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Motivations

o The low energy effective theory on the Higgs
branch in N' = 2 sQCD is hyperKéhler

o ...N =1sQCD is Kihler

o Topology, metric
— low energy effective action

o Topology
— topological excitations in the gauge theories
— non-perturbative effects

o In extension of the line of research of Nitta et.al.
(BPS domain walls) and Eto et.al. (BPS domain
walls and SO/USp vortices)
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A simple model : O(3)
Let us consider a simple model with a scalar field
® = (¢1, ¢o, #3) and target space S:
1 2 2
£ =310, +u(1—\q>| ) ,

with a constraint by means of a Lagrange
multiplier. This is a conformal field theory with
equation of motion

06— (&-08)>=0,

which bears the name non-linear sigma model.
Finite energy solutions are constant at spatial infinity,
hence symmetry breaking occurs

0(3) > 0(2).

A primer



Lumps : topological solitons

A primer
Topological solutions to this equation exist and are
characterized by the map
$:82-82, m(SH=1z,

and this integer can be calculated as the pull-back of
the standard area-form on S2.

In this model there exists a Bogomol'nyi bound

E > 27|N].



The CP!-model

Rewriting in terms of the Riemann sphere coordinate
on the target space the O(3) model

_ ¢1tide ro 9,RO"R

R(z,z)=——"= e
(Z,Z) 1+¢3 ’ (1—|—|R|2)2 )

which is indeed the CP'-model in which the
Bogomol'nyi equation is

gR _ 0 = R _ R(Z) [A.A.Belavin & A.M.Polyakov,
- - )

JETP Lett.22:245-248 (1975)]
which is also known as the Cauchy-Riemann equation.
In fact, the solution is every holomorphic function
which can be written as a rational map

A primer
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Non-Abelian Vortices

In non-Abelian gauge theory U(1) x G’ with a fully
nggsed vacuum An introduction to

non-Abelian

(H) ~ 1, S
vortices are supported by
T (UQ)xG)~7Z.
The true gauge group should be considered as

UL xG 5 Taxo

G =
Zno nO

Sl

e2miMmng g

u)



Color-flavor symmetry

The vortex vacuum (H) ~ 1 is color-flavor symmetric
' .. However, it is broken down by the vortex

c+f*
solution giving rise to orientational moduli:
Geyr

HC+f '

An introduction to
non-Abelian
vortices



The U(N) non-Abelian vortex

A U(N) gauge theory with Ny flavors of squarks in the

fundamental representation An infroduction to
vortices
[~ LF2 o pHOH) - (HE ’
‘C =1r 2 g2 nv + ( ) 4 ( - SHN > )

which has to be considered as the bosonic sector of
an N = 2 supersymmetric theory.

[Eto et.al., Phys.Rev.Lett.96:161601,2006 [hep-th/0511088].
Hanany & Tong, JHEP 0307:037,2003 [hep-th/0306150]; JHEP 0404:066,2004 [hep-th/0403158].

Shifman & Yung, Phys.Rev.D70:045004,2004 [hep-th/0403149].

The FI parameter £ > 0 puts the theory on the Higgs
branch and it has the moduli space M = Gry n,. The
(BPS) vortices are supported by a non-trivial
m1(U(N)) = Z and they have a SU(Ny) flavor
symmetry acting from the right.



The fundamental U(N) vortex

The fundamental vortex in U(N) with N flavors is the
embedding of the ANO vortex

Hpano O

_ t
H_U<0 ILN1>U’ UecSUN)..s,

where all internal zero modes are Nambu-Goldstone
modes generated by the symmetry breaking of the
vortex

SU(N).is

CcPV! = :
SU(N — l)c—i-f x U(l)c+f

An introduction to
non-Abelian
vortices



BPS equations

Performing a Bogomol’nyi type completion

T = /Tr

>—§/1&Fu.
C

2
+4|DH|? — ¢F1p

g An introduction to
non-Abelian
F12 — 5 (HHT 5]1]\]) vortices

we obtain the Bogomol'nyi bound.
To solve the BPS equations we take the ansatz

H=8Y2,2)Hyz), W=-iS"(2,2)3S(z,z),

with z = x! + ix2, while the other BPS equation is
rewritten to the master equation

o (Q—lég) _ iz (Q—IHOH(T) _ §1N) , Q= S(z,é)S(z,z)T 7

where Hy(z) is an N x Ny holomorphic matrix
containing all the moduli of the BPS vortex.
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Supersymmetric non-linear o-model

We now want to write down the low energy effective
theory of a supersymmetric model. The Kahler

quotient of a
gauge theory

Taking the Kdhler potential describing the theory in
question in terms of chiral superfields :

K=K(®,9),
the bosonic part of the non-linear c-model can be
written as
L= —gn0up o'’ ith =2 9k
= —8i0u9' 0" 9" , Wil 8ir = (9725‘37@ )

g7 being the metric on the Kédhler manifold.



Kéhler potential for a gauge theory

Consider an A/ = 1 gauge theory with a simple gauge
group G with Ny chiral superfields in the fundamental
representation [J of the gauge group along with a N

vector superfield V’ quotient of &
gauge theory

K=Tr {QQTe’V/}

notice that the invariance of the Lagrangian is G©, e.g.
for SU(N) it is SU(N)® = SL(N, C) or for U(N) it is
U(N)® = GL(N,C)

)
/ AV —int o1 i
eV etheV e with e € G©

we would now like to calculate the Kéhler quotient i.e.
integrating out the vector multiplet



Roads to a low energy effective theory

° lst road [M. A. Luty and W. Taylor, Phys. Rev. D 53, 3399 (1996)]

o fix the gauge, i.e. Wess-Zumino gauge < resolve

the D-term constraints
The Kihler

o take the limit g — 0 quotient of a
o mod out the gauge symmetry gauge theory
o 27 yoad

o take the limit g — oo
o mod out the full complexified gauge symmetry
o 3" road

o write down the holomorphic invariants
o identify algebraic relations (e.g. the Pliicker
relation)

In fact, these ways are all identical.

A comment in store is that the validity is strongly
dependent on being in the full Higgs phase, i.e. full
rank of @



A quick example : SU(N) gauge theory

Let us consider a quick example of an SU(N) gauge
theory.

The Kéhler

K=Tr {QQTe’V/} quotient of a
1

gauge theory

=N [det QQT} N 2" road
1
N

3" road

2
- N ’

S ‘ BA)
@)

where det QQ' = 0 resembles the Coulomb branch.
This is a point on the target space which is a Zy
conifold singularity. As the name suggests, gauge
fields become massless at this point, which gives rise
to the singularity.




Lifting the singularity : U(N) gauge theory

o U(N) : the singularity can be lifted by an FI N

parameter £ > 0 quotient of a
gauge theory

K—Tr [QQTe*V/e*Ve] eV,
3 log det QQ' 2" road

og |3 ‘B<A>‘2
@)

N
]£V 3" road

with V, being a U(1) vector superfield



CP! revisited

Using the last result, we can re-obtain the CP! model. The Kiblor
U(1) gauge theory with Ny = 2, gauge fixing @ ~ (1,b).  auotientofa

gauge theory
K =¢logQQ' =¢log (1+bf?) |
which yields the Lagrangian

9,b9"b
(1+b2)*

as we expected.



@ A primer

@ An introduction to non-Abelian vortices
(3@ The Kihler quotient of a gauge theory
(@ The SO, USp Kihler quotients

(3) Expansion of the Kihler potential

(6 The SO, USp hyperKihler quotients
(@ Non-linear o model lumps

Interlude : vortices and lumps

(@ Lump results

Constructing the new vortices

@ Explicit example: U(1) x SO(2M)

@ Conclusion

Constructing the
new vortices

Explicit example:
U(1) x SO(2M)

Conclusion



N =1,SO(N) and USp(2M = N) gauge
theories

The Kéhler potential can be written as

Kihler quotients

K="Tr [QQTe—V’} , e

where the following constraints on the gauge fields
kick in

VIJ4+dV =0 o e V'JeV =J,
0 1y

with J = (elM 0
gauge group respectively.

) where ¢ = +1 for the SO, USp



D-flatness conditions

The D-flatness conditions in Wess-Zumino gauge read
_ T _ The SO, US;
DA - Tr FQWZT'AQWZ =0 ’ Kéiler quotﬁents

with T4 € {so(N),usp(N = 2M)}. These conditions fix
{SO(N)®,USp(2M)®} to {SO(N), USp(2M)}

These conditions are difficult and as far as we know
they have not been solved in the literature.



The moduli space of vacua : SO case

The VEVs can after fixing global and local symmetries,
be put on the form

<sz> = diag(al,.. . ,aN,O,...,O) R
——
Nrp—N

The SO, USp

and the classical moduli space of vacua in a generic Kabler quotients

point (that is a; # a; for i #j) is

U(Nv)
UNg —N) x (Zg)¥ 1
~ quasi-NGs x NGs .

MSO(N) ~ RZ_X X

While in the most symmetric vacuum a; = a1, Vi

INIV+1) U(Nw)
Msom ~ RZV V) i '
SO(N) + U(NF — N) X SO(N)color+ﬂavor




The moduli space of vacua : USp case

The VEVs can after fixing global and local symmetries,
be put on the form (N = 2M)

<sz> = ﬂ2®diag(a1,...,aM,O,...,O) R
——

Mp—M

The SO, USp

and the classical moduli space of vacua in a generic Kabler quotients

point (that is a; # a; for i #j) is

U(Nw)
U(Ng — 2M) x USp(2)M
~ quasi-NGs x NGs .

Musp(am = RY

While in the most symmetric vacuum a; = a1, Vi

M ~ RMEM-1) U(N¥)
USp(2M) — T+ U(NF — 2M) X USp(zM)color+ﬂav0r ;




Key point : enlarging the algebra

Let’s take the vector multiplet to be in SU(N) 3 e~V

K=Tr |QQteV + (e_VITJe_V/ — J)}

The SO, USp

o e.o.m.s for \ solve the constraint of the algebra of Kilhler quotients

SO/USp
o e.o.m.s for V' include )\, but )\ can be eliminated
from these

The solution is obtained as
X =/QQle™"\/QQ
N CENCTRCRACTD,

K=TrX ond road




The solution in terms of holomorphic
invariants

Using another trick, i.e. rewriting a color trace as a
The SO, USp
ﬂaVOI‘ trace Kihler quotients

TI‘C VAAT = TI‘F\/ATA

we can write the solution as

K =TryvVMM?t 3™ road
with M = QTJQ being the meson field



Target spaces

o USp

Muysp = {M|M € C¥r x N, MT = —M,
rankM = 2M¢}

The SO, USp
Kihler quotients

o reflects the fact that there are no independent
baryons in this USp gauge theory

o SO

Mso = {M, B4 |M ¢ CMr x CMr, MT = M,
det M4 B) — (detJ) BA'BB),
N¢ — 1 <rankM < N¢}



Extending the gauge group with an overall
U(1)

Thus, we consider the theories in the class

G=U(1l) xG, with G’ = {SO(N),USp(2M)} . The S0, USp

Kihler quotients
Using the result from previously together with the
e.o.m. for V,, the Kéhler potential can now be written
as

K = Tr [QQTe—V’e—Ve 1V,
= ¢log TrpVMMT

with V, being a U(1) vector superfield
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VEVs as expansion point

For large N (Ny) it is a hard task to compute the
Kahler potential. It will prove convenient to develop
an expansion formula.

We expand around the VEVs which can be written as

SO T :
M uMu™ = dlag(,u]_, M2,y UN, 0, ce ) 5 Expansion of the

vev — :
Kihler potential

1 )
M‘(;fe%p EuMuT = ( -1 0 ) ®d1ag(,u17,u27"' HUM707"') .
These can be written as

(Mvev)ij = Hi(J)ij = (J)iij ) (1)

with JJ the invariant tensor of SO, USp.



Expansion formula

Considering a small fluctuation
¢> =M — Mvev )

we can write a trace of a function f as

Tr|f(Xo + 6X)] = j'{ d\ F(\)Tr [)\leo—éX]
= TFV(Xo)]

< q , 1 n
+;2mi7€dv(A)TrKM_XO&() }

Expansion of the
Kihler potential

where

X:MMT XO - dlag(u%7 7,“’]2\[0) )
0X = Myev¢' + Mg, + 99" .



Integrations

We just need to evaluate the line integrals around the
positive real axis excluding the origin as it is a
branch point of f(x) = /x

A, (g,
(ML ) Mn 27TL f )\ /Jl

which can easily be done, then it’s just summing up the
terms to arrive at the expanded Kahler potential

Expansion of the
Kihler potential



The expanded Kéhler potential for SO(N)

¢U Ji
T2 Z i +
Z 2] ¢U¢Jk¢kl Lee.
2 /’Ll + M] ,UJ + Mk)(ﬂk + ,U/z) Expansion of the

Kihler potential

(1)
1 M]NkC il
- I bl + c.c.

(
T3 Z P U ¢U¢Jk¢kz¢h 1 Z PU ¢u¢ Prid):

ijkl Ukl ikt
+ Kahler trf. + O(¢5) )

with P and C being standard symmetric polynomials



Scalar curvature for SO(N)

From the expanded potential we can compute the

curvature
R|¢:0 = —2g1°78183 logdetg‘
¢=0 Expansion of the
Kihler potential
Hr
= 9 >0,
%; (uz + 1y Zk: (ke + 1) (par, + u;-))

Note that a singularity emerges at 2 vanishing
eigenvalues, that isrank M < N — 2



Scalar curvature for USp(2M)

For the USp case

Mc

4
R 4 >0.
lp=0 = ZJ: i + 1 Z (e + i) (e + 115)

Expansion of the
Kihler potential

Note that again a singularity emerges at 2 vanishing
eigenvalues, however, this time we have

rank M <N — 4

We would naively expect it to arise already at

rank M < N — 2, that is, we need full rank to have a
regular solution



Deformed Kéhler potential

Inspired by the conical singularity, we consider
deforming to Kahler potential to detect a singularity
arising already at rank M = N — 2, we consider the
deformation

Kysp deformed = Tt VMM + 2.
Expansion of the

Taking now only one eigenvalue, ;11 — 0 we find a term  kapier potential
in the scalar curvature
2

lim R|,_, D —,

u11r—>n0 |¢_O €
which shows the presence of a singularity for one
vanishing eigenvalue, that is corresponding to an
unbroken USp(2) ~ SU(2) symmetry.
For USp(4) we have found by direct computation an
orbifold singularity emerging at rank M = 2
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N =2 SUSY : hyperKéhler quotient for
SO(N) and USp(2M = N)

Considering the A/ = 2 gauge theory, we can write the
Kaihler potential as

K="Tr [QQTe_V/ +Q'Qe" + ) (e_V/TJe_V' — J)]

with the superpotential

The SO, USp
hyperKéhler

W =Tr [QQE’ Fy (E’TJ + JZ’)} Rl

Using the algebra of SO, USp, V" = JTe V' J the
Kaihler potential can be written as

K=Tr [QQTe*V’ +JTe V' I(QTQ)T + A (e’V/TJe’V/ - J)}



Defining now a field with 2Ny flavors
Q = <Q7 JQT)
the Kéhler potential can be written as

K="Tr [QQTe’V/ + A (e’V/TJe’V/ — J)}

The SO, USp
hyperKéhler

then the A/ = 1 solution readily applies! quotients
K =TrpV MM,
where the meson field now is

M=0%JQ.



Constraint coming from the superpotential

The following constraint

0JoT =0 , where J = 0 Ly ,
—elpyy O

that is )
MT = 6M ’ MJ M - 0 5
The SO, USp
and N¢ — 2 < rankM < N which shows the hyperKéhler
well-known result, that St

o An SO(N¢) gauge theory has a USp(2Ny) flavor
symmetry

o A USp(2M) gauge theory has an SO(2Ny) flavor
symmetry



Resultant spaces for the hyper-Kéhler
quotients

USp(2Nr) and SO(2Ny) isometries act on the SO(N¢)
and USp(2M) spaces, respectively. Locally in generic
points we have

Ne USp(2Nr)

MSO (N¢) — >0 x USp(QNF _ 2NC> (Z2)NC—1
U(Nr)
R TheSOlUSp
2 R0 X T(Np —Ne) x (Zo)¥e 1 typerEinier
MHEK ~ gMc o SO(2Ny)
USp(2Mc) = >0 7 SO(2Ny — 4M¢) x USp(2)Mc
U(Nr)
D) R>o X

U(Nr — 2Mg) x USp(2)Mc °

These spaces are HK spaces of cohomogeneity N and
Mg, respectively.
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Non-linear ¢ model lumps

Lumps are stringy topological textures which are
supported by a non-trivial m5(M) associated with a
holomorphic map from the C-plane (spatial) to a
2-cycle of the target space of the non-linear ¢ model.

The lumps we want to consider here are 1/2 BPS
configurations.

Non-linear o
model lumps



Lumps in U(1) x G’ Kdhler quotients

Considering a non-linear o model of a U(1) x G’ Kahler
quotient. Let ¢ € {I'} JU(1)® be inhomogeneous
coordinates on the manifold then a static lump
solution is obtained by

¢°(t,2,2,5%) — ¢°(2;¢') |

with ¢ being complex constants which indeed are the
moduli parameters of the lump and the tension is

T = z/KaBa¢aa¢5’ = 2/ 88K’ .
c 6—(2) C 6—(2)

Non-linear o
model lumps



Description of lumps

It will prove convenient to use the holomorphic G’

invariants I' satisfying constraints as homogeneous

coordinates

I'(2) = B2 + 02" ),

with n; the U(1) charges of the invariants I'.

v is some number

V:niv k€Z+, nOZng({ni}‘IfleV#O)v
0

such the invariants are holomorphic

Finally, the inhomogeneous coordinates {¢®} can be
found from the ratios of these G’ invariants, namely
being U(1)® invariants, which is analogous to the
rational maps in the Abelian case

Non-linear o
model lumps



The lump condition - small lump
singularity

Lump condition Common zeros

All points in the base Common zeros in the G’
manifold C must be invariants give rise to a
mapped to the full Higgs small lump singularity -
phase by the zero size ~ local vortex

holomorphic map

o for U(N) the two conditions above are in fact
identical

o the lump condition is stronger than the other
condition

o the existence of the difference implies that there
exists a type of singularity of non-vanishing size

o this singularity is a typical property of lumps in
NLoMs with a singular submanifold

Non-linear o
model lumps
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Taking the strong coupling limit

gauge theory NLoM

8§

semi-local vortex lump

o even for finite gauge coupling there the two are
closely related
o in fact the dimensions of their moduli spaces have
relations Interlude

lumps



Dimensions of the moduli spaces : U(N)

Grassmann sigma model:

dime M AT = dime MY R = BN -

[A.Hanany & D.Tong, JHEP 0307, 037 (2003) [arXiv:hep-th/0306150]]

[Eto et.al. J.Phys.A 39, R315 (2006) [arXiv:hep-th/0602170]]

In fact the moduli space M (V(’)rtf\;‘ is identical to

MEUmP - when the lump condition has been applied,

U(N), Ny
that is Interlude :d
Mk vortex  — Mk lump I"gz;cses an

U(N), Ny U(N), Np *



Dimensions of the moduli spaces : SO(N)
The dimension of the moduli space for £ vortices in a
U(1) x G’ gauge theory with Ny = N is

EN?
dime M J7res = e
where ng is the greatest common divisor of the
Abelian charges of the G’ invariants.

[Eto et.al., arXiv:0802.1020 [hep-th]]

In fact we find for both odd and even N (and Ngr = N)

that 2

: k—vortex -lun _ kN
where ny = 2 for SO(N = 2M) and ny = 1 for vortices and
SO(N =2M +1). tumes

There are internal moduli in the lump solutions and
the moduli of the lump solutions are sufficient to
describe the vortex moduli space. This is quite
different from the Grassmann lump.



Dimensions of the moduli spaces :
USp(2M)

The number of moduli for Mg = M is

#moduli in M(z) = dim@/\/llfjtq;(é% — kM |
Note, there exists no regular solution in this NLoM.
The difference is due to the surviving color flavor
symmetry USp(2)M even at a generic point in the
vacuum.
We would guess that

i " hesi lar 1 1 EM Interlude :
—vortex ~ —singular lump vortices and
Myspem) ~ Muspem) X (CP ) . lumps

To cure this singular configuration, we need more
flavors My > M.



Moduli matrix formalism

Both in the case of U(1) x SO(N) and

U(1) x USp(2M), additional NG modes can emerge
as moduli at special points of a vortex My, = /.

To study the vortex moduli, it proves convenient to
consider the moduli matrix Q(z) which is redundant
up to V-equivalence

Qz) ~ V(2)Q(2) -

[Eto et.al. J.Phys.A 39, R315 (2006) [arXiv:hep-th/06021701]

The boundary conditions for the moduli matrix are

Interlude :
vortices and

SO(2M), USp(2M) : Q¥ (2)JQ(2) = Myey2" + O(zF71) | i
SO(2M + 1) : QT (2)JQ(2) = Myeyz® + O(z% 1) .

[Eto et.al., arXiv:0802.1020 [hep-th]]
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Relation between the vortex moduli space
and the lump moduli space

We expect on the grounds of the former results the
following relation

MFE-Tump {a\a e MEvortex the lump condition} :

Lump results



Effective action of lumps

By promoting the moduli parameters to superfields on
the lump world volume

*(t,2,2,%°) — ¢ (z; & (t,x%)) .

we can write the effective action

Kump = / dedz K (6(z.¢'(t,2%), ¢l (2,8 (8.4%)) .

Lump results



Identifying non-normalizable modes

We can identify non-normalizable modes by finding a
divergence in the Kihler potential which cannot be
removed by Kihler transformations.

The only normalizable modulus in a single lump

in U(1) x SO(2M) and U(1) x USp(2M) is the center
of mass.

Lump results
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Constructing vortices from the new lumps

We can use the our technology from the lumps to
construct the vortices or similarly consider the lumps
configurations and turning on a finite gauge coupling.
The BPS equations in the case of SO(N) and USp(2M)
are

DH =0,

R € (e (HHED — %) — 0
12—\/TW<1"( )—U)— )

g (HE' - JHHET) =0,

a ta_
12 4

and we can apply the same ansatz as for the U(IV) case

H = Se_l(z,Z)S/_l(Z,Z)HO(Z) 5 Constructing the

new vortices

with S, € U(1)® and S’ € G'® = {SO, USp}°.



Constructing the vortices from the new
lumps

This leaves us with the master equations for SO(N)
and USp(2M)
Ll

AN
2
Aoyt = %(QOQ’_l —JH Qe HTT)e Y,

DO = —— (Tr (22 e ¥ —v?), (2)

where e¥ = S,S], ' = §'S't and Qy = HOHg.

Now, inserting the moduli matrices found for the lump
we have obtained the vortices of the SO(N) and
USp(2M) gauge theories.

[Eto et.al., arXiv:0802.1020 [hep-th]]

Constructing the
new vortices



Local vortices

Having the construction of the vortices for a general
gauge group and explicitly for SO(N) and USp(2M),
we can restrict them to local/ANO-like vortices.
This corresponds to having common zeros in the
holomorphic invariants

n:

k
Ié}/ (HO,local) = [H(Z _zl)] Iirev s

=1

which in terms of the moduli matrix is

k
Hg‘,local( )JHO local H Z — Zl
=1

Constructing the
new vortices



Local single vortex in SO(2M) or USp(2M)

A single local vortex in SO(2M) or USp(2M) can be
written as

_((z—20)1yy O
HO,local(Z) - < BA/S 1y s

with By /g being anti-symmetric for SO(2M) and
symmetric for USp(2M).

Constructing the
new vortices
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A simple example : U(1) x SO(2) lumps

The moduli space is
M = CP! x CP!,
of which the second homotopy group is
(M) =Z4 RZ_ .

The quark fields i.e. the moduli matrix can be written
as
_( Qi) Q32 >
0= (i) o) )

which are holomorphic functions of degree k.,
respectively. The tension reads

T == /(C 28(§KU(1)XSO(2) == ’ﬂ'f(k_t,_ + k_) = 7T§k . Explicit example:

U(1) x SO(2M)



The minimal U(1) x SO(2) lump solution

Taking a moduli matrix for a £ = 1 solution

e - (* 5 9.

which has the meson field
M(z):( 0 2—21> 7

z—21 2c

and the Kéhler potential

K =¢log (2\/\2 —z112+ ]cl\2> :

where z; is the position and c; is a size/regularizer.

Explicit example:
U(1) x SO(2M)



The minimal U(1) x SO(2M) lump solution

Extending this solution for 2 = 1

Q. —(#m-A C A = diag(z1,22, - ,2m)
k=1 = 0 1y )/’ | C=diag(cy,co, - ,cp) -

and the Kihler potential

M
K:§10g<2z |z—zi\2+|ci|2>.
i=1

where z; are M positions and ¢; are sizes/regularizers.

Explicit example:
U(1) x SO(2M)
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Conclusion

o We have obtained explicitly the Kéihler metric and
potential for SO(N), USp(2M), U(1) x SO(2M)
and U(1) x USp(2M) theories

o Key point : bigger algebra with constraints in
the form of Lagrange multipliers

o Expansion of the Kahler potential around the
VEYV, from which we have obtained the scalar
curvatures

o We have obtained explicitly the Hyper-Kéhler
metric and potential for SO(N) and USp(2M)
theories

o We have studied the normalizability in the new
lump solutions

Conclusion



Further developments

Qo

Qo

Metrics and potentials for other representations,
especially the adjoint representations

Hyper-Kéahler quotients of exceptional groups, Es 7
etc.

Admission of a Ricci-flat non-compact Calabi-Yau
metric

Construction of a massive deformed theory and
domain wall solutions

Q-lumps in the U(1) x SO(N) and

U(1) x USp(2M) Kahler quotients
Dynamics of lumps

Cosmic lump strings and their reconnection

Composite lumps like triple lump-string
interactions

Lump-strings stretched between domain walls

Conclusion
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