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Plan

e Introduction

e Hyper-Kahler (HK) nonlinear sigma models (NLSMs) on T Gunrm,m
On shell, the models in the A/ = 1 superspace formalism, in the harmonic
superspace formalism and in the projective superspace formalism are the same.

e Models obtained by imposing quadratic constraints on the HK NLSM on
T" Gan,n

The HK NLSMs on T*SO(2N)/U(N) and T*Sp(N)/U(N) as the quotient
with respect to the gauge group are not known yet.

e Three-pronged junctions, which are the simplest observables we have in the
NLSMs with complex mass parameters.



Introduction

e The HK NLSM on the cotangent bundle of the Grassmann manifold

T* Gn+m,m is constructed in the AV = 1 superspace formalism, in the harmonic
superspace formalism and in the projective superspace formalism and they are
equivalent on shell [A.Galperin & E.lvanov & V.Ogievetsky & P.K.Townsend
(86)][A.Galperin & E.lvanov & V.Ogievetsky & E.Sokatchev (86)][S.Ketov &
C.Unkmeir (98)][GIOS(01)][M.Arai & M.Naganuma & M.Nitta & N.Sakai
(03)][M.Arai & M.Nitta & N.Sakai (03)][M.Arai & S.M.Kuzenko &
U.Lindstrom (06)][T.Kim & SS (ongoing)].

e SO(2N)/U(N) and Sp(N)/U(N) are quadrics of Gow,w.

e HK NLSMs on the Hermitian symmetric spaces including SO(2N)/U(N)
and Sp(N)/U(N) are constructed in the projective superspace formalism
[M.Arai & S.M.Kuzenko & U.Lindstrom (06)][M.Arai & S.M.Kuzenko &
U.Lindstrom (07)].



Introduction (cont'd)

e HK NLSM on T*Gpy4m,m in the harmonic superspace formalism:
homogeneous coordinates as the quotient with respect to the gauge group,
Fayet-llopoulos (FI) parameters.

e HK NLSM on T*[Hermitian symmetric spaces] in the projective superspace
formalism: inhomogeneous coordinates, no parameters corresponding to the Fl
parameters.

e Due to the U(N) gauge fixing and the SU(2)r symmetry, the direct
comparison between the HK NLSMs on the quadrics in the harmonic
superspace and the HK NLSMs on the quadrics in the projective superspace
would be a nontrivial task.

e SUSY vacua, 1/2 BPS walls of the mass-deformed NLSMs are on the Kahler
manifold [Y.Isozumi & M.Nitta & K.Ohashi & N.Sakai (04)].

e 1/4 BPS objects require complex masses of hypermultiplets — HK NLSM.



Introduction (cont'd)

e Other 1/4 BPS objects are discussed in the models, which are constructed
by introducing complex mass parameters to the mass-deformed Kahler NLSMs
on SO(2N)/U(N) and Sp(N)/U(N) [Eto & Fujimori & Gudnason & Jiang &
Konishi & Nitta & Ohashi (11)]. The models are justified by the fact that
there is a bundle structure when b = 0 = b*, so that the chiral field of the
hypermultiplet in the cotangent space does not contribute to the SUSY vacua

and BPS equations.
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Introduction (cont'd)

e Three-pronged junctions are the simplest 1/4 BPS objects.

e We use the moduli matrix formalism [Y.lsozumi & M.Nitta & K.Ohashi &
N.Sakai (04)] to study the SUSY vacua and the BPS objects.

e Quadratic constraints are embedded into the moduli matrices for SUSY
vacua and 1/2 BPS walls on the Grassmann manifold [M.Arai & SS
(11)][M.Eto & T.Fujimori & S.B.Gudnason & Y.Jiang & K.Konishi & M.Nitta
& K.Ohashi (11)][B-H.Lee & C.Park & SS (17)][M.Arai & A.Golubtosva &
C.Park & SS (18)].

e Three-pronged junctions of the mass-deformed NLSM on T*CP"~! are
constructed in the moduli matrix formalism [M.Eto & Y.lsozumi & M.Nitta &
K.Ohashi & N.Sakai (05)].
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Introduction (cont'd)

e Three-pronged junctions of the mass-deformed NLSM on T* Gy, n. are
studied by embedding the base manifold Gy, n. into CPNe et by using the
Pliiker embedding [M.Eto & Y.Isozumi & M.Nitta & K.Ohashi & N.Sakai
(05)]. This resolves some complications of the moduli matrix formalism but the
method is not applicable to the quadrics of the Grassmann manifold.

e An alternative method has been proposed and applied to the three-pronged

junctions of the mass-deformed NLSMs on T*Gnim,m [SS (18,19)]. This
method is applicable to the quadrics of the Grassmann manifold.
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Introduction (cont'd)

e We construct models by imposing the F-term constraints, which are
vanishing O(2N) or USp(2N)-invariants on the HK NLSM on T Gy, v
— possible HK NLSMs on T*SO(2N)/U(N) or T*Sp(N)/U(N) ?

e \We construct three-pronged junctions of the models and compute the
positions of the junctions.
— the simplest physical observables that the models have.



Actions of the HK NLSM on T*Gnim m

e Action in the N' = 1 superspace [M.Rocek & P.K.Townsend (80)]
[U.Lindstrom & M.Rocek (83)]

S= /d4x{/d49[Tr(¢<5ev) L Tr(@we™) — cTr v]

+ / d29[Tr (E(CD\U — b/M)) + (conjugate transpose)} },
(c € Rxq, be Q). (1)

<I’AI(}’) = -AAI(Y) + \@HCAI(Y) + GGFAI()’)a (yu =x"+ "GUMéL
VA (y) = B (y) + vV20m,"(v) + 00G, *(y),

Va5 (x) = 200"0A,0(x) + i000X5(x) — i
Z2(y) = =S (y) + 0w (v) + 00K, (y),
(i=1,--- N+ M, A=1,--- ,M). (2)

917 (x) + 66000D,° (x),
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HK NLSM on T*Guymm in the NV =1 superspace formalism

o Constraints
ode” — e VUV — ¢l =0, (3)
OV — bly =0, (ct). (4)

e We can eliminate the vector field V. Then the potential for the HK manifold
[U.Lindstrom & M.Rocek (83)] is

K =Trv/ iy + 400UV — ¢ Trin (c/M VI + 4¢&>\Dw)

+ cTrin(¢®). (5)
e The constraints (4) can be solved by two cases b =0 and b # 0 with proper
gauge fixing.
b=20
—fg
g
b+#0

®=Q(I s), w:( I )Q,
Q=Vb(lu+st) 2. @)
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HK NLSM on T*Gpym.m in the N = 1 superspace formalism (cont'd)

b =0 : with the parametrisation (6), the potential (5) becomes

K=Tr \/c2/M +4(Iu + (v + ff)g

—cTrin <<:/M + \/c2lM +4(I + FFE(In + Ff)g>
+ cTrin(Iu + fF). (8)

For g = 0, the potential (8) becomes the potential of the Grassmann manifold.
Therefore f parametrises the base Grassmann manifold whereas g parametrises
the cotangent space as the fiber [U.Lindstrom & M.Rocek (83)][M.Arai &
M.Nitta & N.Sakai (03)]. The potential (8) with M =1and c =1, is
equivalent to the potential, which is constructed in the projective superspace
formalism [M.Arai & S.M.Kuzenko & U.Lindstrom (06)].
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Kahler NLSMs on SO(2N)/U(N) and Sp(N)/U(N)

e Adding the F-term constraints, which are vanishing O(2N) or USp(2N)
invariants to the Kahler NLSM on Gon,n [Higashijima & Nitta (00)]

S= /d“ / Tr(<l>¢e)—cTrV]

+/d 9 Tr (¢0¢J¢T) + (conjugate transpose)} },

(c € R>o). (9)
(0 (1, for SO(2N)/U(N)
/= < ely 0 ) r T { -1, Ofor Sp(N)/U(N). (10)

e [somorphism

Pt~ S0(4)/U(2) ~ Sp(1)/U(1) ~ @,
CP? ~ S0(6)/U(3). (11)

It is shown that the K3hler potentials are equivalent [Higashijima & Kimura &
Nitta (01)].
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Adding F-term constraints to the HK NLSM on TGy n

Since there is a bundle structure, we guess that we can find a(n)
(anti)holomorphic embedding into T*Gon,n when b =0 = b*. The
hypermultiplet consists of ® and U. The HK NLSMs on the cotangent bundles
of SO(2N)/U(N) and Sp(N)/U(N) should incorporate the F-term constraints
of the Kahler NLSMs, which are discussed in [Higashijima & Nitta (99)] and
have the same number of F-term constraints for ® and W. Therefore there
exists only one possible action for the NLSMs on SO(2N)/U(N) and
Sp(N)/U(N) as a submanifolds of T*Goy,n in the N' =1 superspace
formalism:

S = /d“x{/d“e[Tr(queV) FTr(bWe ) — cTr V]
+ / d2.9[Tr (Ew + &b + \IJO\IITJ\IJ) + (c.t.)] }
(c € Rxo). (12)

® and W are N x 2N chiral matrix fields. ®o and Wy are N x N chiral matrix
fields, which are introduced as Lagrange multipliers.
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Adding F-term constraints to the HK NLSM on T* Gy y (cont'd)

e ® and W are constrained by the invariant tensor J of O(2N) or USp(2N):

dJo" =0, (13)
v v =0, (14)

(0 | [ 1, for SO(2N)/U(N)
/= < ely 0 ) 6_{ -1, Ofor Sp(N)/U(N). (15)

e ®JO and W JV are symmetric (antisymmetric) for SO(2N) (USp(2N))
= &g and Wy are symmetric (antisymmetric) rank-2 tensors
e U(1) gauge: charge of ®q is —2 whereas the U(1) charge of W is +2

e SU(N) gauge: The G -invariants (13) and (14) vanish, so that they are
consistent with the gauge symmetry. — the “consistency condition with a

gauge symmetry” in [Higashijima & Nitta (99)].
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Adding F-term constraints to the HK NLSM on T* Gy y (cont'd)

o= (Iv f), \uz(_fg>. (16)
g

IO =T +f =0, (17)

VU = —g"(fT +ef)g=0. (18)

Constraint (17), for ® guarantees that W obeys the other constraint (18). It
should be noted that field g, which parametrises the cotangent space as the
fiber, is not constrained by the invariant tensor (15). Since g is not constrained
by J, the bosonic component fields of W do not contribute to the continuous
vacuum. Therefore the bosonic component fields of the homogeneous W before
the gauge fixing, also do not contribute to the vacuum.
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Adding F-term constraints to the HK NLSM on T* Gy y (cont'd)

e Mass-deformed action
s :/d“x{/d“e[Tr(queV) FTr(@we™) — cTr v]
+ / d’0 [Tr (E¢w +OMY + dpd ST + \IIO\IJTJ\U) + (c.t.)] } (19)
e Bosonic component fields

o, (v) = AL (y) +00F) (), (v =x"+ 1'90“0_),
WIA(Y) B, (}’)+99G1 ( ):
vAB( )= 200“0AM (x) + 66000D,%(x),
Z5(y) = =S5 (y) + 00K, (y),
q>o(y) Ao(y) + 00Fo(y),
Wo(y) = Bo(y) + 06Go(y),
(A=1,--- N;I=1,--- 2N). (20)
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Adding F-term constraints to the HK NLSM on T* Gy y (cont'd)

e Bosonic part of the action
S= /d4x Tr (DHADHA + D.BD"B

— |AM — SA+ 2887 = [MB — BS +2JATA),  (21)
with constraints
AA—~ BB —cly =0,
AB =0, (c.t)=0,
AJAT =0, (ct)=0,
B"JB=0, (ct)=0. (22)

e We set B=0=B. Then the Lagrangian that describes vacua, walls and
junctions of the mass-deformed NLSMs on SO(2N)/U(N) and Sp(N)/U(N) is

£ =Tr (DuADFA— | AM — SAP — [2JAT Ao, (23)
with constraints
AA — cly =0,
AJAT =0, (ct.)=0. (24)

16
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Adding F-term constraints to the HK NLSM on T* Gy y (cont'd)

The Lagrangian (23) is mass-deformed Kahler NLSMs on SO(2N)/U(N) and
Sp(N)/U(N) with the complex extension of the mass matrix and the scalar
matrix field of the U(N) gauge group. This type of extension has been
considered to construct dyonic configurations with non-parallel charge vectors
[M.Eto & T.Fujimori & S.B.Gudnason & Y.Jiang & K.Konishi & M.Nitta &
K.Ohashi (11)].

By introducing real valued matrices M, and X, (o =1,2)

M= M; + iMQ,
S=3%1+i%, (25)

the Lagrangian (23) can be rewritten as

L=Tr (D#AD#A 3 JAM. — S AP - |2JATA0|2). (26)

a=1,2
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BPS solutions in the moduli matrix formalism
e Cartan generators of SO(2N) and USp(2N)

H’ = €1, — eN+I,N+I, (I = 17 aN)7

e Complex mass matrix
1= (my+in, my +inz,- -, my + iny),
ﬂ (leHQ,' 7HN)7
M=1-H.

e Matrix field S

S = diag(o1 + iT1,02 + iT2,+ -+ ,on + iTn), (0i, 7 € R).

e Vacuum conditions
AM—-SA=0, (ct), A"A=0, (ct.).
e Vacuum solutions

(0‘1 + I'T170'2 —+ iTz, cee,ON Tt iTN)
= (:I:(m1 + in1), :|:(m2 + in2), cee ,:I:(mN =+ inN)) .

(27)

(28)

(29)

(30)

(31)
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BPS solutions in the moduli matrix formalism (cont'd)

We study three-pronged junctions of the mass-deformed NLSMs on
SO(2N)/U(N) and Sp(N)/U(N). We are interested in a static configurations,
which is independent of the x3-coordinate. We also assume that there is the
Poincaré invariance on the worldvolume. Therefore we set 9y = 93 = 0 and

Ao = A3 =0.

e Energy density

2 T 2
e=Tr( ‘DQA:F (AM, — £..A) ] FRIATAP ) £ T > 4T, (32)
a=1,2
e Tension density
T=Tr ( > oa (AMQA)> : (33)
a=1,2

We use the index a = 1,2 for codimensions and adjoint scalars.
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BPS solutions in the moduli matrix formalism (cont'd)
e (Anti)BPS equation

Do AF (AMy — X, A) =0, (a=1,2). (34)
e BPS solution
A= 5—1HOeM1x1+M2x2’
$7'0aS == Yo — iAa, (a=1,2). (35)

The coefficient matrix Hp is the moduli matrix.
e Constraints

AL —cly=0 — S5 = %Hoe2M1X1+2M2X2 Fo, (36)

AJAT =0 — HoJHy = 0. (37)

e The BPS solution (35), X, and A, are invariant under the transformations:
Hy=VH,, S =VS, VcGL(N,C). (38)

This equivalent class of (S, Hp) is the worldvolume symmetry in the moduli
matrix formalism. Eqgs. (38) and (37) show that the moduli matrices Hp's
parametrise SO(2N)/U(N) and Sp(N)/U(N) respectively.
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BPS solutions in the moduli matrix formalism (cont'd)

In the moduli matrix formalism, walls are constructed from elementary walls.
The elementary walls can be identified with the simple roots of the global
symmetry group [N.Sakai & D.Tong (05)].

e SO(2N)

Ei = €iiv1 — €irnt1,i+N, (i =1, ,N— 1)7

En = en—12nv — enon-1,

a; = & — &1,

ay = év_1 -+ én. (39)
o USp(2N)

Ei = €ii+1 — €iyN+1,i+N, (i - 17 e 7N - 1)7

En = enpn,

a; =& — &1,
oy = 2@/\/. (40)
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Junctions of the mass-deformed NLSM on SO(2N)/U(N)

We start from vacua and walls by setting M>» = 0 and ¥, = 0.
e Vacuum labels [B-H.Lee & C.Park & SS (17)]

(0-150-27' o aUN—lvUN) = (m17m27' o amN—17mN)a
(0-150-27' o aUN—lvUN) = (m17m27‘ o ame—lvme)z
(01,02, ,on-1,0n) = (£my, —ma, -+, —my_1, —mn), (41)

where the sign + is + for odd N and — for even N.
e Elementary wall (A < B)

2c[M,E] =2c(m- o;)Ei = TiacmyEi, (i=1,---,N). (42)

E;: positive root generator of the simple root of SO(2N) — elementary wall
operator

c: Fl parameter

T(acB): tension

Hoac gy = Howay €57, Ei(r) = €"E;, (r € C): moduli matrix of the elementary
wall

Eincp = 2ca;, (i=1,---,N): elementary wall
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Junctions of the mass-deformed NLSM on SO(2N)/U(N) (cont'd)

e Compressed wall of level s
g\ = 2ca; +2ca;, + -+ 2ca;, (im=1,---,N; m<s). (43)

e Pair of penetrable walls

5(...> '54.4) =0. (44)

e SO(8)/U(4) [B-H.Lee & C.Park & SS (17)]

Ay 8>

4y
o (a,+a,) #0= (1< 5), (4« 8). (45)
az (@ +a,) #0= (1< 4), (5 8). (46)
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Junctions of the mass-deformed NLSM on SO(8)/U(4)

° M2750, 22750, m1—|—in1;£m2—|—in27é---7$m/v+in,\,
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

The three-pronged junction that divides vacua {(1), (2), (3)}:
e Vacuum labels

(1) : (o1 4+ iT,00 4 iT2,03 + iT3,04 + iT4)
= (my + in1, mo + iny, m3 + in3, mg + ing),
(2) : (614 iT,00 4 iT2,03+ iT3,04 + iT4)
= (my + in1, ma + ina, —m3 — in3, —mgs — ing),
(3) : (014 iT1,02 + iT2,03 + iT3,04 + iT4)
= (m + in1, —mp — inp, m3 + in3, —mas — ing). (47)
e Single walls
Ho(ieoy = Ho<1>eerE47
Ho2e3y = Ho<2)eerE27
Hog13) = Hogye® B2, (48)
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

e Moduli matrices of walls ha = exp(aa + iba), aa, ba € R

1 0
1 0
H0(1<—>2> = h33 0 h38 )
hs3 e Y
1 0
ha  hx 0
Hooes3y = 0 s b ,
0 1
1 0
h 0 —h
H0<3<—>1> = 2 1 0 028 . (49)
h22 hog 0

As the moduli matrices have the worldvolume symmetry (38), only one of hy
parameters or the ratio of the two parameters in each moduli matrix is
independent.

26
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

o Wall (14 2)

NG 0
Je 0

Pag

NG
p33 = e><P(f773X1 + m3x® + az3 + ibss),

¢<1<—>2) =

58
o
o358

=
=

$

p3g = exp(—m4X1 — mgx® + azg + ibsg),

Pas = exp(m4x1 + nax® + ass + ibs3),
im
2)
1
5= [exp(2m3x1 + 2n3x” + 2a33) + exp(—2max’ — 2nmax” + 2338)} ;

pa7r = exp(—msx' — n3x” 4 ass + ibss +

1
Sy = pa [exp(2m4x1 +2mx + 2as33) + exp(—2m3x1 —2mx® + 2a33)} . (50)
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

e Wall (2 ¢ 3)

Ve 0
a2 a3 0
D3y = va \65 a6 g d
Vis VB
0 Ve

= exp(max" + mx’ + an + ibx),
g3 = exp(m3x + n3x® + ans + iba3),
@36 = exp(—max' — mx’ + ax3 + iba + > T,
qsr = exp(—msx* — m3x® + an + ibn),

1
th = P [exp(2m2x1 + 2mx® 4 2ay) + exp(2msx' + 2n3x® + 2323)] ,
1
ts= [exp(—2m2><1 — 2mx” + 2a3) + exp(—2msx' — 2n3x* + 2322)} . (51)
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

o Wall (145 3)
Ve 0
22 0 o
u u

¢(1<—>3) = 2 \/E 0 2 )

rag ra6 0

Vi Vi
roo = exp(max' + mox? + axn + ibx),

i

rog = exp(—max' — nax® + ax + ibxg + — 5 ),

raa = exp(max* + nax’ + an + ibx),

(
(-
(
(-

e — eXp m2X — n2x + axg + Ib23)

1
up = = [exp(2m2x1 +2mx* + 2ax) + exp(—2m4x1 — 2nmax® + 2a23)] ,

1
us = o [exp(2m4x1 4 2mx? + 2ap) + exp(72m2x1 — 2mox? + 2328)] . (52)
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Junctions of the mass-deformed NLSM on SO(8)/U(4) (cont'd)

e Position of wall (1 ++ 2) : Re(pss) = Re(pss) and Re(pss) = Re(par)
— (m3 + ma)x* + (n3 + na)x* + (a3 — azg) = 0.

e Position of wall (2 <+ 3) : Re(g2) = Re(qe23) and Re(gss) = Re(qgs7)
— (mz — rTI3)X1 =+ (nz — n3)X2 + (322 — 323) =0.

e Position of wall (1 <+ 3) : Re(r2) = Re(rs) and Re(ras) = Re(ras)
— (m2 + ma)x" + (n2 + na)x* + (az — as) = 0.

e Consistency condition — a3 — a33 = azs — ass.

Therefore there are two independent a, parameters to describe the junction
position as expected.

e Junction position

(s s
(Xry)_ <S3753>7

S1 = (—ass + asg)m + (ax — ax)n + (ax — ax)na,
S> = (a33 — asg)me + (—ax + axg)mz + (—ax + ax3)ma,
Sz = (m3 + my)(ny — n3) — (m2 — m3)(n3 + na). (53)
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Junctions of the mass-deformed NLSM on Sp(N)/U(N)

We start from vacua and walls by setting M> = 0 and X = 0.
e Vacuum labels [M.Arai & A.Golubtsova & C.Park & SS (18)]

(01,00,
(01,00, -
(01,00, -

(0-1,0-2, o

(01,00, -

(0-170-2, o

(01702, ..

yON—1,0N

yON—1,0N

)=
yON—-1,0 N)
)=
)=

yON—1,0N

LON—1,0N) =

7O'N7170'N) = (_m17m2,"'

70'N7170'N) = (_m17 —mz, -

(ml’ mo, - .-
(mh mo, - -«
(rn17 my,---

(rn17 mo,---

(mh —my, -

, MN—1, mN)7
, MN—1, _mN)7
, —Mn-1, mN)a

, —Mn-1, _mN)7

, —Myn-1, _mN)7

, Mn—1, mN)a

, —My_1, —my). (54)
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Junctions of the mass-deformed NLSM on Sp(N)/U(N) (cont'd)

e Elementary walls
2C[M, Ei] = 2C(m 'Q;)Ei = T(A<—B)Ei7 (’ =1,---,N— 1)7
c[M, En] = c(m- ay)En = TiacsyEn.

iacp) =2cq;, (i=1,---,N-1),

& acpy = v
e Compressed wall of level s

£\~ 2cay +2cqy, + - 2cq (im <N-=1; m<s).

is?
e Compressed wall sector of unequal length simple roots

54.4) = 2CQNfl + Cay-

e Pair of penetrable walls

(55)

(56)

(57)

(58)

(59)
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Junctions of the mass-deformed NLSM on Sp(3)/U(3)

e 5p(3)/U(3) [M.Arai & A.Golubtsova & C.Park & SS (18)]

3 2 2 3
1> 2> <3 B> (7> <&
4>

(2a, + a3) a3 =0= (L« 4), (5 8).
(204 + 20, + @3) a3 =0= (1 < 6), (3 8).

(60)
(61)
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

o M, #0and X #0, and set my + iny # mp + inp # - -+ % mp + iny
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

The three-pronged junction that divides vacua {(1), (2), (3)}:
e Vacuum label

(1) : (614 iT1,02 + iT2,03 + iT3)

= (my + in1, mo + ina, m3 + in3),
(2) : (614 iT1,02+ iT2,03 + iT3)

= (my + in1, my + inp, —m3 — in3),
(3) : (o1 4+ im,00 + iT2,03 + iT3)

= (m + in1, —mp — inp, m3 + in3). (62)

e Single walls

Ho(1 2y = Hoqye® ™,
Hop 3y = Hoye® 2,
Hoe 3y = H0<1>ee'[[E3,E2],E2]_ (63)
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

e Moduli matrices of walls (hay = exp(aa + ibai), aw, bar € R)

1 0
Ho1e2y = 1 0 ;
hs3 hss
1 0
Ho2s3) = haz  hx 0 ,
0 —hx 2
1 0
H0<3<—>1> = h22 h25 . (64)
1 0

As the moduli matrices have the worldvolume symmetry (38), only one of hu
parameters or the ratio of the two parameters in each moduli matrix is
independent.
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

o Wall (14 2)

NG 0
P2y = ( Ve 0 ) , (65)

P33 = exp(m3X1 + I13X2 + as3 + ibs3),

Pp3s = GXP(—m3X1 — mx® + azs + ibss),

1
5= [exp(2m3x1 + 2m3x® + 2a33) + exp(—2m3x' — 2n3x” + 2236)] . (66)
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

o Wall (2 3)
Ve 0

D23y = z n 0 ;

0 q35 936

Vi Ve

qz2 = exp(max’ + mx’ + an + ibx),
Q3 = exp(m3x + f73X + a3 + ibp3),
G35 = exp(— mox" — nox® + ap3 + ibos + 5 )
gs6 = exp(—msx" — n3x’ + an + ibx),

1
= [exp(2m2x1 + 2mx® 4 2ax) + exp(2max' + 2n3x” + 2323)] ,

1
t3 = = [exp(—ngx1 —2mx? & 2ax3) + exp(—2m3><1 — 2nsx? & 2a22)] . (67)

38 /42



Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

o Wall (1 3)

Ve 0
— 22 rs
¢(1<—>3) - NG NG )
Ve 0

r = exp(maox* 4 nax® + az + ibx),

1 2 .
rs = exp(—max" — mx” + axs + ibos),

= % [exp(2m2x1 + 2mx® + 2ax) + exp(—2max" — 2mx” + 2325)} . (68)
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Junctions of the mass-deformed NLSM on Sp(3)/U(3) (cont'd)

e Position of wall (1 <> 2) : Re(pss) = Re(pss)
— 2m3x1 + 2I‘I3X2 + (a33 — 336) =0.

e Position of wall (2 <+ 3) : Re(g22) = Re(qz3) and Re(gss) = Re(qgss)
— (m2 — m3)x1 + (n2 — f73)X2 + (a2 — ax) =0.

e Position of wall (1 <+ 3) : Re(r2) = Re(rzs)
— 2moxt + 2mox? + (a2 — axs) = 0.

e Consistency condition — (a2 — a25) — (a33 — aze) — 2(az22 — ax3) = 0.

Therefore there are two independent a, parameters to describe the junction
position as expected.

e Junction position

o) = (352
yY) = T37T3 )

Ty = 2(—ass + ase)m + 2(ax — axs)ns,
T, = 2(as3 — aze)m2 + 2(—ax + axs)ms,
T3 = —4mons + 4mzn,. (69)
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Summary/Outlook

e We have proposed NLSMs on SO(2N)/U(N) and Sp(N)/U(N), which
might be the HK NLSMs on T*SO(2N)/U(N) and T*Sp(N)/U(N).

e We have constructed three-pronged junctions of the mass-deformed NLSMs
on SO(2N)/U(N) and Sp(N)/U(N). The method is generically applicable.

e We need to check the supersymmetry of the NLSMs on SO(2N)/U(N) and
Sp(N)/U(N).

e We hope to get a better understanding of the N = 2 supersymmetric
models that are realised as the quotient with respect to the gauge group.
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Thank you!



