Non-linear electrodynamics of exotic branes
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Intro Strings and branes

The fundamental string

Polyakov action [Deser, Zumino (1976); Brink, DiVecchia, Howe (1976), Polyakov (1981)]

/ d2% (x/ﬂ h**G,, + eabBw) DX HX. 1)

1
Sy =
B o

The string interacts with (and sources)

m the metric Gyy;

m antisymmetric gauge-field B, = %deX“ A dXY with H3 = dB,.
The closed string has more massless excitations = Ramond-Ramond supergravity fields

IIA : C17 C3;

@
IIB : Co, Cz, C4.

These interact with D-branes [Polchinski (1995)]

String theory is a theory of not only strings
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Intro Strings and branes

D-branes

m String perturbation theory:
D(irichlet)-branes are surfaces where open strings end

m Full theory:

D-branes are dynamical objects of tension Tpy, ~ gi

Dirac-Born-Infeld action for a Dp-brane:

1
Spp = Top /deoe \/‘ ab+Bab+2 - Fap

kinetic (DBI) part Wess-Zumino part

+Tp, /Cp+1 +. (3)

E. S. Fradkin, A. A. Tseytlin, “Non-linear electrodynamics from quantized strings” (1985)
E. S. Fradkin, A. A. Tseytlin, “Fields as excitations of quantized coordinates” (1985)

Main idea: integrate out string body coordinates keeping quantized coordinates of the string
ends
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Intro Strings and branes

Magnetic monopole

The NS-NS 2-form B, can be dualized: full non-linear
xd«Hz+---=0 = dH;=0, (4)

introducing the magnetic NS-NS 6-form potential Buy-»u(, interacting with a 5-brane (NS5)

Wess-Zumino coupling

SWZ = Tg / B,, electic coupling to B,
I
S‘I/\\r]szs = TNS5/ Bg + ..., electric coupling to Bg, (5)
s
1
Tnss ~ —

S

Type |IB theory: the NS5-brane is S-dual to the D5-brane

[Eyras, Janssen, Lozano (1998)]
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Intro Strings and branes

Magnetic graviton

(0

The same can be done with the vielbein ey

xt = (x™,z)

in the KK setup only linearly

1
fr” = —foa”dx™ A dx™,
2 (6)
fzz — fgz = *fzz — A711

introducing the magnetic NS-NS (7,1)-potential A 1, . m,z, - interacting with a 5-brane (KK5)

S‘I/(\% = Tkks Az1+4 ..., magnetic coupling to gravity,
- ™
Txks ~ —
S
the KK5A-monopole is T-dual to the NS5B-brane [Eyras, Janssen, Lozano (1998)]

Full non-linear theory of the magnetic graviton is not known and probably not needed
[Hohm,Samtleben (2018)]
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Intro Strings and branes

T-duality

E. S. Fradkin, A. A. Tseytlin, “Quantum Equivalence of Dual Field Theories,” (1984)
T. H. Buscher, “A Symmetry of the String Background Field Equations,” (1987)

m Full quantum symmetry of the sigma-model [Fradkin, Tseytlin (1984)]
m Symmetry of string background field equations [Buscher (1987)]

® Maps (smeared) branes into each other

Dp «+— D(p+£1)
8
NS5 «— KK5 +— 5, «—3 5,3 +— 5,% ©)

[Shelton, Taylor, Wecht (2005)]

Z VA
D1 D1 - D1 D2

s AT
/X‘//l y / Y
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Intro Knaccudmkauus

Branes of co-dim > 2

M: P M2
HA: /DO ( D2 \ / D4
11B: D1 D3
|
P——H
NS ----------------"-"-"-"-"-"-"-"-"-"-"-"-"----
01,60 —— 1§
I
IIB: 1§ \ / 33 \
nA: \ 0% 23
M:  o7) 26
——  S-dualityy ———  T-duality; = ——— Reduction;

[de Boer, Obers, Pioline, Shigemori, ...]
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Intro Knaccudmkauus

Exotic NS 52-brane A
2 (G’ B)|2ﬂ = O(G’ B)O

m 5 spatial volume directions

X
m T~gl%
m 2 special cycles
m described by a T-fold
X0 X1 X2 X3 X4 X5 X6 X7 X8 X9
NS5(55): X X X X X X e e e e
KK5(5): X X X X X X e e e © ®)
53 X X X X X X e e O O

G+BG™!G BG™! 1 p™] [G+BG'G BG™
Gle 671 :| (27—() = |:0 ﬁl :| |: Gle Gfl (O) (10)
(@
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Intro Knaccudmkauus

Non-geometric 5% background

h
m KK5 monopole H(r) =1 + o r2=p2 = (x1)2+ (x?)? + (x%)?

N2 L
ds? = H(r)™ (dz +A idxl) + H(r)djdx'dx) + dsfy 5),

(11
B= 0, Za[iA i = €ijkakH(I‘)
m 53-brane (smeared), H(p) =1 + hlogﬂ, p? = (x1)? + (x?)?
P
2 _ H 42 312 1y2 2\2 2
dS = m((dx ) + (dX ) ) +H((dx ) + (dX ) ) +dS(1’5), (12)
B= dex4 A dx®
H?2 +h?0

® Monodromy 6 — 0 4 21

[Shelton, Taylor, Wecht (2005), deBoer, Shigemori (2012)]
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Intro Knaccudmkauus

Objects of string theory

NS branes :

m Flstring, T ~ g2, el. interacts with By,
m NS5brane, T ~ gs_2 magn. interacts with By,
m KK5 monopole, T ~ g;2 magn. interacts with GZ“
Dp-branes (R-R sector)
1 . .
m Dp-brane, T ~ gs el. interacts with CM,,“,HPH,

Exotic branes, co-dim.< 2
m NS sector: 5%, 5%, 53 branes, T ~ g;z interact with T-duals of By, and G,

m R sector: P-branes, interact with U-duals of C(p>

“Exotic” branes are natural objects of string theory
appearing on equal footing with Dp and NS5 branes.
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Intro Knaccudmkauus

The statements

m We construct a single action describing 5123 branes living in a doubled space-time;

m A particular brane is chosen by a projection to the ordinary space-time, equiv.
orientation in the doubled space-time;
[Blair,EtM(2017), Bergshoeff,Kleinschmidt,EtM,Riccioni(2019), Molina,EtM(2022)]

m Exotic branes, i.e. p > 1, generate backgrounds depending on dual coordinates )?H;

m These solve equations of double field theory
[Bakhmatov,Kleinschmidt,EtM (2016)]

m Dependence on dual coordinates has been shown to result from the string world-sheet
instanton corrections [Harvey, Jensen (2005), Kimura,Sasaki,Shiozawa (2018)]

m Similar backgrounds have been found for exotic branes of M-theory
[Bakhmatov,Berman,Kleinschmidt,Otsuki,EtM (2017), Berman,EtM,Otsuki(2018)]
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Intro HamoTaHHble CTpyHb!
String on a torus TP
®m  Momentum and winding modes of the closed string are combined

Xm m
= M= L] coordinates [Tseytlin (1990)] (13)
L

m Mass spectrum is invariant under O(D, D);
2 = PMHM PN +
generalized metric:

g—Bg'B Bg!

(14)
Hun = [ o 1B o1 } , H— OO, O eO(D,D)

m The invariant dilaton 1
d:<p+110gg (15)

Edvard Musaev (PhysTech) Exotic branes 11/20



Intro HamoTaHHble CTpyHs!

Doubled space-time

m Momentum and winding modes of the closed string are combined

\—/pl\/l_\m = XM= [; } coordinates (16)

m Local O(10,10)-covariant geometry

LoTM = shift[T] + GL(n)-rotation[T] Riemannian geometry

an
LATM = shift[T] + O(10,10)-rotation[T].  Generalized geometry

m Consistency condition: fields depend on either x™ or its dual X,

[Hohm, Hull, Zwiebach]
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Intro HamoTaHHble CTpyHs!

T-duality frames

world-volume transverse directions

A A

xPxh o X3 x|y v oy oyt Y Y2 s Y
NS5 x X %X X X x | o e e e k k k k
KK5 x X x X X X | o e e k k k k e
Q X X X X x x | e e k k k k e (18)
R X X X X X X | e k k k e e o
R X X x x x x | k k k k e e o e
e — |ocalization direction
k — Killing direction
M N _ | 0 la
NMvnKa Ky =0, My = [14X4 0 (19)

Killing vectors KM = (k™; k,,,) satisfying the constraint and will define the embedding
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Intro HamoTaHHble CTpyHs!

Covariant potentials
NS sector [Bergshoeff, Kleinschmidt, Nutma, Pefias, Riccioni, ...]
5,0 : By .. el Helivpo — Hlvpo

16

5,0 : BM“_HWG,SM'--MHVP = DWvp,

2. HghV MNKL _
5,2 By, et = D ADMNKLL NN =1, 20,
3. BT
5271 By ,wpeet o = DFps
4, 0
5" 1 By 0pvpo "1 = Dy
R-R sector

1
€Y =2 oy Cone, T 100
p

Clifford algebra of O(10,10)

(T, T} =8,", T.[0)=0.
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Intro HamoTaHHble CTpyHs!

The invariant action

S=-Ts / d%ez%\/m\/ — det HHMNéaYMébYN — 1" ed(deth) <?\br\gab>H

—Ts /DMl'“M4TM1MMméYM5 FANCRRIVAN éYMlO + Swz H)\br>v g}

t = \/1+ e (deth)~ (AnlC)2,
(23)

Information of the orientation
kaMkanMN = 0 bosonic Killing vectors
k.MI'v| Apr) = 0 spinorial brane charge

TMi-Mo — gar-anjMi 1M hosonic brane charge
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Intro HamoTaHHble CTpyHs!

Background

DFT-monopole interacting with background fields

Srul = Sorr[Hwn, d] + Ss—brane[Y ] (24)

Solution dual to the NS5-brane background (localized KK5-monopole):

A 2 .
ds? = H(r)"! (dzz +A idxl) +H(r)dydx'dx +dshy;, B=0  (25)

Dependence on zZ comes from counting worldsheet instanton contributions
[Tong (2002), Harvey, Jenssen (2005)]

- h
H(Z,r):1+22+rz :>1+< Jrz —kr— lkz+z kr+1kz> (26)
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Intro HamoTaHHble CTpyHs!

CornlacoBaHHOCTb C 06LLEeN KapTUHOM

— — T-duality or Buscher rules
H-monopole H-monopole
NS5 1oc. X9 — . X9
oc. isom. — — reduction
<— —instanton correction
KK KK-monopole KK-monopole FK'T(%"'OPO"? KK-monopole
loc. X°? isom. X° e A isom. X8, X°
isom. X
52 Q-monopole Q-monopole IQ-m)o(r;opole Q-monopole
2 loc. X° nzom. X° oc. A, nzom. X8, X9
isom. X
D=10 D=10 D=9 D=9 D=8

[Jensen, Harvey, Gregory, Moore, Kimura, Sasaki]
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HamoTaHHbIe CTpyHbI

Intro

T-duality frames: D-branes

The same is true for Dp-brane backgrounds

DO x
D1

D2

D3

D4

D5

D6

D7

D8

D9
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Exotic branes
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Intro U0 Teneps?

Open questions

m Full gauge invariant action for the KK5-monopole: gauge parameters depending on Z

m Consistent treatment of the background/effectiver action correspondence for exotic
branes (the magnetic graviton problem)

m Instanton correction and T-covariant description for D-branes
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Cnacn6o 3a BHUMaHue!
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