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1A KK-monopole

# A KK-monopaole in D dimensions can be considered an extended object
with [ — 1 spatial dimensions and one extra isometry direction transverse
to the worldvolume,

# |n order to get the right counting of degrees of freedom this isometry is
gavged, such that the effective number of embedding scalars & 3, fitting
in a [} = 4 dimensional vector multiplet,

+ The effective action is described by a [ — 4 dimensional gauged sigma-

model
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Table 1: Worldvolume field content of the ITA KK-monopole, Tt oan-
sists an a bform o a Oform w7 and 3 embedding sealars X, ficting kn a 6 dimensional
vistar aaltiplet. Ose extes digree of [resdom has been eliminated through the ganging
eonstruetion. The 5-form o™ describes the tensicn of the monapole. We also inchide the
warldvalume solitons and the azsocinted interzection.

The action
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The gauged sigma model metric is given by IT; = 4.3, X", where

My = G = |k|_?j='.u-t'u .

with I the Killing vector associated to the transverse target space isometry.



The type A KK-menopole couples to a G-form (1, V) where NV is the Poincaré
dual of the Killing vector k.
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The Poincaré dual of w'" is the 3-form w** KK-monopole.
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IIB NS-5-brane
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Table 2: Worldvolume field content of the IIB NS-5-hrane. In the case
of the IIB & 5-5-brane, there are foor embedding coardinnies X¥ and one voctos fedd o1,
The 5:form &% descritees the tensban of the 5-hrase,

The action

§ = —Tus [ e f1 + &2 (CU, f|det (g+[ﬂww}mf}l

+ L(2ray Ty [ A€ er-tag)
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The IIB NS-5-brane couples to the 6-form B, the Poincaré dual of the N5-NS
2-form B in type 1B,
Worldwalume curvatures
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e is dual to a 3-form &%, In the linear approximation:

1 -
Gia=3 TV1T egmEe B * Ty,

S-duality with the D-5-brane is achitved with no extra 3-form field.

S-dualily
¢V —+ Born-Infeld field
& — ¥ (Dynamical Tension of D5)




1A NS-5-brane
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Table 5 Worldvolume fields of the ITA NS5-5-brane. The [1A N 5-5-brane
contains four embedding coardinates X%, a scalar e and a selfduad 2 form &', The
fi-formn b describes the tension of the S-brane.

The acton
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The IA NS-5-brane couples to the 6-form B, the Poincaré dual of the N5-NS

2-form B in type 114,
Worldvolume curvatures
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lIB KK-monopole
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Table &: Worldvolume feld content of the ITB KK-monopole. In the
case af the ITH KK-monopole, thero are theeo embediding cosndinates X#, after gauge fxing
the Taul-NUT esordinate, two worldvolame scalars w9 509 corstituting & doubled
upnbér S-duality, a self-dual 2-form A% [Sesclfdual) and a S-form S, describing the

tension of the KK-monopale and alsn £-selfilual,

The action
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The 1B KK-monopole couples to a target space field
dual of the Killing vector as a 1-form k.

The gauged sigma-model metric [1;; is defined as for the 11A KK-monopole.

Here XTATK is the SL(2, B)-invariant combination
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The Self-duality of the 2-form w!® in the linear approximation takes the following
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The action of the 1B KK-monopole is invanant under S-duality:

S-duality
L —t
AL gy

w'*! S.selfdual
w* S-zelfdual

The solitons occurring in this brane fit into representations of the S-duality group.



T-duality: 11B N5-5 +— lIA KK

Target-space T-duality
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Worldvolume T-duality

[IB MN5-5-brane solitpns T-duality ITA KK —monopale solitons

3-brane® (2|K K, N55) ﬁz — o (3|N 55, KK) 3-branc*
O-brane (0]01, N535) O g g (0] 02, K K) 0-brane
4-brane (4]05, N53) L r———_) (4]0, KK} 4-brane

Table 5: T-duality. In this table we give the T-duality rubss for the wochivelume Gelids,
We give azwell the hrane solitons that couple to each worldvolume field. The * indicates
that they coupls to the Paincard dual of the ficld. These solitons can he seon ae opealng
of intersecting Leaned, We also give the cortesponding intersection,

T-duality is perfomned along a coordinate 2 transverse to the 5-brane. This
coordinate appears naturally gauged after the T-duality, so that the number of
worldvolume dimensions dees not change (this is a difference with respect to the
D-brane case).



T-duality: 1A NS-5 +— 1IB KK

Target-space T-duality
By e 7 Nuy gz -

Worldvalume T-duality

ITA N5-5-brane solitons T-duality Ilﬂﬂ-mmmgﬁ_ha solitons
3-brane® (3| KK NS5) | =52 +— '™ | [3|NS55, KK) 3-brane®
3 brane® (3|04, NE5) | o e o™ | (3105, KK) 3-brane |
1-brane (1|02, N55) | a'® fep o' {1]£3, K K) 1-brane

Table iz T.duality. In this table we give the T-duality rubes for the warldvolume Gelds,
W give aswel] theo heane solitosns that couple 1o each wotldvolume feld. The * indicates
that they coaple to the Poaincaré dual of the field. These solitons can be seen as opening
of intersecting branes. We also give the corresponding Intersection,

T-duality is performed along a coordinate transwerse to the S-brane.
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T-duality 1B N5-5 <+ IIA N5-5

T-duality between both type Il 5-branes is achieved by a double dimensional
reduction of both branes. We call ¥ the target space direction along which
we reduce and we make it coincide with some wordvolume direction o, The
worldvolume directions are thus now split in the form § = {i, 7).

Target space T-duality

dl-ll-- sy Hﬁ-l---uw

Worldvolume T-duality

[IB NSfbrane solitons Teduality 1A ME-S-brane =olidons |
2-brane® (2|03, N55) | 7 +— &0 | (3|4, N55) 3-brane*
O-beane (0101, N55) | e e aly | (1102, NS5} 1-brane
2 brane (2|03, N85) | & +— uﬁl (1)02, N55) 1-brane

Table ¥: T-duality. Inthis table we give the T<duality mles for the worldvolem febds,
Wo give sswell the brane solitons that couple to cach worldvolume field. The * indicstes
that they coupbe to the Poincart doal of the Ged. These sofitons can be seen as opening
o imersecting branes, W also give the corresponding imersectbon,

Motice that although the KEA-maonapole is T-dual to the [IB S-brane with ane
1-form e'*), the 11A 5-brane is dual to the 11B 5-brane in a " 1-3-form” formalism.

A Poincaré deality on the 3-form &% is neaded to recaver the [IB S-brane in the
1-form formalism

11



T-duality 1A KK « 11B KK

T-duality between both type Il KK-monopoles is achieved by a double di-
mensianal redection of both branes. We call ¥ the target space direction along
which we reduce and we make it coincide with some worldvolume direction o
The worldvolume directions split in the form § = (i,a). The gauged isometry
direction is kept the same in both monopales,

Target space T-duality

l:-i! 'n"r]m sy T [iﬂﬂm T

Warldwolume T-duality

A KK-monopole solitons T-duality 1B KE-monapole zalitons
Fbrane* (3NS5 KK) | '™ = ™ | (3NS5, KK) 3-brane®
2.brane®* (2104, KK) | e o™ | (3|D5, KK) 3-branc*
O-berane (O]02, KK} u.r“" — (103, K K) 1-brane
2brane (204, KK) | wll e wl (D3, KK) 1-brane |

Tahle 8: T-d1mllt3.r. In this table we give the T-duality rules for the worldvalume
fielids, We give nswell the brape salitons that eouple 1o each warldvolume Rebd. The *
indicates that they couple to the Poincard dual of the ficld. These solitoms can he seen as
opening of intersecting branes. We also give the corresponiding intersection.

The worldvalume solitens of the KK-manopoles cauple to warldvalume curvatures
of the ferm M + 5 (1C) + ..., hence these solitons can be interpreted as
boundaries of branes that couple to O and have one direction wrapped around
the Taub-MUT isometry. T-duality éxchange these salitons between the KK-
manopales,
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