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Superpartner solutions of a BPS monopole in noncommutative space
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We constructU(2) BPS monopole superpartner solutions Nii=2 noncommutative super-Yang-Mills
theory. The calculation to second order in the noncommutative parametieows that there is no electric
guadrupole moment that is expected from the magnetic dipole structure of noncommutgivenonopole.

This might give an example of the nature of how supersymmetry works without changing between the com-
mutative and noncommutative theories.
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The decoupling limit of the world volume theory on D3-  This vanishing quadrupole moment tesor is in contrast
branes in the Neveu-Schwarz—Neveu-SchwdNS-NS  with the result off 11] on N=2 black hole superpartners for
2-form background is described by the noncommutativewhich these variations are nonzero, which is one of the mo-
super-Yang-Mills (SYM) theory, in which Bogomolnyi- tivation of this paper together with the fact that ti¢l) part
Prasad-Sommerfiel(BPS monopoles exist as a stable state of the magnetic field of the noncommutatié§2) monopole
because it can be broken by the Higgs mechanism just likexhibits a dipole structure. If noncommutativity produces a
the ordinary SYM theory. The solution to the BPS equationmagnetic dipole structure to thHg(2) monopole, then one
of theU(2) noncommutative monopole to first orderdmas ~ can expect the electric quadrupole momier#l] and it would
been studied if1,2], and the second-order solution is[B]. ~ Pe interesting to see if there exists an electric quadrupole
The solution has the generalized rotational invariance anfloment that is not found in an ordina&U(2) monopole
exhibits a dipole structurgt—6] in the magnetic field of the [10]. However, our calculation gives a negative answer. Up
monopolet to O(6?) in tree level, we show that there is no quadrupole

On the other hand, it is well known that ordinary BPS moment. This result might be an example of the nature of
monopoles ofN=2 Yang-Mills theory are invariant under how supersymmetry works not changing between the com-
half the supersymmetry generators and hence form a foufmutative and noncommutative theories.
dimensional, short representation of the supersymmetry alge- In the following we will construct the BPS monopole su-
bra[7].? From the work of Jackiw and Rebf®], we know  Perpartner solutions of thé&l=2 noncommutative super-
that the angular momentum of spinning monopoles is carriedang-Mils theory, by applying the Seiberg-Witten map to all
by the quantized states of fermionic zero modes. For a singléuperpartner fields to the second orde#.iis a check, up to
BPS monopole, the fermionic zero modes are generated H9(6%) we showed explicitly that the angular momentum op-
infinitesimal broken supersymmetry transformations. Whaterator and the electric dipole moment are independent of
we get by acting with dinite transformation is then the back- noncommutativity.
reaction of the fermionic zero modes on the other fields. \We restrict ourselves to the case where the nonvanishing
Because of the quantized nature of the fermionic zero-modgomponent of the noncommutative parametepigs= — 6,;
states[9], the fields of the monopole superpartner solution= ¢, excluding the effect of time noncommutativity. We shall
are necessarily operator valued. take U(2) as the gauge group becaus¥(2) is not closed

In [10] we have studied the long-range fields of the dif- under thex product that is defined by
ferent states in the ordinafy=2 BPS monopole supermul-
tiplet. Following the work of Aichelburg and Embacher on i
N=2 BPS black holeg11], we generate the fields of a (F*g)()=T(x)g(x) + 5 6°79,1(x)9,9(X)
monopole “superpartner” solution by acting on the bosonic
monopole with an arbitrary, finite, broken supersymmetry
transformation, in which we have found that the operator-
valued electric dipole moment is proportional to the angular

momentum operator with a gyroelectric rage=2 and the s equation replaces ordinary multiplication in describing
quadrupole moment tensor is found to vanish identically for,qncommutative theory. Smaflexpansion is adopted in all

all spin states. fields. For example, the scalar Higgs field

1
~3 0°70°P3,0,%(X)d,0,59(x)+0O(6°). (1)

S_OATA_ /da & e ay (&0, &0 | &0 0
*Email address: esna@theory.khu.ac.kr S=S"T _(Sa+S?l)+S?2))T +(S +S(1)+S(2))T ’

This dipole structure can be visualized from the brane picture as @)

D-string stretched between parallel D3-branes. When a background - ) .
B field is turned on along the branes, the susperstting is tiited ~ Where the quantities with a hat denote those in the noncom-

because the two endpoints carry opposite charges. mutative description, the subscripts) denote the quantiti-
2See, e.9.[8] for a good review of this subject. ties atO(6"), anda=1,2,3, andT” are the anti-Hermitian
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generators ofJ(2) Lie algebra. Throughout this paper, this At second-order variationg$’S and §°A, vanish and we
notation will be understood and other settings are the samind only nonzero variations fa? and A, given by
as in[10].

We now turn to the construction of the noncommutative 82A%=— 5°P3= —4i(a'y*a)D, S,
BPS monopole superpartner solutidng/e work in N=2
_Yan_g-MiILs theory with gauge groupl(2). TheLagrangian (52A)?1)= —(52p)?1): —4i(aTyka)(DkS)?l), (7)
is given by

(8°A0)ly =~ (8°P)% = —4i(a’y*a) (D9, .

1 N O
Ln=p=Tr| = 7 F, F*'= 2(D,P)?~ 5(D,9)

4 These reduce to dipole fields in the long-range limit. Inter-
2 i X estingly, the third- and fourth-order variations of all the fields

—E[S,P]§+i,7/,yﬂ* D, ¢—ey*[S ¢, turn out to vanish even in the noncommutative sector. In

particular, the third-order variation af is found to be

_e{z%*[ﬁ,;m*), @) yP=8i(a'y*a){y°y'D\DS*+ey°e?(D\S")S}P, a,

: : . Y =8i(aTY* ) [y {9D Sy~ 36°7,(DyS?) AP
where all fields areU(2) Lie algebra valued, e.g.S Vi) =8Iy @)Yy {ADiSy) = 2070, (DiS) AT}
=$MTA, S, and P are two scalar Higgs fields andl is a +ey°36°?9,(DySY3,S:]P+ a, (8
Dirac fermion. The non-Abelian electric and magnetic field
strengths are defined ty*'= — FA% andBA'= — 3 €*F, . 8%y =8i(a" @) (°y{9D\ S} —ee** T (DS AT,

Corresponding global supersymmetry transformations
. . A o —50°70°F9,0,(DSP) 0,9 5A7]

SA =iay,y—igy,a, SP=aysy— ysa,
S S = 56719,(DiS") 3,Afi1)+ 3,(DiS) (1) AT}
sS=iay—iya,
ap=lijpa + 90 (D} S) S, + (D4 S)% IS¢

~ 1 ~ - ~ ~A A _ 1 ppopap b
oY= EVMVF/_LV—i'y'U‘D#S—I— YMDMPYS_i[PaS]* V5| @, 50770 ap&“(DkS )&”&BSC
4) = 360°°19,(DiS)(1) 3, S THP -+ v,

where the parameter is a Grassmann-valued Dirac spiffor. which vanish because, =0 for the broken supersymme-
For a static, BPS monopole field configuration Wﬁh:AO tries. The fourth-order variations of the bosonic fields then
= =0 and vanish because they are each proportionafg. Note, the
vanishing of the third- and fourth-order variations of the
aa b oa fields implies a vanishing quadrupole moment tensor for all
D;S :§Eijk':jk’ (5 states in the monopole BPS multiplet and is different from
the variation of theN=2 black hole supermultiplet, for
only the fermiong has a nontrivial supersymmetry variation Which these variations are nonzet]. It turns out that the
given by BPS mon_opole exhibits no elgctromagnetlc quadrupple
structure in both the commutative and noncommutative
5@az_zyk(Dk§a)pfa, spaces, and that the dipole structure of noncommutative
monopole does not give rise to the electric quadrupole mo-
5&?1): _27k(Dk§)?1)p_a, (6)  ment up toO(6?), the same of which holds apparently for
any arbitrary higher order if. This result is disappointing. It
5{/,?2): —Zyk(Dké)(az)P,a, is mainly from the fact that noncommutativity influences
only the spacial part of field variations, not the spin structure
where P, =1(1+T5) are projection operators witls= when supersymmetry transformation is done. In order to
—iyoys. If we define projected spinorsv. satisfying check this, let us see the invariance of the angular momen-
P.a.=a., then a, generates unbroken supersymmetrytum operator. A
transformations, whilex_ generates broken supersymmetry  The fermionic fieldsy”* may be expanded in the mono-
transformations. The variatiofiy under a broken supersym- pole background as
metry transformation gives a zero mode of the fermion field
equation in the monopole background. 2P =—2(*"  &"D,S?+nonzero modes,

$° = —2(+¥%° _&7(D, S, +nonzero modes, (9)
3See[lO] for ordinary superpartner solutions in detail. ‘/’(1) (¥)" «&"(D W

“Our conventions for the Minkowski metric are “mostly minus” ~ap Kip ~oim &8
nu=diagtt1,—1,—1,—1) andys= +ivy1727s- 3= —2(y)" ;a’(DyS)(3)) + nonzero modes,
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where p,o- are spinor indices and we have explicitly dis-
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As another check, we now turn to the long-range limit of

played only the zero-mode part of the expansion. Using thé¢he electric field for the monopole superpartner solution up to
orthogonality of zero modes and nonzero modes, we cam®(#?). The results for the long-range electric fiel@s

then express the spinorial parametéfsand &I as

N

ja3)

+ifd3x( H DS
2M Y pl/l 19
(10
;
A

oni | x4 \DiS

[=3

where M=4m7v/e is the mass of the monop8land this

form is that of the commutative case because the mass term

arising from noncommutativity

f d®x7{(Dy8)%,D 5+ (D 5D, 8, + (D), 1}

=—M) (13)

vanished. It is because the contributions from noncommuta-

tive fields fall off faster than t# compared to the commu-
tative one$, which makes the second-order mass vanis
Consequently, the angular momentum vector has no corre
tion from the noncommutativity as expected,

J*=2iM (a'y ). (12

5See[10] for angular momentum operator in detail.

®Here we have made use of the resiyild®x»*'(D,S?)D,S?
—M.

=Fo=(1)S+F{ obtained are

2i [ 3xkx
)

E'=——(a"Ya)| =5
i 20 : ' :
Eg=— 5 (av'@) {no dipole-field-like termgs
(13

which shows that a dipole field with dipole moment vector
p=—(2i/e)(a"ya) can be seen only in the commutative
sector and that the electric dipole moment proportional to
angular momentum operator, thus also the gyroelectric ratio
g=2[13-19, obtain no corrections from noncommutativity.
In conclusion, we considered th&2) monopole in non-

commutative space by constructing superpartner solutions up
to O(#?). We found no electric quadrupole moment that is

6ki
2

r

i
E1)=0,

hexpected[lZ] by the dipole structure of noncommutative
8(2) monopole, which is because spin is independent of

honcommutativity. As a check, up ©(#%) we showed ex-
plicitly that the angular momentum operator and the electric
dipole moment obtain no correction from noncommutativity.
In a more broad perspective, this result might give an ex-
ample of the nature of how supersymmetry works without
changing between the commutative and noncommutative
theories.
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This work is supported by BK21 Program of Korea Research
Fund.

[1] K. Hashimoto, H. Hata, and S. Moriyama, J. High Energy
Phys.12, 021(1999.

[2] D. Bak, Phys. Lett. BA71, 149 (1999.

[3] S. Goto and H. Hata, Phys. Rev.&2, 085022(2000.

[4] M. R. Douglas and M. Li, hep-th/9604041.

[5] D. E. Diaconescu, Nucl. Phy&503 220 (1997.

[6] A. Hashimoto and K. Hashimoto, J. High Energy Phyk.005
(1999.

[7] E. Witten and D. Olive, Phys. LetZ8B, 97 (1978.

[8] J. Harvey, “Magnetic Monopoles, Duality and Supersymme-

try,” in Trieste HEP Cosmology 1995, hep-th/9603086.

[9] R. Jackiw and C. Rebbi, Phys. Rev.13, 3398(1976.

[10] D. Kastor and E. S. Na, Phys. Rev.fD, 025002(1999.

[11] P. C. Aichelburg and F. Embacher, Phys. Rev.3® 3006
(1986.

[12] I. Giannakis, J. T. Liu, and M. Porrati, Phys. Rev. 33,
045016(1998.

[13] I. Giannakis and J. T. Liu, Phys. Rev. &8, 025009(1998.

[14] H. Osborn, Phys. Lettl15B 226 (1982.

[15] S. Ferrara and M. Porrati, Phys. Lett.2B8 85 (1992.

087702-3



