R X X x x x x | e k k k k e e o
R’ XX X XXX | k k k o o o o

e — Jlocalization direction
k — Killing direction
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Branes — a=-2

Invariant Wess-Zumino term

All couplings to the exotic potential appear from the single term

Dpl...p61234 = Bpl...pév

Dpl...pé,1234 =A pl.,.p6117

Dpl...p6,1234 = Bp.l...p.612127 (21)
Dpl...p6,1234 = Bpl...p61231237

D 1234

Mol 1234 = Bpl...p61234 )

To gauge covariantize the world-volume WZ expression one adds w-v gauge
fields Bergshoefi, Riccioni
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Branes  a=-1

D-brane covariant potentials

e D-brane potentials C(,, 1y can be combined:

10
|X> = Zcml...mp l-vml---mp|0>
p=0
with {Ty, Int = 2n, 3 vacuum: Ir,|0)=0

e Invariant interaction

S.,, — /dwa (QITtag, O A - A dX Mo,

e The vectors kM = (k™ ko) and the charge must satisfy
Iyik|Qpi1) = 0.
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Branes  a=-1

Dynamics

DBI action written in the same variables

Sp = /dloée*d det|ha5|1\/ det (%MNéaxMébe - ) (25)
where one needs the projected derivatives
9 XM = 0, XM — (h~1)*Ple, Mk g NHnk 0. XK,
hyp = KaMkeN Hun (26)
kMK = 0.

nMN

Other approaches: Asakawa, Sasa, Watamura, Albertsson, Dai, Kao, Lin
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a

Branes

Embedding of branes

0123 456 7 89

DO k

k k k k k k k k k

k k k k k k k k

D1 k k

e k k k k k k k

D2 k k k

. e k k k k k k

D3 k k k k

. e k k k k k

D4 k k k k k

D5 k k k k k k

D6 k k k k k k k

D7 k k k k k k k k

D8 k k k k k k k k k

D9 k k k k k k k k k k

I Depending on the choice of k’s one gets different D-branes

I? D-branes can localize in dual space
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Branes  a=-3

Higher exotic branes: T ~ gs’?’

0;0,7) _ 1§0’6) _ 2:S’O,S) _ 3:S)OA) _ 4¥£’0,3) _ 5;0,2) _ 6;0,1) _

0%1,7) _ 1§176) _ 2§1,5) _ 351,4) _ 4§1,3) _ 5§1,2) _ 6§1,1) _

0;277) _ 1:2)2,6) _ 2§2,5) _ 3§274) _ 4§2,3) _ 5;2,2) _ 6:())2,1)

These interact with exotic potentials of the type

Eppraptqin = Eml c.empng..ngky Lk
—_—— ——

e.g. 4§1’3) <~ E

mj...M5UXyZ,uxyz,u
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Branes  a=-3

D7
Higher exotic branes: T ~ gs’?’

05}0,7) _ 1§0’6) _ 2:S’O,S) _ 3éOA) _ 4¥£’0,3) _ 5;0,2) _ 6;0,1) _ 7:(50,0)

0%1,7) _ 1:gl,é) _ 2§1,5) _ 351,4) _ 4:(51,3) _ 5§1,2) _ 6§1,1) _ 7:(51,0)

0;277) _ 1§2,6) _ 2§2,5) _ 3éZA) _ 4‘2’2,3) _ 5;2,2) _ 6&2,1) _ 7:(3270)

T-duality covariant potential is [EMN)

‘Emlm2> = ghi-mo ZEms...mlo,nl.A.nprnlmnp|0>

P

‘Em1q> — gMi...Myg ZEmz..‘mm,nl‘..np,qrmmnp|0>
P

Eqiq) = €™ ™0 B mnynpaqiel T 710)
P
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Branes  a=-3

D7
Higher exotic branes: T ~ gs’?’

0;0,7) _ 1§0’6) _ 2:S’O,S) _ 3éOA) _ 4¥£’0,3) _ 5;0,2) _ 6;0,1) _ 7:(30,0)

0%1,7) _ 1:gl,é) _ 2§1,5) _ 351,4) _ 4§1,3) _ 5§1,2) _ 6§1,1) _ 7:(51,0)

0;277) _ 1§2,6) _ 2§2,5) _ 3§274) _ 4§2,3) _ 5;2,2) _ 6&2,1) _ 7:(3270)

The covariant Wess-Zumino term

/d85<QM1,,,MIO|EM1M2>&XM3 A AdX Mo (27)
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Branes  a=-3

D7
Higher exotic branes: T ~ gs’?’

05}0,7) _ 1§0’6) _ 2:S’O,S) _ 3éOA) _ 4¥£’0,3) _ 5;0,2) _ 6;0,1) _ 7:(50,0)

0%1,7) _ 1:gl,é) _ 2§1,5) _ 351,4) _ 4:(51,3) _ 5§1,2) _ 6§1,1) _ 7:(51,0)

0;277) _ 1§2,6) _ 2§2,5) _ 3éZA) _ 4‘2’2,3) _ 5;2,2) _ 6&2,1) _ 7:(3270)

More interesting is the structure

[Emm) = gm0 N B g, T (0)
P

‘Em1q> — gMi---Myg ZEmz...mm,m...np,qrnlmnp|0>
P

|ECI1C12> = e ZEml"'mloanl"'npvqlqzrnl.“np|O>
p
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The end

The message

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

m For D-branes this suggests localization in dual space

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

Discussion

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

m Field theories on worldvolume (especially for D-branes)

m Generalize stuff for exceptional field theories and U-dualities

What’s the use of all that?
m Tadpole cancellation conditions for flux compactifications (Bianchi
identities), support for internal space

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

m Little string theories from NS five-branes

m Speculations around AdS/CFT correspondence
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