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Introduction — progress on domain wall

= Soliton - Playing an important role in physics

- Domain wall solution =8 Brane world scenario
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Introduction — progress on domain wall

= Soliton - Playing an important role in physics
- Domain wall solution =8 Brane world scenario
= Massive hyper-Kahler nonlinear sigma model on TG ar

- D=5 N=1 SUSY U(N) gauge theory coupled to M massive flavors including the
Fayet-lliopoulos term with infinite gauge coupling limits
- NCym number of discrete vacua
MA, Nitta, Sakai, 2003

- Domain wall solutions interpolating them are derived based on the moduli
matrix approach

Isozumi, Nitta, Ohashi, Sakai, 2004
U(N)
U(N — M) x U(M)

= The moduli space of the wall: Grassmannian Gy =
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Introduction

" Gy . - one of compact Hermitian symmetric spaces (HSS)

U(N)
UN — M) x U(M)
Es E-
SO(10) x U(1) Ee¢ xU(1)

OV = SO(N + 2) SO(2N) Sp(N)
T SOWN)xU()  UN)  UWN)

GyN.m =
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= Question: How about a NLSM on T* M (M is the HSS except G, )?

o Page 5



Introduction

" Gy . - one of compact Hermitian symmetric spaces (HSS)

OV = SO(N + 2) SO(2N) Sp(N)
UN - M) xU(M) T SO(N)xU() UN)  U(N)

GyN.m =

SO(10) x U(1) Ee¢ xU(1)

= Question: How about a NLSM on 7" M ( M is the HSS except G s )?
- The moduli matrix approach can be used in SUSY gauge theory.

- Need to describe a NLSM on 7" M as a SUSY gauge theory (with infinite
gauge coupling limit)

- Difficult to construct a SUSY gauge theory corresponding to a NLSM on 7" M
other than T*Gy a1 , for example, T+ Q™ .

(cf. MA, Nitta, 2006, MA, Lindstrom, Kuzenko, 2007)
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Introduction

= Simplifying setup
- Observation: Cotangent part is irrelevant for vacua and domain walls in TGy ar
l Isozumi, Nitta, Ohashi, Sakai, 2004

—
L= /d49K(<I>,<I>T, ¥, ¥T) + mass term

- The cotangent part can be dropped for investigation of vacua and walls.
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Introduction

= Simplifying setup
- Observation: Cotangent part is irrelevant for vacua and domain walls in TGy ar
l Isozumi, Nitta, Ohashi, Sakai, 2004

—
L= /d49K(<I>,<I>T, ¥, ¥T) + mass term

- The cotangent part can be dropped for investigation of vacua and walls.

- The result is respected as one of the massive Kahler NLSM on Gy s .

L= [ d*6K(®,®") + mass term
——

'

Base manifold part

- The situation would be the same for other NLSMs on T°M (M is the HSS).
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Purpose of our work

= Domain walls in massive kahler NLSM on the complex quadric surface
Ny SO +2)
Q" =
SO(N) x U(1)

in 3-dimensional space-time.

MA, Lee, Shin, 2009
L= /d49K(CI>, ®T) + mass term K : Kahler potential of Q"

- Solutions of the BPS equations were obtained by the moduli matrix approach.
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Purpose of our work

= Domain walls in massive kahler NLSM on the complex quadric surface
Ny SO +2)
Q" =
SO(N) x U(1)

in 3-dimensional space-time.

MA, Lee, Shin, 2009
L= /d49K(CI>, ®7) 4 mass term K : Kahler potential of Q"

- Solutions of the BPS equations were obtained by the moduli matrix approach.

= \We consider domain walls for massive Kahler NLSM on

SO(2N)  Sp(N)
U(N) U(N)

formulated by gauge theory.
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Setup

in 4 dimensions.
Higashijima, Nitta, 1999

= Starting with the massless NLSM on

- 4D N=1 U(N) gauge theory coupled to 2N flavors including Fl term (with g — o)

e = [atniojal @ =+ (oo o006 ver )
(¢=1,---,2N, a=1,---,N)
N 0 1 | +1 SO@2N)/U(N)
J—1®( e 0 ) E—{ —1  Sp(N)/U(N)
- ¢ : vector rep. of SO(2N) or Sp(N)
- gbg = €@g : symmetric (SO(2N))/anti-symmetric (Sp(N)) rep.
- No kinetic term for gauge part and ¢o , whose egs. of motion give constraints
¢ lp;" —6° =0 (D-term) ¢ Jij¢ ) =0 (F-term)

= Page 11



Setup

= Dimensional reduction

- Getting a non-trivial scalar potential

ﬁbos — _D,ugbiD'uggi _ 4|(¢0)ab¢bi|2 + -
Cartan subalgebra of SO(2N), Sp(N)

l 8265 =ig) M, M;* = diag(my,mz,---,my) ® o3

Lbos = _DmﬁbiDméi — |i¢ajﬂ/fji - %-Zabébqg o 4|(¢U)abq:’bi|2 +
- -V (X = v3)

Giving rise to discrete vacua
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Vacua

= \Vacuum condition
0=V = |i€baiji — Z.Eabd)bﬂz + 4|(G50)ab¢bi|2
‘ do =0, ¢ #0 (mp—%a)o. " =0, (my+ .o, " =0
(X, — diag(Xy, T, ---ZN) by gauge trans.)

with constraints ¢,6,° =6, =0, &, JQJ @T’ =0
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Vacua

= Vacuum condition
0=V = |i€baiji — %, ¢ 17 + 4(d0) " |
) =0, ¢L£0 (m—Ta)o 2 =0, (my+ 0o, =0
(X, — diag(Xy, T, ---ZN) by gauge trans.)
with constraints ¢,6,° =6, =0, ¢, J@jgb” = (
- Ex. SO(4)/U(2) & Sp(2)/U(2) case

2<1> = (mq,my) 2(2) = (mq, —ma2)
ow=(00%0) *o=(0001)
Ygy = (—my,m2) Yy = (=ma, —ma)
%0=(0010) %= 001)
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Vacua

= Vacuum condition
0=V = |i€baiji — %, ¢ 17 + 4(d0) " |
B ¢ =0, ¢ £0 (m—)o>" =0, (mi +5a)g,2 =0
(X, — diag(Xy, T, ---ZN) by gauge trans.)
with constraints ¢,6,° =6, =0, ¢, J@jgb” = (
- Ex. SO(4)/U(2) & Sp(2)/U(2) case =) 2V for SO(2N)/U(N) & Sp(N)/U(N)

Y1y = (ma,ms) Y2y = (ma, —ma)
ow=(0010) bw =000 1)
Y3y = (=m1,m2) Yiay = (=ma, —mg)
bw=(0100) aa=(0100)
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BPS equation

= Bogomol'nyi completion

- Supposing a non-trivial configuration along x = 21 direction, v9 = v2 = 0
E= / dz (|D16g F (9. M;" = S 0,0° +41(82)0 ) £ T > £T
T = /d;r:é‘l(gb;Mijgbja)

with constraints ¢,/ ¢, — 6.0 =0, ¢ Ji¢6' ) =0

= BPS equation
(D19)' F (¢S M;* — E,¢") =0

(60)™ 5’ =0 = $0=0, ¢7#0
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Solving the BPS equation — moduli matrix approach

= Rewriting the equations

(D19) = (67 M;' = £)¢,) =0 w011, = f,7 M’

(00 = (S, S-im=5"05)5€eC
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Solving the BPS equation — moduli matrix approach

= Rewriting the equations

(D1),' — (¢ M;* — S p)) =0 oo O f,) = f7 M

(00 = (S, S-im=5"05)5€eC

= Solution
¢ ‘= (S_l)abHobJ (eMw) g

a J
Hy, integration constants called the moduli matrix

= Constraints

Hoe*M*Hl =SSt HyJH{ =0
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Solving the BPS equation — moduli matrix approach

= Moduli matrix Oa"’: — key issue in solving the equation
- It includes information of vacua, boundary conditions and positions of walls.

- The rest of work is to choose them so that they satisfy
HoJH, =0

and appropriate boundary conditions at = 2.
- HOeQMng — ST determines 5. = ¢ = (S‘l)abHObJ (eM®)

J
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Solution - N=2 case

» SO(4)/U(2) case

- 4 discrete vacua

(mk o Za)(;bazk_l — 07 (mk —I_ Z:a-)qﬁazk — O
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Solution - N=2 case

» SO(4)/U(2) case

- 4 discrete vacua

(mk o Za)(;bazk_l — 07 (mk —I_ Z:a-)qﬁazk — O

X
L
©

||
3

|
3

Z3(3) = (_mlam2) ><

(0 0 -1 0
=g 1 0 o
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Solution - N=2 case

» SO(4)/U(2) case 6= (S—l)abHObj(eMw) i

- 4 discrete vacua

22 H0<1>_
1 00 0
><H0<2>:<0001>
>El
0 0 -1 0
H°<3>:<01 0 0)
000 -1
H0<4>:(0 1 0 0)
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Solution - N=2 case

» SO(4)/U(2) case 6= (S—l)abHObj(eMw) i

- Single walls
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Solution - N=2 case

= SO(4)/U(2) case i = (S—l)abHObj(eMw)ji

- Single walls
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Solution - N=2 case

= Expected result
SO4)  SU(2) x SU(2)  SU(2)
U2) — SU(2) xU(1) U(1)
- Massive nonlinear sigma model on C P! m) 2 discrete vacua and 1 domain wall

- Our result : 4 discrete vacua and 2 domain walls, double structure
- HyJHy =0 (O(4) constraint) ® (Hg, HoP) detP =—1
Ho(1ea) = Hpes) ! P = ( 102 0 )

g1

~ C Pl

- Massless limit: Ho(1+4), Ho(2+3) (vacuum moduli)

H
ot (100 )
<2a>j Ho(2¢3) a‘_<3<;o _m U

- Ho(1+4), Ho(2+3) are identified since P is a symmetry of the theory.
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Solution - N=2 case

= Expected result
SO(4) _ SU(2) x SU(2) _ SU(2)
U(2) ~ SU@) < U(L) — U1

- Massive nonlinear sigma model on C P! m) 2 discrete vacua and 1 domain wall
- Our result : 4 discrete vacua and 2 domain walls, double structure
- HyJHy =0 (O(4) constraint) ® (Hg, HoP) detP =—1

H(Zl(1<—4):HD(2<—3)P P = ( 102 o(') )
1

~ C Pl

- Massless limit: Ho(1+4), Ho(2+3) (vacuum moduli)

(1)) gy (1) e

=
(RSN L g g Re T )

- Ho(1+4), Ho(2+3) are identified since P is a symmetry of the theory.

- Massive case: P is not a symmetryﬁ mass term (Cartan subalgebra of SO(2N))
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Solution - N=2 case

= Sp(2)/U(2) case

- 4 discrete vacua

1 0 0
g H‘)(”‘(O 0 1
X Hop
>El
01 0 0
H°<3>:(0 0 1 0)
s (0 1 0 0Y
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Solution - N=2 case

= Sp(2)/U(2) case

- Single wall

oo = O
o O M
h\%
I—‘C)\_/
\\._..//



Solution - N=2 case

= Sp(2)/U(2) case

- Double walls

0 1 0 0>< H (1 e )
0(1+2,3+4) — ry
1{0(3):(0010) 00 1 e

= Page 29

1]

]

=
5
|

AN
o =
o O
= O
o o
N—




Solution - N=2 case

= Sp(2)/U(2) case

- Double walls -
22/ HO(l):(O 0
_ (0 1T 00 H0(1<—2)3<—4):(
Hosy=1 09 0 1 0
X
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Solution - N=2 case

= Sp(2)/U(2) case

- Double walls

"1 0 0 0
X H°<2>:(0001)
>,
>< 1 €2 0 0
_ (0 1.0 0 Ho(re23e0) = | g g 1 o
Homy=1{ ¢ o 1 0 /
s (0 1 0 0Y
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Solution - N=2 case

= Sp(2)/U(2) case

- Double walls

100 0
Y HO(”‘(O 0 1 0)
‘100 0"
7/ X H°<2>:(0001)
>3,
0100>< H (16?20())
0{1+2,3+4) — rq
1{0(3):(0010) 00 1 e
g [0 1.0 0
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Solution - N=2 case

= Sp(2)/U(2) case

- Double walls

T 0>< Iy (1 e 0 0 )
0{1+2,3+4) — ry
H0<3)=(0010) 0O 0 1 e
s (0 1 0 0Y
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Solution - N=2 case

= Sp(2)/U(2) case
- Double walls

1 00 0
Xy H°<1>:(0 0 1 0)

"1 0 0 0

Penetrable w;/ X Hop = ( 0 0 0 1
>3,

0 1 0 0>< H ( et

0(12,3+4) — r1

H0<3)=(0010) A

X

Result is consistent [0 1 0 0)

with Sp(2)/U(2) ~ O Hots) = |
case (our previous work)
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Solution - N=3 case

= SO(6)/U(3) case
- SO(6)/U(3) ~ CP* : Expected 4 discrete vacua mm) 8 discrete vacua

>3 A
(7) (5)
3 [ &
: S 22
---------------------- (6)
(8) /
21 41) (2)
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Solution - N=3 case

= SO(6)/U(3) case

- single walls

o O =
-
o = O
o O D
_ o O
-

o Page 36



©ST——

Solution - N=3 case

= SO(6)/U(3) case

- single walls

(5)

1(6)

Double structure: Hy < HoP,det P = —1
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Solution - N=3 case

= SO(6)/U(3) case

- Double walls
23,
(7) (5)
<3> H0(1<—6<—7)
S 232
H0(1<—4<—7) <6>
544
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Solution - N=3 case

= Sp(3)/U(3) case

- 8 discrete vacua, 12 single walls
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Solution - N=3 case

= Sp(3)/U(3) case

- Double, triple walls

23,
{7) (5)
o) [ [
Ho(1348) | _<26<;4<_§)E2
S
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Solution - N=3 case

= Sp(3)/U(3) case

- Double, triple walls

23
(7) (5)
: Penetrable like
E /
(3) : /[Jrlﬁ// Sp(2)/U(2) case
H i // > Yo
0{1¢3¢4+8) |24+ 8)
(6)
St
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Summary & Discussion

= Investigating domain walls in massive Kahler NLSM on SO(2N)/U(N) and
Sp(N)/U(N) in 3-dimensional space-time.

= Showing 2V discrete vacua in both models.
= BPS wall solutions

- Deriving BPS domain wall solutions up to N=3 case
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