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We construct partially localized supergravity counterpart solutions to the 1/2 supersymmetric nonthreshold
and the 1/4 supersymmetric threshold bound state Bl dyons in the D3-brane Dirac-Born-Infeld theory. Such
supergravity solutions have all the parameters of the Bl dyons. By applying the type-lIA—tydediBlity
transformations to these supergravity solutions, we obtain the supergravity counterpart solutions to 1/2 and 1/4
supersymmetric bions carrying electric and magnetic charges of the world val{fe gauge field in the
Dirac-Born-Infeld theory in other dimension$S0556-282(199)04420-3

PACS numbsefs): 11.27+d, 04.20.Jb, 04.56-h, 11.25.Sq

[. INTRODUCTION M2-branes intersecting at a po[i36]. If one instead consid-
ers the restricted metric Ansatz, which is of the same form as
In the very weak string coupling limitgs— 0), the world  that of the delocalized intersecting brane, the consistency of
volume theory of a D-brane is described by the Dirac-Born-the equations of motion requires one of the branes to be
Infeld (DBI) action[1-5] in the flat target spacetime with delocalized on the othg22-24,33. Even with this simpli-
vanishing forms and dilaton fields. Many of the solitons infied metric Ansatz with one brane delocalized on the other,
the DBI theory, collectively called bions or Bl solitons, have convenient closed form of solutions are generally not known,
been studied, following the initial works in Ref§6—8]. but only the solutions in terms of the infinite series of special
Bions can be regarded as the “boundary” counterparts to théunctions can be foundi24,28g. But when one goes to the
“bulk” supergravity solutions in the bulk-boundary holo- near horizon limit of the delocalized brane, solutions can be
graphic duality relationg9—-17]. More precisely, the inter- expressed in closed form in terms of simple elementary func-
section or the en¢of one brane on the otheof an intersect- tions [27,29-32,34 Although such solutions are not com-
ing “bulk” supergravity brane solution is interpreted in the pletely localized and in some cases one has to delocalize
“boundary” world volume theory as a soliton in the world compactify some of the overall transverse directions for the
volume theony{18]. Such an intersection or end is the sourcepurpose of localizing one brane on the oth@4] (when the
for the charge carried by the Bl solitg@9—21. In fact, itis  two constituent branes meet at the overall transverse space
observed6,7] that in the presence of a bion, which carries[37]), at this point this is the only case in which one can have
electric(magneti¢ charge of the world volum&(1) gauge explicit solutions in convenient closed forms. Perhaps, such
field of the D3-brane DBI action, a flat D3-brane develops apartially localized solutions might be useful for studying the
transverse spike, which can be interpreted as a fundamentablographic relations in the restricted cases where some of
string (D string) ending on the D3-brane. The Coulomb en- directions of the world volume brane configurations are de-
ergy density of such configuration is shoWfi to match the localized. Furthermore, such partially localized supergravity
energy density of the fundamental string or the D string,solutions have all the necessary parameters of the corre-
supporting such an idea. sponding Bl solitons, namely, the locations and the charges
If the bulk-boundary holographic duality is correct, then of bions.
all the parameters of the world volume theory or soliton have In this paper, we construct the partially localized super-
to be mapped one-to-one to the bulk theory counterpartgravity solutions which are the “bulk” counterparts to vari-
Generally, bions are parametrized by their charges and thegus BI solitons in the D3-brane DBI theory. Many of the
locations in the world volume space. Therefore, there have tpartially localized supergravity solutions that are the “bulk”
exist the corresponding localized intersecting supergravitgounterparts to the other solitons in the brane world volumes
solutions where at least one braieterpreted as the Bl soli- are already presented in R¢84]. For example, first of all
ton counterpajtis localized on the world volume of the for the solitons in M-brane world volume, the self-dual string
other (where the BI soliton lives [8] charged under the self-dual 3-form field strength in the
There have been many efforts to construct localized interM5-brane world volume corresponds to the intersecting M2-
secting brane solutiorj22-36G. However, it has turned out and M5-branes where the M2-brane is localized at the M5-
[35,36 that if one works with the most general spacetimebrane worldvolume. The 3-brane solit¢B88] in the M5-
metric Ansatz for completely localized intersecting branespbrane world volume corresponds to the intersecting two M5-
the resulting equations of motion to be solved are nonlineabranes where one of them is localized on the other. The
coupled differential equations, which do not have the generaheutral (with respect to the self-dual 3-form field strength
solution and are almost impossible to solve. Such equationstring in the M5-brane world volumi&9] corresponds to the
of motion were solved only perturbatively in the case of twoM wave localized in the M5-brane world volume. The zero-
brane (charged with respect to the Hodge-dual of a trans-
verse scalarin the M2-brane world volume corresponds to
*Email address: Donam.Youm@cern.ch the intersecting two M2-branes where one of them is local-
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ized on the other. Similarly, the partially localized intersect-
ing branes in the ten dimensions that are presented in Ref. Spesi= —j dP* oy —del(n,,+ d,y",y"+F,,). (2
[34] can also be interpreted as the “bulk” counterparts to the

solitons in the ten-dimensional brane worldvolumes. For ex-

ample, the supergravity solution for DO-brane localized at Since the bulk D3-brane configuration is invariant under
the D4-brane is the “bulk” counterpart to the Bl instanton in the SL(2,R) symmetry of the type-IIB theory, the DBI ac-
the world volume theory of the D4-brafé0—42, which is  tion for the D3-brane should also have tB&(2,R) symme-
the double dimensional reduction of the neutral string in thdry, as is proven in Refd44-53. In fact, the manifestly
M5-brane world volume. The 0-bran@-brane soliton on ~ SL(2,R) covariant form for the D3-brane DBI action is con-
the Neveu-Schwarz 5-brariBlS5-brang world volume cor-  structed 53], which we describe in the following. The world
responds to the supergravity solution for D1-brg8-  volumeU(1) field strengthF and its dual field strengtfs,
brang localized at the NS5-brane. The 3-brane soliton on thelefined as* G= *=246Spg, / 6F, transform as a doublet under
NS5-brane world volume corresponds to the intersecting twéhe SL(2R): F—~AF(F=(F G)', A e SL(2R)). Further-
NS5-branes where one of them is localized on the other. Thenore, the asymptotic values of the dilatefi and the axion
solitons on the world volume of the Kaluza-KleifKK)  x can be identified with alsL(2,R) doublet complex con-
monopole are those on the world volume of the NS5-brangtants U" (r=1,2), constrained by i(2) ErsufUS:j_, as
related through the type-llA—type-lIB-duality [43], e.9., U?/U'=y. +ie” %=. Here,U transforms under th§L(2,R)
the 0-brang3-brang soliton on the KK monopole worldvol- a5 yT—UTA 1. Recall that the scalare? and y of the
ume corresponds to the supergravity solution for the D2type-|IB theory form the cose&L(2,R)/SO(2). This coset is
brane[NS5-brang localized on the KK monopole. Further- gptained from the comple$L(2,R) doubletl/" by gauging
more, the structure of world volume supersymmetry algebrahe U(1)=S0(2) which acts as)'—€'?U". The combina-
dictates the existence of such world volume solitonsion £=UTF is SL(2,R) invariant. TheSL(2,R) covariant
(charged under the central charges of the algeansl the  form of the DBI action is expressed in terms of tBi&(2,R)

possible intersection rules among the spacetime bria@ids  jnyariant F and the 4-form field strengtH as
The paper is organized as follows. In Sec. Il, we survey

various Bl solitons in the D3-brane DBI theory. In Sec. I,
we construct the corresponding supergravity solutions and
ponding supergravity S f da—g

1 1
—_— . —_—— . *
their type-lIA—type-I11B T-duality transformed solutions. 1+ 2]: 4 16(]: 2

x(f-*f)+EH-H}, 3)
Il. SOLITONS IN THE DIRAC-BORN-INFELD THEORY 4

In this section, we summarize the previous works on soli-
tons in the Dirac-Born-Infeld theory, which are relevant towhere\ is a Lagrange multiplier and is the determinant of
the works in the following sections, for the purpose of com-the world volume metric. This action is supplemented with
pleteness and fixing the notation. the following self-duality relation:

i 1 - —
A. Dirac-Born-Infeld action E(*H) *F=F- Z(f' *FNF-*F)*F (4)
In the very weak string coupling limitgs—0), a Dp-

gtre?giowf(i) ersatligntshei ;latcg/lr:rs]tk;r:lﬁjli(llatsc?r?;i?jn\ﬁnvi\gmnm}/cl)?l This relation reduces the number of independent charges of
9 e 91OME 4nd G to two, which can be identified as charges whose

f'elds' In this I|m|_t, a Dp-brane W'th.the World volume coor- sources are ends of fundamental string and D-string on the
dinates o* (#=0,1,...p) moving in a @+1)- D3-brane

dimensional target space with the coordinated!
=(xx*y™m(M=0,1,...d; ©u=01,...p, m=p+1,...,
d) is described by the DBI action
B. Bl solitons
B o+l = In this subsection, we survey various solitons in the DBI
SpeI= _J dP*toy—det pund,z"'9,2"+F ), (1) theory whose corresponding and duality related supergravity
solutions we will construct in the following section.

By applying theSL(2,R) transformation, one can bring
where 7y is the metric for the Minkowskian target space arbitrary constantsl’ to U=1 andU?=i, corresponding to
andF ,,=d,A,—d,A, is the field strength of the world vol- the asymptotic valueg?+=1 and y..=0 for the type-IIB
umeU(1) gauge fieldA, . theory scalars. Note, this choice of the constadmtds pre-

In the “static” gauge, in which world volume coordinates served by théJ (1) subgroup transformation discussed in the
ot are identified with target space coordinatesods=x*,  previous subsection, just like tf&0(2)CSL(2,R) transfor-
the DBI action(1) takes the following form: mation leaves the scalar asymptotic vale#s=1 and y..

105006-2



SUPERGRAVITY SOLUTIONS FOR BORN-INFELD DYONS PHYSICAL REVIEW B0 105006

=0 intact. With this choice, the compléx(1) field strength e %2y, e??\ [cosa —sina
takes the formF=F +iG. I'= 0 o2 || sin cosa | (6)
In this case, a general solution, which preserves 1/4 of the @ @
‘["éo_r|8d4;’%|21"2§ supersymmetry, has the following form ., the SO(2) rotation anglax constrained to satisfy
3 q 3 G cosa=e?Hm-ny.)A 5.
D=V, , X= :
=1 [r—xil =1 [r—x
sine=e *PnA 12 mnez, (7
Np . Np .
B=VZ Pi Y= Pi , (5) which fix the expression foA , ) as
<1 r—yil =1 [r=yil
A(m.ny=n%e" =+ (ny..—m)Ze?=. €)

whereX andY are scalars describing target space coordinat
perpendicular to the world volume, anet (ot,02,0°) is the
spatial world volume coordinates. Her®,is the canonical "
momentum conjugate tA=(A;), i.e., the electric induction, _vy mq BV nq X— Aimmd 9
andB is the magnetic inductionB;=3 €;;xF ). The solu- D= r=rol” = - - ©
tion describes electric and magnetic bions located at different

points in the world volume. The bulk interpretation of this
solution is that fundamental strings stretching in ¥hdirec-
tion end on the D3-brane at and D strings in the Y direc-
tion end aty;. The parameterg; and p; are, respectively,
related to charges of the fundamental strings Bnstrings.

A special case of this general solution which is also
Bogomol'nyi-Prasad-Sommerfiel(BPS is the case when lll. SUPERGRAVITY SOLUTIONS
N:=Ny=N, andx;=y;. Such a solution describé$BI dy-
ons with chargesq,p;) located atx;. The bulk interpreta-
tion is N dyonic strings, each with the NS-NS and the
Raymond-RaymondR-R) two-form potential charges re-
lated to @;,p;), ending at the points=x; in the D3-brane
world volume and stretched in the directioggey+ p;ey .
Here, e, ande, are, respectively, the unit vectors in the . , , , .
andY directions. In this case, 1/4 of spacetime supersymme- N this subsection, we summarize the bosonic effective
try is preserved. The particular case in which both electriSUPergravity action for the type-lIB superstring and its
and magnetic bions have two centers is interpreted as the{(2R) symmetry for the completeness and for the purpose

string junction[56]. This can be seen by studying the solu- ©f fixing the notation. _ _
tion in the three asymptotic regions near the two centers (. 1 he bosonic part of the low energy effective supergravity

—X; andr—Xx,) of the bions and far way from the bions theory for the t_ype-I_IB string theory is described by the

(Ir|—=). The angles between strings in the string junctionMassless bosomc_strmlg modes. These are the gra@n

are determined by the charges, q,, py, andp, of the the 2-form potentiaB{;} and the dilatong in the NS-NS

bions, and are consistent with charge conservation and teector, and the axionic scala; the 2-form potentiaB{7

sion balance, necessary for the existence of the static BP®1d the 4-form potentiaDnpq in the R-R sector. In the

string junction configuratiofi57—-59. string frame, the bosonic part of the effective supergravity
The BI soliton that corresponds to the 1/2 BPS type-liBaction has the following fornp60]:

dyonic string of Schwarf45] can be similarly constructed

[55]. One starts with the special case of the general solution 1 3

(5) in which p;=0 and only one ofy; is nonzero, sayg; ,,té=—f dlox\/—Gs"{ ez‘/’[ — R+ 4(dp)?— —(HWD)2

= qA(lr’f’n) andx, =r,. Here, we redefined the charge with an 2 4

arbitrary multiplicative constanf, ,) for the purpose of

charge quantization after theL(2,R) transformation. This

corresponds to a fundamental string ending on D3-brane. In

order to get the Bl dyon with electric and magnetic charges

€¥he resulting dyonic solution has the following form:

This solution is interpreted as the Schwarz dyonic stfitf)
with the charges related tan(g,nqg) and stretching in th&
direction ending on D3-brane.

In this section, we construct the partially localized super-
gravity solution counterparts to the Bl solitons in the D3-
brane world volume discussed in the previous section.

A. Type-IIB supergravity and the SL(2,R) symmetry

1 2 3 (2) (1)y2 5 2
— —(dx)%2—= =(H@— yHM)2— _F
2()() 4( xH™) 5

(mag,ng) and an arbitrary scalar asymptotic valag= y., 1
+ie” %=, one applies thesL(2,R) transformation with the - leDHOHO ], (10
following matrix: 96— GSY
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where HO=gB" (i=1,2) andF=gD+ 3€1BMOBU) are, Where the harmonic functiondr andHs, respectively, as-

respectively, the field strengths of the potentgf8 andD.  Sociated with the fundamental string and the D3-brane are
The SL(2,R) symmetry[61,62 of the type-1IB theory is 9IVen by

manifest explicitly in the effective action in the Einstein

frame. By applying the Weyl-scaling transformation of ol Qs
spacetime metricGyy=e~ #2G3fy, one can bring the ac- He=14 ——— ———, Hiy=—=—>.
tion (10) to the following Einstein frame form60]: [[X=Xo|“+4Q3|z—20|] 12— 2|

(16)

Note, in the above two overall transverse directions are de-

localized(i.e., z andio in the above harmonic functions are
3-vectorg so that the fundamental string can be localized
along the world volume directions of the D3-brane.

, In the Einstein-frame, in which th8L(2,R) symmetry is
explicitly manifest in the type-11B supergravity action, the
spacetime metric takes the following form:

1
She=> [ /=6

1
—R+ ZTr(aM/\/taM/vt)

3 5 1 N o
_ —H(')M”H(J)— —F2— — lepHOHM
4 6 96V -G

11

M N_ o— /2 t M N
where anSL(2,R) invariant matrixM formed by the scalar GundxMdx=e" ?2Gidx"dx
A=y+ie ¢ has the following form:
= —H7 ¥ H; Y2+ HE S YA dxe + dxd

|2 -
M:e¢(|| )1() (12) +dx) +He ¥H3"dy? + HE '3 d g+ -
X
+dZ). 17)

The Einstein frame actio(i1) is invariant under the follow-
ing SL(2,R) transformation: In order to construct the supergravity solution correspond-
ing to the 1/2 BPS BI dyon, we apply ti&(2,R) S-duality
B B transfqrmatiodn of the dtype;%;]upgr?ravity. We fc:_llow rt]he
_ ) prescription discussed in A45]. Before one applies the
(3(2))H(AT) 1(3(2))’ M=AMAT;  AeSL2R), SL(2,R) transformation(13) to the supergravity solution
(13 (14) for the fundamental string ending on the D3-brane, one
has to first modify the charg®g of the fundamental string
by multiplying it with an arbitrary constant, i.e.Qr
HQ(quqz)EA(lézl'qz)QF, for the purpose of recovering the
charge quantization conditiof63—-69 after the SL(2,R)
transformation.

with the metricGy,y and the 4-form potentiaD remaining
intact.

B. Supergravity solution for the nonthreshold bound state BI
dyon

To construct the supergravity counterpart solution to the 2rpe coupled differential equations that these harmonic functions
1/2 supersymmetric Bl dyon solution in E€), we start  gatisfy have thes-function source terms, which correspond to the
with the following partially localized supergravity solution (microscopic branesources to the brane charges. Namely, strictly

for the fundamental string ending bB3-brane[34]: speaking of the coupled differential equations, given in Re4],
that the harmonic functionsl and H; satisfy have to be of the
G dxMdxN= —H-tH3 Y2d 2+ Hy YA dE + dxG+ dxg) following forms:

(%HF_'_HS‘;EHFZQF(%;_;O)&E_EO)I
n H;lH%’Zdyz—ngz(de‘F . +dz§),

U - -
o=y 32, (19
e‘f’zH;l/Z, Bg}):HEl, Dtx1x2x3:H§la where q; and gg are, respectively, charges of the fundamental

(14) string and the D3-brane and, is the volume of the delocalizeyl
space. Similarly, the differential equations in E§3) have to be
modified by theé-function source terms. Although the partially
localized supergravity solutions presented in this paper are valid

Istrictly speaking, the following solution corresponds to the fun-only in the near-horizon region of one of the constituents, one can
damental string “piercing through” D3-brane, rather than endingstill define charges of the constituent branes through Gauss’ law by
on D3-brane. However, at this point, this solution is the closestdoing volume integrals over the spaces that containstfienction
supergravity solution that we have. singularities of the brane charge sources.
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We choose the followin@ L(2,R) matrix for the transfor- GundxMdxN=—H (—q?/‘;Z)H 5 2412+ H (1(/]‘1 ayH3 Y2(dx@
mations: ’ ’

+dx3+dx3) + H@j{‘;z)Hé’zdyz

e %2 y.e??\ [cosa —sina » 12 42
A=Aho=| o2 | sine  cosa +Higr qyH3(dZ+ - +dZ),
, , = o No|2Figre” P=H 2
e %=cosa+ y.Sina —e ?*sina+ y..cosa o2 = AaX--— Azl A-| . q1¢ 1/2(%%)
B sina cosa e 91~ d2X=F1026 “H g q,)
18
(18) "
ty Y -1
. . S =M A H D =H;".
The transformation by a®O(2) matrix A,, which is the Bg)) o <q2) (dy.92) 1 (ay.0,) * X Xoxg 173
most generaSL(2,R) matrix that preserves the asymptotic (22)

value M, =1 (or \,=i) of the scalar matrixM, on the
solution (14) results in the supergravity solution for a non- From the above expression for, one has the following
threshold bound state of the fundamental string andihe forms for the axiony and the dilatore?:
string ending on the D3 brane with the asymptotic value
M.,=1 of the scalarM. The subsequent transformation on e? XA (g, .4+ A292(H(q, g~ 1)
the trapsformed §0Iution by the matrjkl leads to the_solu— X~ ng(q ,q2)+92¢w(q1_q2/\,m)z '
tion with an arbitrary asymptotic valué1,, (or \,.= x. !
+ie™ %) for the scalar fields. 12

By demanding that th8 L(2,R) transformed charge@®) —o_ Aay a9 (a0
and Q.(z) for the fundamental string and th2 string to be e _ng(ql’qz)Jre2¢w(q1_qzxm)2
quantized, i.e.,

Rt | 112
=1 P H g o H (23
_ . (91.95)" "(dq.95)
Q(l): (e ¢m/2005a+Xooe(ﬁgc/ZSIna)Ag-(/ﬁ,qz)QF: :quF ,
where
2) o2ai 1/2 .
Q( )_ed’ SlnaA(ql'qz)QF_.quF, (19) . e_d)mq%H(ql,qz)_*—e(ﬁm(ql_qZXOO)Z
H(qquz): (24)

A
for any integersq, and g,, one fixes theSQ(2) rotation (a.9)

anglea to be Here, the harmonic functions, which describe the nonthresh-

old bound state of the fundamental string and Ehetring

005a=e‘/’w’z(ql—qzxm)Aa’?qz) localized on the world volume of the D3-brane, are given by
a2y A 112
sina=e QZA(qvaz) B Q(qu%)
0 bl A2 . Hiapap =1+ =—> 24 40.7— 2,113
oe=e2(q- ) A (G ) G102 Z. [1X—Xo|*+4Q3|z— 2]
b2 A —1
(20 ) 14 e ? qZA(qvaZ)Q(qquz)
(91,0 — - - !
From this, one determines the expression for the arbitrary L [IX—Xol?+4Q3|z— 2| 1?
constantA . 4,y to be
112 Q3
) H3: I a—— (25)
A(ql,qz)Ee¢”(Q1_QZXoo)2+e_¢°°Q2 |z— 2z
_Al2
eh whereQ(q, .q,)=A(q,,0,) Q-
=(0; gIM. o (21) Note, this solution has all the parameters of the 1/2 BPS

Bl dyon, namely,io that is related to the location of the BI
Q®,Q®) dyon in the D3-brane world volume and(,q,) that are
' related to the electric and the magnetic charges of the BI
satisfy the charge quantization condition. dyon. Note also that the parametgk ,, ) in the expression

The final form of theSL(2,R) transformed solution in the for X in Eq. (9) is related t0Q(q, q,) in the above harmonic
Einstein frame describing the nonthreshold bound state ounctionHq, ¢, for the (@:Qr ,0,QF) string. This is related
the fundamental string and th# string ending on the D3- to the fact that the magnitude of the scalar chdrgethe
brane with arbitrary asymptotic values for the scalars is ascalarX in Eqg. (9)] can be identified with the tension of the
follows: attached string, i.e., the above,Qr,q,QF) string. The di-

The SL(2R) transformed  charges
=(01Q¢,9,QF) of the fundamental string and th2 string
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rection along which thed; Qg ,q,Qg) string stretches is the the self-dual string soliton in the M5-brane world volume
direction associated with the world volume sca¥ar wrapped around a “tilted” circléat angle with respect to the
By applying the type-lIA—type-1IBT-duality transforma- longitudinal and a transverse directjdiv0,8], followed by
tions on the solutiori22) along the overall transverse direc- the type-l1l1A—type-1IBT-duality transformations.
tions z;, one obtains partially localized supergravity solu- In the string frame, the above soluti@d@6) takes more
tions that correspond to a new class of nonthreshold bountecognizable form. After redefining the scalar asymptotic
state Bl solitons. Before one applies tihaluality transfor-  values such that the resulting spacetime metric in the string
mations, one has to first delocalize the solution along thoséame is asymptotically flat and then applying the Weyl-
directions, i.e., one has to compactify tiedualized direc- rescale transformation of the metr@},=e??G,,y, one
tions on circles. Note, however, that two of the overall trans-obtains the following string frame form of the spacetime
verse directions of the solutiof22) are already delocalized metric:
for the purpose of localizing the string on the world volume
of the D3-brane. The resulting supergravity solution has the Gjf dx"dx"= - Hy tHY2 H Y242+ HY2 H, M2
following form: , , 1
GMNdXMdXN: e(n+2)¢x/8ﬁ&n++n2)/8H i/4H gl—nzl)/8[ - HIld o X (dX1+ dX2+ dX3) + H1+rt|3+n
_ X (duf+ - - - +duf) +Hy "HYZ HEZ dy?
+dxC+dxs+dxi+e ¢=H L (dui+- - _
o , +HY2 W12 (dZ2+...+dZ_,). (29
+dud)+H; *Ha, hdy?+Hg n(dZ+ - -

+d24217n)], C. Supergravity solution for the threshold bound state Bl
dyon
et =@ Meulay(2- Midy 12 S nid (26) The “bulk” spacetime configuration counterpart to the

_ threshold bound state of electric bions and magnetic bions is
where in the case of= 1,2 the harmonic functions are given the orthogonal fundamental arid strings ending on D3-

by brane with the following configuration:
N Q(q; .a,) D3: 1 2 3 - - - — - -
1 - - - > ]
[|X_XO|2+4Q3|Z_ZO|]3 D1: -— _ - 4 - _ _ _ _ (29)
— o2 A —1
= e¢q2A(qqu2)Q(ql’q2) F: - - - —-— 5 - - - -
Hiin=

1+ ——= —=,
—Xo|?+4Q3|z— 2|13 , , - ,
[1x=Xol*+4Qsl 2= 2] In the string frame, such configuration is described by the

following supergravity solution, which is the “bulk” coun-

Qs (27)  terpart to the general Bl dyon in E¢p):

H3+n=|£ 2 | .
40
GundXMdxN= —Hg H Y2H 5 Y2+ HYH YA dx + dxd

The solution describes the nonthreshold bound state of the 5 TR
fundamental stringwith the longitudinal coordinatg and +dxg)+Hy H3du +He "H H3 dy
the associated harmonic functionH;) and the U2 1 1/2
D(1+n)-brane [with the longitudinal coordinates THIHIAdZ - +dZ)),

(y,uq, ...,u,) and the associated harmonic functidn ef—HoU2HY2  gM_py-l B@_pyl
ending on the D(3 n)-brane with the longitudinal coordi- e
nates &;,X»,X3,Uq, ...,u,) and the associated harmonic
functionHs, ].

From this solution, one can see the existence of the 1/2 . : : .
BPS nonthreshold bound state of an electric bion and a ma __here the harmo_mc functions satisfy the following coupled
netic bion under the world volumg (1) gauge field of the ifferential equations:

(3+n)-dimensional DBI theory. Such magnetic bion is re-
lated to the self-dual strinf8] in the world volume of the
M5-brane through the dimensional reductidgalong the

Dtx1x2x3: Hgl, (30

2 2
I5HE+H3d-HE+H1d5HE=0,

2 2
world volume direction transverse to the self-dual striagd d-H,+HzdH;+H FO7§H3= 0,
the type-llA—type-1IB T-dualities (in the transverse direc-
tions). Also, the electric bion has the same origin in the M5- a§H3+ H19ZH3+HedoH3=0, (31)

brane world volume: for this case, the longitudinal direction

of the self-dual string is compactified. One can think of suchalong with the constraints

nonthreshold bound states of the electric and magnetic bions

in the D(3+ n)-brane world volume as being originated from dyHedyHp=0, dyHzdHe =0, dHzdzH,;=0. (32)
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The constraint432) can be satisfied when the solution tion to the string junction discussed in the previous section.
(30) is delocalized along andu directions. With this choice, As a string approaches the D3-brane, it splits into two
the fundamental strings and tbBestrings become completely strings.
localized at the D3-brane. In this case, the coupled differen- By applying the type-llIA—type-I1I1BT-duality transforma-
tial equationg31) satisfied by the harmonic functions reduce tions along the overall transverse directions of the solution

to (30), one obtains the following supergravity solution for the
fundamental string and the @abrane ending on the R(
) 5 ’ ) ) +2)-brane:
(9£HF+H3(9)ZH|::O, (9£H1+H3(9)2H1:0, (7£H3:0
33 G AXMdxN= — H H o Y2H  Y2d 24 H V2H 12
One can solve these coupled differential equations by fol- X (AW + - - - +dwe_ ) +HH IS
lowing the procedure discussed in REB4]. Since the di-
mensionality of the overall transverse space is 4, one has to X (dxf+dxg+dxg) +H, Y H Y2 ,du?
delocalize one of the overall transverse directions in order
for the fundamental string and tH2 string to be localized +HE THYPHYZ dy2+ HYPHYZ,
along the world volume directions of the D3-brane. The ex-
pressions for the harmonic functions have the following X(dzf+.-~+dz§_p),
forms:
—1/2 (3= Py (1—p)/
et =Hp PHE PP
1+z ZQFi _ BY=He"  Auwyoowy u=Hp "
1[|X—Xg1 i3+ 4Q4] 2 2o|] .
Atwl- . ~wp71x1x2x3: HE+2' (35)
1+2 Qpi In the case op=2 (the fundamental string and the D2-
1[|X—Xp1i|2+4Qa|z— 20132’ brane ending on the D4-branehe harmonic functions are
given by
Q3 i
Hy= —— . (34) He=1+> —— ZQF' —,
2= 2| [IX=Xg1il*+4Q4|z—20|]
Note, these “localized” harmonic functions contain all the H _1+2 Q2i
parameters of the electric bions and the magnetic bions in the 2" ; [|§_§D2 i|2+4Q4|£_ 20|]3/2’
world volume of the D3-brane. Namely, the electric and
magnetic chargeg; andp; of the bions(5) are related to the
chargesQr; andQp; of the fundamental strings and tie H,= Q4 (36)
strings, and the locations andy; of the electric bions and 4 |2_ £O| '

the magnetic bions are related to the locatigps; andXp; ;

of the fundamental strings and tbestrings in the D3-brane  £roy this supergravity solution, one infers that there should
world volume directions. exist the 1/4 BPS threshold bound state of an electric bion
As in the case of the threshold bound state Bl dyon soluzyng a magnetic bion under the world voluroél) gauge
tion (5), when Ng=Np and Xg;;=Xp;; the solution(30)  field of the 4-dimensional DBI theory. This solution origi-
describes the threshold bound state of dyonic strings with thaates from the two intersecting self-dual strings on the M5-
NS-NS and R-R two-form charge®f;,Qp ;) stretched in  brane world volumd39] through the dimensional reduction
the Qg i6,+Qp &, directions. Hereg, and e, are, respec- along the longitudinal direction of one of the self-dual
tively, the unit vectors in thg andu directions. Since these strings. The corresponding “bulk” spacetime counterpart
dyons are at angle with respect to thend u coordinates, configuration is
there has to be a nonzero off-diagonal te@ﬁ; indicating
rotation of the dyonic strings in they-plane. But the above M5: 1 2 3 4 5 — — — — —
supergravity solution lacks such a term, because the solution
is delocalized along those directions. Such an off-diagonal
term is expected to appear in the fully localized solution with
more general metric Ansatz. The particular case in which (37)
both of the harmonic functiond andH, have two centers
corresponds to the “bulk” spacetime counterpart configura- mM2: - - - - 5 — 7 — — —,
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The two world volume self-dual strings are, respectively,solution for the fundamental string and thgdbrane ending
stretched along the 4 and 5 directions of the M5-brane worlen the D@+ 2)-brane withp>2, which is related to the
volume. After compactifying either 4 or 5 on a circle, one configuration(37) through the dimensional reduction and the
obtains the above ten-dimensional configuration describingype-lIA—type-IIB T-dualities, also implies the existence of
the fundamental string and the D2-brane ending on the D4the 1/4 BPS threshold bound state of an electric Hion
brane. The corresponding world volume configuration is thebrang and a magnetic biop(p—1)-brang under the world
threshold bound state of thielectrig 0-brane and thémag-  volume U(1) gauge field of the g+ 3)-dimensional DBI
netic 1-brane in the D4-brane DBI theory. The supergravitytheory of the Dp+2)-brane.
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