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1. Introduction
effective theory on solitons
Log = gi5(¢, $)0,0'0"¢ - - - 2-derivative terms

higher derivative terms

position moduli

effective action =—=> [ s = —T\/ — det (0,X%0,X,)

- « - Nambu-Goto action
phase domain wall
internal moduli
cpN1 vortex

==> higher derivative terms



2. Method
Simplest model V(9)
L= 0o — V(o)

equation of motion
oV

—E)M@M(b -+ 8_¢ =( ¢(—00) gf)(OO) ¢

wall configuration {

depends only U (coordinate of co-dim)

interpolates ¢(—o0) and ¢(c0)

gbsol(y) QSSOl(y o Y)
Wall position Wall position  Y: moduli parameter




Effective theory

Promote the moduli parameters to fields
which depend on the worldvolume coordinates

Y = Y(x) moduli parameter — » moduli field

Dependence on worldvolume coordinates
Is assumed to be small

d, ~ A ) : small parameter

— \-expansion

6= dsally = Y(2)) + 3, oV

o) SE) L O\
S=2u S®




Séi?f) and Sé? can be obtained by substituting
the solution ¢,,(y — Y (x)) into the original action

Seff + Seff = S|psot(y — Y (x))]
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O(\Y) O(A?)
= / dd%[ ~T - Zauyaﬂy]
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O(\") O(\?)

—= 0,0"Y =0 upto O(})



O(A\*) equation of motion

(2) 7 A = —H? O’V
A¢ —8M8Q3301:0 ——y-l-W
Oy dso1 : zero mode of operator A\

inner product

(f1, f2) = / dy f1 f2 f1, f2 : function of Y

orthogonal decomposition

P AP — 0, Y 0"Y 02 pgo1 = 0
e 0,0 Oy =0 - (%)

(%) is equivalent2l50 the equation of motion
obtained from S'7

Aqb(Z) - aua“qf’sol =0



solution of the O()\?) equation of motion

1
¢(2) — 5(9“}/6”1/(?; — Y)ay(ﬁsol

O(\*) effective action

1 .
SO = [dtta 3 (6%, ag®) = [ a2 T 0,y 00r)

Soit = —T / 41y [1 + %aﬂyaﬂy _ % (0,Y0"Y)? + O(\9)

This effective action coincide
with the expansion of Nambu-Goto action

SNGg = —T/dd_lsc \/— det (0,XM0,X )

1 1
_ 7 f A (14 0,00 — (@, 4]




3. BPS domain wall in CP”*1 sigma model

action

d M7 T _ ¢ .
S = /d x [—gqbgg@Mqﬁ@ O — gqbqgkk‘], 9op = 1+ [9]2)2, k =1mao
vacua

¢®=0, oo —» domain wall

BPS equation solution (BPS domain wall)
06 —mp=0 b Bro = €V HD

moduli parameters Y : position, ¢ : phase

SO 4+ 52 = §[p - (2+1)-d worldvolume
N : | xdf = F
— —T/d T (1 =+ 5(9“}/8“}/ -+ §8u98u9) U(1) gauge fleld




O()?) equation of motion V = g,okk
AP = Dy G =0, A= Dy~ R5,0,00,0 + VsV
D,, D, : pullback of covariant derivative on target space

The operator A can be written as

A=D'D, D=D,+iVsk, D'=—-D,+iV,k,

— D' is adjointof D B
<Df19 f2> <f17 DTf2> <f1’ f2>:/dyg¢'€5f1f2

Séﬁ —/dd Ly = <¢(2 Agb(2> /dd Ly = <ng(2 ng(2>



equation of motion for D¢ . . . first order differential eq.

D' (D¢$?) — D,0"¢s = 0 ==> solution D¢

-

Sl — / Az (D¢®, D)

2 2
— % f i1z [(aﬂyaﬂy — 0,00"0)" +4(9,Y0"0) ]
The effective action coincide with expansion of

the following action:

S = T/~ det (1, + 0,Y 8, + 0,00,0)

In the case of (2+1)-dimensional worldvolume
this action can be dualized into the DBI action



4. BPS vortex in U(N) gauge theory

action U(N) gauge field + NV fundamental scalars

1 r 2
S — /ddj{jTI‘ [_EFM'NFMIN +DMFH (’DMH)T — gz (HHT — CINC)2

H : N fundamental scalars, V x /N matrix

Fyn - field strength, W : gauge field
g :gauge coupling, C :Fl parameter
vacuum NG
H =



BPS equations =z = z! + iz* : complex coordinate
2

Foo+i%(cly, — HH') =0, D,H=0

4 )
one vortex solution U(2) gauge theory
H 0 Fyay 0
ot U(1) N gt (1)
-0 (0 2 )o o=t ()0
¢1 P )
U = c SU(2
( —95 9 2)

Hy (1), Fy1): one vortex solution in (1) gauge theory
U(2)/U(1) = CP*
95

b= b : inhomogeneous coordinate of CP"
1



gauge field (worldvolume direction)
2
—DF,, + z’% (H(D,H)' — (D,H)H") =0
—» solution (W,),,

substituting /g, (Wz)sol,(Wu)sol,we obtain

g T pP)?
— worldvolume --- (2+1)-d w = 2° + iz
2 BPS lump — s BPS composite state
on "2 BPS vortex of vortex and instanton
b =0b(w) --- holomorphic map
872
topological charge --- —3 = instanton charge

g




O()\?) equation of motion

A®P) —DHE =

Wi DHF,,
(2) ( Wi@ \ 1 ( D“FZZ \
= ome | e
\ (H®)" J \ D.D“H'

The operator A is complicated

( —2D.D. + G*HH' 2D,D, —iZ (HN)" D,
A 2D, D; ~2D.D: +g* (HH')" i% ((D:H')" - (H')" D)
T _2iHED, —9i (2 (D, H)" + HRDZ) —4D.D. + £ (H'H)"

\ 2i (2D:H' + H'D;) 2iH'D, CHt (H)"

i% (HD, — D, H)
iL HD;
%'EHHR

—4D.D, + CH'H



As in the previous case, the operator A can be written as

A=D'D
D, D, —i% (HT)R i H D, -D, 0 %%}H
.g?‘i t R .q24 fﬁ 1 R
D— D; -D, i (H ) v H Df — -D: D: —if (H ) 0
0 2iHR 2D, 0 ? HRE —iH®  —2D, 0
—2iHt 0 0 2D, iHY  —iH! 0 —2D;

D' (D®®) —D"¥, =0 --- first order differential eq.
~ = solution D®?

R
1 1
S — / A2 (Tr [MFWF““} +5 (D®?, DcI>(2}>)
A iz |0,b0*b]> BPS configuration
~ gt "z (1+ [p]2)¢ and topological charge

are not affected



5. Conclusion

Higer derivative terms in the effective actions
on solitons are calculated.

domain wall - - - position and phase
In the case of (2+1)-d worldvolume, higher
derivative terms coincide with that appearing
in the expansion of DBI action.

vortex -+ - internal moduli (CP*1)
2 BPS soliton on vortex (instanton inside
vortex) is not affected by 4-drivative term.



