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Extended objects  Branes in string theory

Branes and strings

Spectrum of string theory is populated by various branes

m The fundamental string F1, T ~ g2: perturbative dynamics, spectrum,
amplitudes, T-duality, source of B(2);

m D-branes, T ~ g1 position of open string ends, sources of RR gauge
fields C(p);

m NS5-brane, T ~ g, 2: magnetic dual of F1, source of B);

m KK-monopole, T ~ g, 2: magnetic dual of the graviton, T-dual of the NS5;

m other exotic branes, T ~ g, % a > 2: T- and S-duals of geometric branes,
sources of exotic potentials;
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Extended objects  Branes in string theory

Dynamics

m Fl: gauge invariant kinetic and Wess-Zumino actions;
m NS5 & KK5: gauge invariant kinetic and WZ, T-covariant kinetic action

m Dp: DBI actions for various p’s, gauge invariant WZ actions
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Extended objects ~ Web of branes

Web of (some) branes

IIA: DO D2 D4 D6
DU N N N /
IIB: D1 D3 D5 D7
| /
F1 U NS5 - KK
NS:
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DO :
D1:
D2:
D3:
D4
D5 :
D6 :
D7 :
D8 :
D9 :

Convenient notation:
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Extended objects ~ Web of branes

T-duality orbit of D-branes
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Extended objects ~ Web of branes

Web of (some) branes

IIA: DO D2 D4 D6
DU N N N /
IIB: D1 D3 D5 D7
| /
F1 | Q NS5 - KK
norma
NSy ------------- otie T TTTTTTTTmm JLEEEETELTEEE P
525
\
IIB: 5 750
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Extended objects ~ Web of branes

T-duality orbit of NS branes

0 1 2 3 4 5 6 7 8 9
NS5=5): x x x x X

world-volume transverse

KK5=5l: x X X X X X e e e @

world-volume transverse special (3)

53 X X X X X X e e O 0O
53 X X X X X X e O 0O 0
53 X X X X X X 0 0 60 6

[deBoer, Shigemori]
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Extended objects ~ Web of branes

Special directions

Manifestations of special directions

m Number of isometric non-worldvolume directions with non-trivial
monodromy;

m Dependence of background on dual coordinates;
m Mass formula for states of 3D supergravity: fully wrapped branes

2 2
Ry...RyRZ,,...RZ,,

M[bS] = = tension of the brane (4)

m Interaction with mixed symmetry potentials

bnC = A Byl oV Ve =A (b+c+1,c) (5)
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Extended objects ~ Web of branes

Web of (some) branes

ITA: 1 1 4, 1
I1B: 1 31 5 71
|
norma
NSy ------------- otie " TTTTTTTTom el EEEEEEEEY B
7N\ \
IIB: 1579 304 5 750
A N N BN
1IA: 0§0’7) 1;1,6) 250,5) 3§14) 4§03) 5§12) 6§0’1) 751,0)
I B N P N P BN
1IB: 0;177) 1§2,6) 2(15) 3(24 4(13) 5;2,2) 6(1,1) 7;270)
VN B N P N
1A: 07 2% 43 65"
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The end  Thank you

The results

T-duality orbits for « = —1,-2, -3, —4

m T-covariant Wess-Zumino actions for these T-duality orbits has been
constructed. Embedding into DFT.

m For the D-branes orbit depending on orientation these project down to the
actions for normal branes.

m Coupling of some exotic branes to massive IIA backgrounds

m The results suggest non-geometric effects for D-branes
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Branes and potentials ~ DFT

T-duality and DFT

m String on T¢ — T-duality group O(d,d) (drop the torus in DFT);
m Doubled coordinates XM = (x™ Xp); T-duality: T, : x +— X;
m section constraint for consistency of the theory, kills half of XM;

m Potentials combine into irreps of O(d,d)

a Potential Object

1 C, (spinor) Dp-branes

2 DMNPQ — D [MNPQ] NS 5-branes

3 | Epng (gamma-traceless tensor-spinor) | ex. branes (S-dual of D7)
4 Fai oy = B, ) (self-dual) ex. branes (S-dual of D9)
4 FMi-- My NN ((4,2)-tensor) exotic branes

4 FMi--M7.N1 ((7.1)-tensor) exotic branes

Edvard Musaev (Phystech) Dynamics of branes 11/ 21



Dynamics  Invariant description

Covariant potentials

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

10

X) =Y Conyoon, T™7010) (6)
p=0

e O(10,10) algebra that includes GL(10) as TM = (T™, T,,):

{FM7FN} = 2nl\/ﬂ\] = {]_—'n”l"n} = 6mn7

. (7)
Clifford vacuum: r,|0)=0
e For each brane one defines a charge (Q]
it (Qf = (0] = {(QTm, .y [X) = Conymy )

if <Q‘ = <O‘Fﬁ1 = <Q|Fm1...m9ﬁ1|x> = le...m9~
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Dynamics  Invariant description

D9-brane WZ term

The conventional Dp-brane Wess-Zumino term

C=Cy+C+Co+...
]:2 0 1 2 )
szq/ ANC,  where {]_.2 db, + B, 9

Generalize this for D9 to a DFT expression

— Q a(0|r
SLY, = /dloé Q,,S7'C.  where 10 2101; ?"‘r“ (10)
S‘F — e 2 mn
Invariant under gauge transformations
0B, =dX,, 0b;=-L;,
2 1 1 1 (11)

6C = JA +SrISF'A
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Dynamics  Invariant description

WZ term for « = 1 branes

m D9-brane gauge fixing: x™ = &™ = avoid doubled world-volume

m T-duality acts on the brane charge Qqq

—_— q —
Q, = ?@\1“0 Ty = Q101“9,

m The brane extends along the winding direction Xq
m Wess-Zumino term

SD8, — / d:Q,S5'C = / d°cQ,S7'C

Doubled space-time| momentum x™ [ winding X,
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Dynamics  Invariant description

WZ term for « = 1 branes

m D9-brane gauge fixing: x™ = &™ = avoid doubled world-volume

m T-duality acts on the brane charge Qqq

—_— q —
Q, = ?@\1“0 Ty = Q101“9,

m The brane extends along the winding direction Xq
m Wess-Zumino term

sy — / d0eQ S5'C

Doubled space-time| momentum x™ [ winding X,
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Dynamics  Invariant description

a = 2 branes (NS5 and friends)

NS5 interacts with the field Dy whose field strength is

ITIA : H7:dD6 —Cl/\G6+C3/\G4—C5/\G2;

1IB : H7:dD6+C0/\G7*C2/\G5+C4/\G3*C6/\G1.

Gauge invariant RR field strengths:

Gp+1 = de + H3 AN Cp—2

Covariant potential, that contains Dg = Dy, . m, = € D mnkl

m;...mgmnkl

MNKL kl k
D = (Dmn ,Dmn 17DmnklaDmnklvankl)

Also need Dy, D
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Dynamics  Invariant description

a = 2 branes (NS5 and friends)

DFT language for field strengths

HMNP _ aQD QMNP + érMNPC

Remind:
001 104
C = p'lemp rmlmp|0> s G = Zﬁcmlmp rmlmp|0> 7
p=0 =0

' HMNP knows about isometries of exotic 55-branes with p > 0.

m NS5: for D™P9 completely gauge invariant;
m KK5: for D™P  must set x4 isometric;

n 5%: for D“““pq need two isometric directions;
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Dynamics  Invariant description

a = 2 branes (NS5 and friends)

”Gauge invariant” and O(4,4) invariant Wess-Zumino term:

NSS /déa QM [DMNPQ+ngNPQc] ) (19)

m Brane embedding breaks O(10,10) <= O(4,4) x O(6,6)
1—‘M = (rAv er*) s (20)

m Charge Qypg encodes the chosen brane
m T-duality flips chirality of the Clifford vacuum |0}, i.e. IIA « IIB
m T-duality in transverse directions changes charge:

QU s QP (1)
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Dynamics  Invariant description

o = 2 branes (NS5 and iriends)
m T-duality in transverse directions changes charge:
QR QPP (22)

m Gauge invariance requires x9 be an isometric direction (expected for the
KK5 monopole)
0 1 2 3 4 5

I x2 x5 x2 x5 x? |yl yT oyt Yyt Y1 Y2 Y3 Vs
5 x X X x x x | e e e e k k k k
5. x x x x x x | e e e k k k k e
5 x x x x x x | e e k k k k e (23)
5 x x X x x x | e k k k k e e o
5 x x x x x x | k k k k e e e o
e — localization direction, k — isometry direction

[1409.6314, 1607.05450, 1712.01739] and older papers by Jensen, Harvey
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Dynamics  Invariant description

Coupling to massive IIA

In the DFT language Romans mass is introduced by simple generalized
Scherk-Schwarz deformation [Hohm, Kwak]

c — C+%5321r1|0>, (24)

WZ term fora =1

1 1
1 1 EN a
SrC — SrC +m—= (p+1) balfazaS---fap_lapl" <-T%|0), (25)
! p has to be chosen manually at each step
WZ term for « =2

gNSsm _ / 46z QMNPQ[DMNﬁQ L GrYNPOC i arINRO(g LS 0y (26)
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The end
Discussion

The results

m Gauge invariant and DFT-covariant Wess-Zumino for « = 1,2,3,4 have
been constructed;

m Explicit expressions for gauge invariant field strengths and couplings to
the massive Type IIA theory;

Questions and speculations
m Static gauge has been chosen, no doubled worldvolume;
m Manifest DFT-covariant kinetic term is still needed;

m For D-branes all this suggests localization in dual space, need microscopic
picture;

m Consistency between localized backgrounds and the constructed WZ
terms;

m Interpretation of brane creation process massive IIA in terms of Eq4
constructions;
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