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We construct a solution of the Banks-Fischler-Shenker-Susskind matrix theory, which is a counterpart of the
Blon solution representing a fundamental string ending on a bound state of a D2-brane and DO-branes. We call
this solution the “fuzzy Blon” and show that this configuration preserves 1/4 supersymmetry of type IIA
superstring theory. We also construct an effective action for the fuzzy Blon by analyzing the non-Abelian
Born-Infeld action for DO-branes. When we take the continuous limit, with some conditions, this action
coincides with the effective action for the Blon configuration.
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I. INTRODUCTION firmed that this solution satisfies the discrete version of the

differential equation for the Blon solution and preserves 1/4

It is well recognized that a bound state of the supersymmetry of type IIA superstring theory. In Sec. IV the
D(p+2)-brane and P-branes has dual descriptions. From €ffective action for the fuzzy Blon is constructed by analyz-
the D(p+2)-brane picture, the Pbrane charge is repre- iNg the non-Abelian Born-Infeld action for DO-branes. When

sented by the magnetic flux on it, and from the-branes We take the continuous limit, with some condition, this ac-
viewpoint, the Dp+2)-brane is realized by some fuzzy tion coincides with the effective action for the Blon configu-

configuration of p-branes. The latter description has the fation. Conclusions are given in Sec. V.

advantage of dealing with multibody systems. For example,
it is easy to realize the situation where the-bDranes move
around the Dp+2)-branes. In this section we briefly review the Blon solution which

In type IIA superstring theory there exists the Blon con-represents a fundamental string ending on a bound state of a
figuration which represents a fundamental string ending on @2-brane and DO-brang4,2]. This brane configuration pre-
bound state of a D2-brane and DO-braf&s?]. From the  serves 1/4 supersymmetry of type IIA superstring theory.
viewpoint of the world-volume theory on the D2-brane, Let us choose the line element of the flat space-time as

Il. REVIEW OF THE BION SOLUTION

which is labeled by the radial directiom and the angular 9
direction ¢, the fundamental string is expressed as a source 2 2. 24,2 in2
of a Coulomb-like electric field and DO-branes are realized ds’=—dt*+dp*+p*d¢ +dzz+i24 (dx)%, @

as a uniform magnetic flux on the (¢) plane. One of the
transverse scalars, sayon the D2-brane is also excited to and identify the world-volume coordinates on the D2-brane
be the classical solution of field equations. This configuratiowith (t,p,¢). The D2-brane is embedded into the target
preserves 1/4 supersymmetry of type IIA superstring theoryspace likex'=0 andz=z(p). In order to obtain the Blon

In this paper we give a dual description of the Blon solu-configuration, we also assume that gauge field strerfgths
tion, which is obtained as a classical solution of the BanksandF,, are nontrivial. Then the Born-Infeld action for the
Fischler-Shenker-SusskifBFSS matrix theory. In order to  D2-brane is given by3]
execute this, we employ the matrix representations for the
general fuzzy surface with axial symmetry, and explicitly SD2:_T2J dtdpd¢>\/p2(1+2’2)+)\2F2¢—p2>\2Ft2.
write down the equations of motion of the BFSS matrix g g
theory in terms of their componenis, 1., z, and a,. @)
]:[Eezsesi?g Egn?nntfsa((::tontaln 'QL%rrznag?;]:S?O:;rtrgz Sohr? dp?oof Bere we used the definitions=27¢ 2andz'=dzdp. T, is

y ' Pm+ 172 m P the tension of the D2-brane.

the radial .di_rectiorp and the_transverse scalarespectively, First we consider the world-volume supersymmetry on
anq nontnwalam_gwe electric flux on the fuzzy s_urface._We the D2-brane. In this case the killing spinor equation (1
uniquely determine values of,. 1>, Z,, anda,, which equip “T)e=0 is transformed into the forrf4,5]

the properties of the Blon solution. We will call this solution
the “fuzzy Blon.”

The organization of this paper is as follows. In Sec. Il we
briefly review the Blon configuration. In Sec. Il we solve
the equations of motion of BFSS matrix theory and obtain

)\Ftpprllrjj,

Z’
1+ Ftpl_‘{%r]_l)

i i i _ Iya+NF 4T
the solution which represents the fuzzy Blon. It will be con + X[ 1- Plipg &p(» tl 11 =0, (3
*Electronic address: hyaku@het.phys.sci.osaka-u.ac.jp and we defineX as
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X=p?(1+2'%)+\?F],— p?\?F(, . 4

The caret notation for the subscripts of the gamma matrices %

is used to declare the Lorentz indices. When we choose thi

gauge field strength as

Z/
F=+"dtAdp=LdpAde, (5)
N b (a) (b)
the above Killing spinor equation is solved like FIG. 1. (a) The fuzzy plane(b) The fuzzy Blon. This configu-
ration can be obtained by pulling the fuzzy plane into trdirec-
1 1 [} ESPEDN I O tion.
€= —(1IF{§F11)—(1+’3— €0, (6)
2 2 Vb?+\? wherei,j run 1, ...,9. Theovariant derivative is defined as

DX'=aX +i[A;,X'], and T, is the mass of a DO-brane.
whereeq is an arbitrary constant Majorana spinor. ThereforeThe equations of motion foX' and the Gauss law constraint
the configuration(5) preserves 1/4 supersymmetry. The firston A, are written as
term of Eq.(5) represents the existence of the constant elec-
tric flux along thez direction, and plus or minus sign corre- R T . .
sponds to the orientation of the fundamental string. The sec-  — Di(DeX) + F[Xja[xl,xj]]zov [X',DX']=0.
ond term of Eq.(5) insists that the magnetic flux projected (10
on the (p,¢) plane is uniform, and plus or minus sign cor-
responds to the sign of the DO-brane charge. By using th&low we solve these equations to obtain the fuzzy Blon so-
flux quantization condition of the magnetic flux, we see thafjytion. In order to execute this, we s6f=...=X°=0 and

the area per a unit of magnetic flux projected on theg choose the matricex?, X2, X andA, like
plane is 2rb.

Second, the Gauss law constraint which is obtained by 1
varying the action with the gauge fies is written as mn= 5 Pm+120m+1n+ 5 Pm-120mn+1,
d [ ToN2F,p? i i
@(Z—Jitpp =0. (7) Xﬁm: Epm+1/26m+1,n_Epm—llzém,n-#l:
3 _ —
The conditions(5) simplify the above constraint into the Xmn=ZmOmn,  Atmn=amomn, 11

form wherem,ne N. These matrices represent the fuzzy surface

with axial symmetry around thec(=z) direction [7,8].
_ Ldp? Since what we want is a static configuration, each compo-
dz= 2_p2’ (8) nent does not depend on the timé\fter some calculations,
the equationg10) are transformed into the forms

and the solution is written ag=zy+L Inp. L and z, are

2N (8ms1— 8m)?— 2(Zms 1~ Zm) 2+ (P24 50— 2p2
integral constants. From this we see that the first term of Eq. (@m+1=8m)" = 2(Zme 1= Zn) "+ (P 2™ 2Pz

(5) represents the Coulomb-like electric field on the ¢) +p2_1)=0,
plane. The Blon configuration is characterized by E&s.
and (8). Pﬁq+1/z(zm+1_Zm)_an—l/z(Zm_Zm—l)ZO,
lll. THE FUZZY BION Pt 128mi 1~ 8m) ~ Prm-1@n—8m-1)=0.  (12)

In the previous section we reviewed the Blon configura-Here we should se#;,,=0. Note that where,, anda,, are
tion by analyzing the world-volume theory on the D2-brane.all equal to zero, we obtain nontrivial solutions by choosing
Here we construct a counterpart of the Blon from the view-p, . ;/, as
point of DO-branes, that is, in the framework of the BFSS

matrix theory. We call this solution the “fuzzy Blon.” Pras 1=\ 2bm. (13
Let us begin with the action of the BFSS matrix theory o . o
[6], The superscript is denoted to emphasize that this is a clas-

sical solution. These matrices are known to represent the
1 1 fuzzy plane[6,8] [see Fig. 1a)]. The commutation relation
S(DXY+-—[X XI12|, (9 for X! andX? becomeg X*,X*]=—ib, and 27b represents
2 4\ the fuzziness of a DO-brane.

SBFSS: Tof dt Tr
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The explicit values op+ 12, Zm anda,, which represent 1
the fuzzy Blon can be obtained by referring to E§) ob- [X3 X mn=— Eprgw_+11/25m+l,n
tained in the previous section. The latter term of E5).
insists that the magnetic flux of the Blon configuration is 1 1
uniform on the projectedd, ¢) plane and the area occupied + Ebl-pm—llzam,n-ﬂ- 17
per a unit of magnetic flux is2b. If we neglect the electric
flux, this means that the Blon configuration can be obtained\nd the figure of the fuzzy Blon is drawn in Fig(d.
by pulling the planar D2-brane with uniform magnetic flux  Our final confirmation is to check the preservation of 1/4
on it to thez direction. Of course, the equations of motion supersymmetry. In this case the Killing spinor equatith
determined the form of the functiar(p) and the preserva- =0 becomes
tion of 1/4 supersymmetry required the existence of the elec-
tric flux.

Now we trace the same procedure as the above. First we
identify p,, 1> for the fuzzy Blon configuration with that of
the fuzzy plane. Then by substituting,, ;,=v2bm into
Eq. (12), the equations for,, anda,, are obtained like

0= DtX'F°'+ﬁ[X',X']F” P.etP_ e

= (DX XEC)P (1

Zm+1—Zm= =N(@pe1—am), i
mrLoom mrLoom FIO et TDXAXEP T 24P e/, (19

M(Zm+ 1~ Zm) = (M= 1)(Zn=Zp-1) =0, (14
wheree and €’ are constant Majorana spinors aRd = (1

andz, anday, are easily solved as +T';,)/2. Thus we see that 1/4 supersymmetry is preserved

L 14 when
C— +)\ _ —
fm= = "2 2 i 13 Vb2 +\?
6,: TFO-FFH €,
Herem=2 andL andz{=*=\af are some constant param-
eters. This solution insists the existence of fundamental 1 bL ot NI T
string charge along the direction because of the relation e= (17Tl 1) —oz O M, (19
2 JbZ+\? ’

1
A= +XX3 [9-11]. The sign corresponds to the orientation

of the fundamental string. We can confirm that this solution

really represents the fuzzy Blon configuration, by noting the
relation IV. THE EFFECTIVE ACTION FOR THE FUZZY BION

wheree is an arbitrary constant Majorana spinor.

© In the previous section we obtained the fuzzy Blon con-
£ L L(ppri 1= P (16) figuration as the classical solution of the BFSS matrix theory.
m+l o om 2p%2, 11 ' We also checked that the fuzzy Blon preserves 1/4 super-
symmetry of type llA superstring theory. Now it is natural to
wherep®?, 1= (p, 3+ pS2,. 1,)/2. This is the matrix version ask whether the effective action for DO-branes which is de-

of Eq. (8). scribed by the non-Abelian Born-Infeld action contains the
The commutation relations which represents the fuzzysame solution. In this section we do not prove it directly, but
Blon are written as we construct the effective action for the fuzzy Blon by ana-
lyzing the non-Abelian Born-Infeld action for DO-branes. We

[Xlrxz]mn:_ib5m,nv show that, with some conditions, the effective action ob-

tained in this way correctly reproduces that for the Blon
configuration in the continuous limit.

The non-Abelian Born-Infeld action is given by Refs.
[12-14. In the background of the flat space-time, when we

[X21X3]mn bLPm+l/25m+1n

+i—bL c-1 o setX*=...=X%=0, this action is transformed into the form
2 Pm—1/2 m,n+1: [8]
. 1 o 1 S
Spo=—T JdtTr \/1— DX)2— —[X, X112+ — (€; {DX',[ X, XK]})2, (20)
o 0 (DeX) 2)\2[ ] 4)\2( ijk{ DXL [ 1}
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where i,j,k=1,2,3 and {A,B}=(AB+BA)/2. Now we ., 1 |
choose representations of three adjoint scakrs X?, X Xmn= 5 (p*+1a,) e Om+1n
and a gauge field as m-+1/2
1 .
1 1 + _(pc+|azf>)eillap 5m,n+lv
X#m: Epele Om+1nTt Epe v Smn+1 2 m—1/2
m+1/2 m—1/2
. . i .
L [ X2 ==(p°+la,)e'? )
Xﬁqnz Epela 6m+1,n_§Pe v Omn+1 mn 2(P d)) me1/2 meLn
m+1/2 m—1/2
i )
— —(nC —ila
Xﬁmzz|m5m,n: Atmn: a-|m5m,n- (21) 2(P +Ia¢)e ’ m—1/25m'n+l,
The notation|,, is employed to show functions before this R
have the subscriph. Here the elements,,: 1/, Om-+1/2: Zm X2 =(Z+2)|mbmns  Aunn=(2°+a)|mmn-
anda,, are functions of the timé& Then by introducing the (24

following definitions:
Here we defined|,; 1,=b/p| ms 12 Which is interpreted as
62| i 12= 2 m 1= 2l m, a separation betweemth and (m+ 1)th segments. We also
define pclm:(pc|m+1/2+pc|m—1/2)/2 and ||m:b/pc|m for

da|ms12=alme1—alm, later use. Now the definition&22) are translated into the

forms
2 0,2 1 2 o2 2 o2
p-oz |m:§(P oz |m+1/2+P oz |m71/2), b (L
5Z|m+1/2:—c(—c+2') ;
p \p
8%l m=p?lm+ 112~ P?lm-172, m+ 12
: 1. : 2, 2|m+1_2|m
Pz|m:§(P2|m+1/2+P2|m71/2)v z |m+1/2:||—a
m+1/2
p2(€_ 5a)2| :E{p2('0_ 56\)2| +p2(€_ 53)2| 2} b L
m— o m+1/2 m—1/2f» 5a|m+1/2:_c iF_,_at' ,
p m+1/2
) 1 . .
pPOZm=7(ppozlmi vzt pPOZm-112), (22 ams1—al
, tim+1 tim
at|m+1/2=||—1
. . . . m+1/2
after some calculations, the effective acti@d) is evaluated
as 2 c
p /
5pzlm5_c F+a¢ )
2.1 o p
SDOZ_TO dtz 1+ —z +—p oz m
m )\2
ayl +1/2_a¢|m—1/2
1, 1 1. al| =2
2) _ = 2 2, _— 22~ 2 $lm )
+X [ 2P (6— da) +4)\4(5p) NG ] Hm
271/2 2 2
1. 1 . 1 L - L .
—)\2[—225;)2— —prﬁz} |- (23 p267° mgi{ bz(—c+z’ +b? —+2' ]
2\ A p m+1/2 p m—1/2
Note that the interior of the square root is proportional to the [ Lo, 2
identity matrix and the trace operation is simply replaced =b —~ Tz '
with the sum. p m
Let us return to the case of the fuzzy Blon configuration.
Now we add a scalar fluctuatia?[hm and gauge fluctuations i 1/ b?. b2 . b2 .
a| d d the fuzzy B f =5 525 5% = —a;
plm+1/2 a¢|m+1/2 an a|m around the fuzzy Blon configu- Pim=5] ~2% c2”¢ c2%¢|
ration (13) and (15) like m+1/2 m—1/2 m

046003-4



FUZZY BION PHYSICAL REVIEW D 68, 046003 (2003

2
. 1 L L
p2(0—5a)2|m55{b2(1—c+ftp +b2(1—c SD2=—T2f dtdpdép
Ap m+1/2 Ap
\° \°
2 L 2 X\ 1+ 3,202+ o FogF P 7 (e770,2Fp,)%,
+ftp =b +_c+ftp ’
m—1/2 )\p m (28)
, 1%L .\ where indices are raised or lowered by the mettg®=
PP5Z|mE§ —| =17 |a, —dt?+dp?+ p?d¢? and e'??=1/p. The fluctuations around
p-\p m+1/2 the Blon solution is given by
. bZ( L +A,) . .
—|—=+7'|a, _ - _
pC\ p° o z=zy+LInp+2z(t,p), Ftp—tﬁ+ftp(t,p),
bz( ") (25
=—|—+27]a P, :
P\t T Foo=p +as(tip), Fiy=aytp). (29

The symbol= is used when we ignore higher order terms on
la,/p°lm. By substituting these values into E(@®3), we
obtain the effective action for the fuzzy Blon configuration,

We assumed that fluctuatioﬁsat, a, anda, do not depend
on the angular directiorp. By substituting these into the
effective action, we obtain

=Ty dt> et 1+ —R2+b—2 Ly 2 wy, (L. )2
SDO: 0 m b z )\2 pC z SDZ:_ZTFTZJ dtdpp 1+ _Zz+ ;‘FZ'
b2 L 2 b4 (pc )2 ) )
A - —| F—+f +——| —+a/ 2 _L 1ip 1.,
[ v( VI AU o HW”IP talptae) T
b? . ] { b? ./ p° 21102
2 2 ' 1 L .
————=a5 —A\ zZ|—+a 2] AP, 2
¢ ¢ N\ =Z| =+al|-=|—+
A2p©2 A2p° b A {pz b ay ol 5 z a¢] (30
b2 BREREEE
e e A W) (26) From these we see that the acti®¥) coincides with the
Aptlp m action (30) in the case ob=\. This result is the same as

that in Ref.[8]. The conditionb=\ suggests that a DO-brane
Note that we used the relatiop$l |, 1,=p°l|m=b. Let us  can transform into a D2-brane with the areaX2
consider that,, are sufficiently small and take the continu-
ous limit. Then the above effective action for the fuzzy Blon V. CONCLUSION
reaches to

In this paper we construct the fuzzy Blon configuration in

T . 2 2 the framework of BFSS matrix theory. This solution has the
Spo= — _Of dtdpp 1+[ > AT e ] same properties as the Blon solution which represents a fun-
b AZ\p damental string ending on a bound state of a D2-brane and
) ) 4 5 DO-branes. For instance, Fhe differentia}l equati®nfor the
2= _( :L +f ) n b P +a’ Blon corresponds to the discrete equati@h® for the fuzzy
A2l Ap 4p2\b ¢ Blon. We also checked that the fuzzy Blon preserves 1/4

supersymmetry of type IlA superstring theory.

In Sec. IV we construct the effective action for the fuzzy
Blon configuration by analyzing the non-Abelian Born-
Infeld action for DO-branes. In the continuous limit, this ac-

b2 )22 tion coincides with the effective action for the Blon configu-
— | =tZ'|ay (27)  ration, in the case db=\. This means that a DO-brane can
Ap\P transform into a D2-brane with the arearR. This fact is

also supported by the energy conservation thgg
In order to justify this action, we should compare with the =27\T,. With these nontrivial confirmations, we conclude
effective action for the Blon configuration. that the fuzzy Blon configuration is also a solution of nona-
The effective action for the D2-brane is described by  belian Born-Infeld action for DO-branes.
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