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Probing the partially localized supergravity background of the fundamental string ending
on the Dp-brane
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We study the dynamics of the probe fundamental string in the field background of the partially localized
supergravity solution for the fundamental string ending on tipebbane. We separately analyze the probe
dynamics for its motion along the world volume direction and the transverse direction of the squbrariz.

We compare the dynamics of the probe along thelbane world volume direction to the bion dynamics.

PACS numbgs): 11.15.Tk, 04.50th, 11.25.Sq, 11.2#d

[. INTRODUCTION NG action of the brane 1 in the background field configura-
tion of partially localized intersecting brane 1 and brane 2,
The source and probe method has been useful for studyhere brane 1 is localized on brane 2.

ing the bound states of branes. In this method, it is assumed One can apply this method to study the dynamics for any
that the source brane is much heavier than the probe bran&pe of intersecting brane configurations by using the par-
Thus, although the probe is under the influence of the field§ally localized intersecting brane solutions and applying the

produced by the source, the probe has no influence on tHmilar procedure as the work of this paper. But we will
source field configuration. So, the source and probe system [§Strict our study to the case of the fundamental strings end-
described by the Dirac-Born-Infel@DBI) or the Nambu- g on the [p-brane, because for this case the dynamics of
Goto (NB) action of the probe brane in the “static” field the corresponding world volume solitons, i.e., the bions

background of the source brane. Such a method has be@'nl’la’ is relatively well understood, e.g., Ref¢3-15. As

successful in reproducing the brane intersection rfll¢and we will see n the fo.IIowmg section, we however fmd d|s.—
in studying some dynamics or statistical mechanics Ofalgreement in dynamics of the probe fundamental string with

branes, e.q., Ref§2—6]. the dynamics of bions. This seems to be due to the fact that

Th d b thod | ful allv wh the supergravity solutions for intersecting branes used in this
€ source and probe method 1S usetul especially whe aper are not fully localized ones. Namely, for the partially
one wants to study intersecting brane configuration, sinc

) : ] ) 5 calized intersecting brane solutions used in this paper, the
completely localized supergravity solutions for intersectingycation of the p-brane along the longitudinal direction of
branes are not yet available. Note, for delocalized supergraype fundamental string is not specified, whereas the scalar
ity solutions, a constituent brane is not localized on the worldig|d of the bion solution specifies such location. Also, it
volume of the other constituent. So, delocalized solutions arghight be due to the difference in approximations used in the
not useful for studying, for example, the dynamics of a branealculation of brane dynamics in the source-probe method
constituent within the world volume of another brane con-and the world volume soliton method. However, the com-
stituent. For such a study, one lets one constituent be thgarison of supergravity and world volume aspects of brane
probe and another constituent be the “static” background inrdynamics discussed in this paper may turn out to be useful in
which the probe moves. However, this method cannot bether relevant studies and when fully localized solutions are
applied if one also wants to study the interaction amongavailable.
branes of the same type while these branes move in the back- The paper is organized as follows. In Sec. Il, we summa-
ground of brane of another type. It is the purpose of thisize the partially localized supergravity solution for the fun-
paper to study such a case. damental string ending on thepEbrane. In Sec. lll, we

In Refs.[7-10], various types ofpartially) localized su-  study the dynamics of the probe fundamental string in this
pergravity solutions for intersecting branes in the core regiosupergravity background, closely following the previous
of one constituent brane are constructed. For such solutiongorks [2,5] on the dynamics of the probe branes. We con-
one constituent is localized on the world volume of the othersider the cases where probe fundamental string moves along
constituent (while the latter brane is delocalized on the the longitudinal direction and the transverse direction of the
former brang provided that some of the overall transversesource [p-brane, separately.
directions are delocalized in some cases. In this paper, we
study the dynamics of théocalized former type of brane
(brane 3}, which not only interacts with thédelocalized
other type of branébrane 2 but also interacts with another
brane 1. One can describe such dynamics with the DBI or the

Il. PARTIALLY LOCALIZED SUPERGRAVITY
SOLUTION FOR THE FUNDAMENTAL STRING
ENDING ON THE D p-BRANE

In this section, we summarize the partially localized su-
*Email address: Donam.Youm@cern.ch pergravity solution for the fundamental string ending on the
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Dp-brané constructed in Ref8]. The string-frame effective is .an additional Chern-Simon ~ term
supergravity action for such configuration is given by ~el lOBM1M25M3AM4M5M68M7AM8M9M10 in the action.

L The supergravity solution has the following fofm:
f d*%{-G
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where G and R are respectively the determinant and the F P ty F

Ricci scalar of the spacetime metricGyy (M,N 1

=0,1,...,9) in thestring frame,¢ is the dilatonHj is the Atx1~~-xp: —H,", @
field strength for the the 2-form potentiB},y in the Neveu-

Schwarz—Neveu-SchwailNS-NS sector, andF ., is the  where the harmonic functions for the fundamental string and

field strength for the §+1)-form potentialAy, ... ., i the Dp-brane in the near horizon regiofz(-zo|~0) of the

the Ramond-Ramon(R-R) sector. For thgp=2 case, there Dp-brane are respectively given by

He=1+> Q . , szﬁ. @)
i o 4Q, . . [(p—3)°+3]/2(p—4) |z—20|6‘p
[X—Xgi|“+ |z—zo|P~
Oi ( 4)2
|
Note, these harmonic functions describe the localized funda- Q¢
mental strings on the @brane only for thep=5 case. 1+ 21 40.2]° p<5, 0
(When p=6, the harmonic functiord, is logarithmic and He= P Hp:_P, (5)
therefore this supergravity solution is not valid. For the 14 Qr _5 z
=7 case, the spacetime is not asymptotically Jfl&or the [x2+4Qsz] P=>
p<5 case, one has to delocalize-p of the overall trans-
verse directions in order to localize the fundamental strings . R
on the Dp-brane. Harmonic functions for this case are givenwherex=|x| andz=|z|.
by
Qi Qp IIl. DYNAMICS OF THE PROBE FUNDAMENTAL
He=1+2 ——— == 3 Hp==—=. STRING
T [[x=Xoil“+4Qp|z—20|] 2= 2|
(4) In this section, we study the dynamics of the probe fun-

damental string that moves in the background of the source
Note, in the expressions for harmonic functions in & z fyndamer_ltal st_ring gnding on the sourcp-@rane with the
is thé art of overall transverse coordinates where thé bran field conflguratlon.gwen by qu.)' We will assume that) .
P ] hey ) - } ¥Re source brane is much heavier than the probe brane, i.e.,
are localized. Namelyz in Eq. (4) is three-dimensional. there are large numbers of coinciding source fundamental
In this paper, we consider the case in which all the fU”'strings and source Bbranes, andii) the velocity of the
damental strings cojncid(;:‘ at the origin of thp{brane world probe fundamental string is very small and changes very
volume spacsi.e., Xo;=0, for all i) and the fundamental slowly. Based on the first assumption, we neglect the back
strings and the P-brane meet at the origin of the overall reaction on the source due to the moving probe. The second
transverse spadée., z,=0). The harmonic function3) in  assumption implies that the radiation will be negligible, al-
this case take the following forms: lowing quasistatic evolution of the system which is described
by the geodesic motion in the moduli space.
The action for the probe fundamental string with the ten-
ion T; moving in the curved background is given by the

Of course, this supergravity solution does not strictly correspon ollowing Nambu-Goto action:

to the fundamental string “ending” on pbrane, but rather corre-
sponds to the fundamental string “piercing” througlprane. But

at this moment, this supergravity solution is the closest that we
have. 2Similar class of solutions was first constructed in R&.
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\/_detéab_‘_ ieabéab éab:GabJ’_ Gij(?aXi(?ij, éab: Bab+ Bajaij+Bib(9aXi,
2! ’ ®

6) where scalarsX' are the target space coordinates for the
A A transverse space of the fundamental string.
where G,, and B,, (a,b=r,0) are respectively the pull- Note, the above actiof6) describes the probe fundamen-
backs of the Spacetime met@MN and the NS-NS 2-form tal String mOVing in the baCkgrOUnd of fields prOdUCGd by the
potentialBy, to the world volume of the fundamental string: Source brane configuration. Nameyy andByy in Egs.
namely, (6) and (7) are the fields in Eq(2) produced by the source.
Also, in the supergravity solutio(2), the coordinates, vy,

and z correspond to the target space coordinafesf the
probe fundamental string and are assumed to be functions of
time 7=X° only, i.e., x=x(7). Namely, the probe funda-

In the static gaugeX°=r and X*=¢ with X* being the  mental string moves in the source background without oscil-
longitudinal coordinate of the fundamental stinthe pull-  lating. Therefore, the probe actia®) takes the following
backs take the following forms: form:

S=j deUL:_TfJ drdo

Gab=GundaXM XN, Boy=BundX"dpXN.  (7)

S= —Tff drdof V= (=Hg Hy 2+ H YA F+HY VD HE THY = HE )

= —TfJ drdo HE Y V1—Hevi—HoHev? —1]

:_mff drHE ' [VI-Hevf—H Hpv? 1], 9

wherev| andv, are respectively the speeds of the probeln the case of the delocalized intersecting source configura-
fundamental string in the longitudinal directionand the  tion, the harmonic functions have the following forms:

transverse directioa of the Dp-brane:
p dXi 2 8-p de 2
vi=\ 2 (E) Covi=\ X (E) . (10 . _ .
=1 k=1 where the constant terms 1 in the harmonic functions are
absent in the near horizon region~0). Note, in the par-
Since the configuration under consideration is assumed to Ji&lly localized case with the harmonic functions given by
independent of the longitudinal coordinaté= o of the fun- Eq. (11), unlike the delocalized case with the harm_omc func-
damental string, the integratigwith the possible regulariza- tions (12), the background geometry has the explicit depen-
tion) with respect tao in Eq. (9) just gives the volume fac- dence on the radlal_ coordinakeof the world vqu_me space
tor, which combines with the tensiofi; of the probe of the Dp-brane. This makes the study of nontrivial dynam-
fundamental string to give the mass of the probe funda- ics of the probe fundamental string in the relative transverse
mental string in the third line in Eq9). So, the above probe SPace possible.
action S effectively describes the dynamics of a test particle S0» €xplicitly in terms of the parameters of the source
with massm; moving in the background fields. supergravity solution, the probe acti@®) in the core region
In the core region of the fundamental string and theOf the constituent source branes takes the following form:
Dp-brane k~0 andz~0) or in the large source charge
limit (Qg>1 and Q,>1), the harmonic functions in the S fd (X2+4Q,z)"?
= — mf r—

(12)

action (9) have the following forms: Qr
9 y \/ L Qv Qv
%, p<s5, (x2+4Q,2)"2  z(x*+4Q,z)"? |’
T R =2 (11) (13)
F Qr 5 Pz
(X*+4Qs2)"? =5, wheren=6 [n=7] for p<5 [p=5], and
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Al QFV|| QpQFVJZ_ me(x*+4Qy2)"?
S__mfj dr 6-p 12-2p , E=——"_-——
QF z z QF
(14
1
for the delocalized case. X -1,
These actions for the probe fundamental string effectively vaﬁ QpQva

describe the dynamics of a particle with massmoving in - (x2+4sz)”’2_ z(x2+4sz)”’2

a velocity dependent potential. When the motion of the probe
is restricted either to the relative transverse sp@déh the (17)

coordinatesx) or to the overall transverse spatith the

coordinateé) of the source brane configuration, the force on
the particle becomes central, as well.

For the purpose of analyzing this motion, we set all the =
angular momenta of the probe except one in each spjce ( QFV” pQFVL '
#0 in the relative transverse space ahd#0 in the overaII

wheren=6 [n=7] for p<5 [p=5], and

mgX 9”

Z12-2p
transverse spagequal to zero. And one introduces the polar
coordinates X, 6)) and (z,6, ) in the rotation planes respec- )
tively associated with the angular momedfandJ, . Then, mf(szF”“t9L
the velocitiesv) andv, in the relative transverse space and J =
the overall transverse space, defined in @€), are decom- QFVH PQFVJ_
posed as - 22
232,292 2_12, 292
Vi=X"+ X607, vi=z°+2z°07, (15 mfz
S -1, (19
where the dot denotes the differentiation with respect to the Q v Q,Qpv2
. . F || p FV1
time coordinater. ~
Then, in general, the angular momedfaandJ, and the P
energyE of the probe are given by )
for the delocalized case.
oL meZGH
pf)H A. The motion of the probe fundamental string
(99” \/1 H,:VH H HFVL in the relative transverse space

- In this subsection, we study the dynamics of the probe
aL _ m¢H 276, fundamental string whose motion is restricted to the relative

Ji=po, = 5_ \/1 HvZ_H. Hy2 transverse space of the source brane configuration. In this
L TRV T HpHEVL caseyv, =0 and the coordinatgis constant in time. Gener-
ally, the angular momentund; in the relative transverse
E—H= ﬁ n i L space and the energ@yof the probe fundamental string have
B 07VHV|| o'?vLVL the following forms:
my 1 . 6 mex26, m 1
= —1|. J=—F——=, E=—|—=-1|. (19
He| V1-Hevd—H Hev? VI-Hev? He| J1-Hev?

So, explicitly the expressions for the angular momentaSo, explicitly the angular momentum and the energy for each
and the energy of the probe fundamental string in each cassse are as follows:
are as follows:

mfxzéu
mx“ 6, J= —
JH: > > B \/1_ QFV”
\/1_ Qrv] B QpQrvi (x2+4Q,2)"2
(X*+4Qp2)"?  z(x*+4Q,2)"?
my(x%+4Q,2)"? 1
JJ_: > — 2 ) Qe \/ QFVﬁ
\/1_ Qrv| B QpQrv1 1_(X2+4sz)n/2
(X2+4Q,2)"%  z(x?+4Q,2)"? (20)
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wheren=6 [n=7] for p<5 [p=5], and

meZ.QH
JI=
Qrvj
s
mgz8 P 1
E= _-1], (21)
Qr QFVH

5P

for the delocalized case.
From the above expression for the eneEypf the probe

fundamental string, one obtains the following kinetic rela-

tion:

14—
1 2 2mf F
EzszVH—‘rW(X)’ W(X):E 1- E 5 |
l+_HF)
my
(22)

where the harmonic functioH ¢ is given by Eq.(11) or Eq.

(12). By further using the expression for the angular momen
tum J; in Eq. (19), one obtains the following kinetic relation

for the radial motion of the probe:

1 .
Ezszx2+V(x);

14 —H
B 2m; " Jf 1
V(X)_E 1- 2 2me2 E 2
f f
(23)

So, the radial motiorfalong thex direction of the probe is
that of the test particle with mass; moving in a velocity-
independent central force potenti{x).

In the partially localized case, the effective potentigk)
is explicitly given by

bn
1 20eTaq,™

V(X)=E| 1—-

n 2
(x“+4Qp2)"

Jf 1
2me2

(24)

n 2
1+ (x2+ 4sz)”;2)

whereb is the characteristic scale given by

b:<E_QF

My

1/n
, (25)
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wheren=6 [n=7] for p<5 [p=5].

The dynamics of the probe fundamental string along the
radial directionx can be studied by analyzing an effective
velocity-dependent central force potentiflx) in Eq. (23).

In the “delocalized” source background with the harmonic
function Hg in Eq. (12) being independent of the radial co-
ordinatex, the dynamics of the probe fundamental string in
the world volume space of thedbrane is trivial: the only
force on the probe is the repulsive centrifugal force due to
nonzero angular momentud) of the probe. However, with
the partially localized source background, one can study non-
trivial dynamics of the probe fundamental string since the
source fundamental string is now localized on the source
Dp-brane and therefore the effective potenddlx) in Eq.

(24) has explicit dependence on

At large distancex>b from the source fundamental
string, the effective potential in E¢24) takes the following
form:

2 2
EQe
2my(X°+4Q,2)™? " 2myx?’

(26)

Vysb—

So, the motion of the probe fundamental string is qualita-
tively similar to the motion in the background of the source
fundamental string only, except that the strength of the re-

pulsive potentia[the first term in Eq(26)] is decreased due
to the presence of the sourceprane. This contribution
from the source P-brane gets enhanced for the larger
Dp-brane charg®, and at larger distancefrom the source
Dp-brane. However, the centrifugal potentidhe second
term) remains the same regardless of the presence of the
source [p-brane.

At short distancex<b from the source fundamental string
and very close to the sourcepEbrane << bZ/Qp), the ef-
fective potential is approximated to

Y E— oo (x2+4Qy2)™
x<b, z<b2/Qp_’ 2QF( Qp

mJf (x2+4Q,z)"
2E%Q2 x?

(27)

The (energyE independentrepulsive potential term is en-
hanced again due to the presence of the soupdiane: for
largerQ, andz, the repulsive force becomes stronger. Unlike
the case of the long distance region, the probe fundamental
string now feels the effect of the sourcegpdrane on the
centrifugal potential when the probe fundamental string gets
very close to the source.

We now discuss the motion of the probe fundamental
string in the source background. The turning points, where
the radial velocityx of the probe becomes zero, are located
at the values ok whereE=V(x) [cf. Eqg.(23)] and therefore
are the roots of the following equation:

b" b2

Y 20eraq™ 28)
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whereb is given in Eq.(25), b, =J;/y2m:E and againn o

=6 [n=7]for p<5 [p=5]. This equation always has one Ap=—H, X=H; H:; == (3D

positive rootx for nonzero angular momentudy of the o=

probe. And wher);=0, there is no rook for this equation.

Furthermore, the radial forc&(x)=—dV(x)/dx on the i - -

probe diverges ag—0, whenJ;#0. On the other hand, world volume coordinates*) =(7,07) andx, is the loca-

when the angular momentudj is zero, the force vanishes at tion of a bion with the electric chargg, in the world volume

x=0. So, the motion of the probe fundamental string can b&Pace. _ _ _ _

summarized as follows. When the probe has nonzero angular Since we are interested in the low velocity dynamics of

momentum, the probe will always be scattered away when ilplon:_s, it is sufficient to con§|der the following linearized ap-

reaches the source fundamental string. When the probe hRE0ximation to the DBI actiort30):

no angular momentum, it will eventually be absorbed by the

source. SDBI%_f drls
In the following, we compare the dynamics of the bions, 2

which was previously studied in Refsl3—-15, to the dy-

namics of the probe fundamental string along the world vol- _ Ej dP+ 1o

ume direction of the D-brane studied in the above para- 2

graphs. It is natural to expect that these two systems have the ) . ) )

same dynamics, since the bions in the+1)-dimensional Where in the second line only one scakuassociated with

DBI theory are interpreted as the ends of fundamental string_@e longitudinal direction of the attached fundamental string

on the Dp-brane in the very weak string coupling limigg IS kept. _ _

—0). Namely, the motion of the ends of the fundamental TO study the dynamics of the bions, we allow the loca-

strings on the D-brane along the D-brane world volume ditions of the bions to change with time, i.e=xX(7). So,

rection is essentially the motion of the bions. However, asy, =dx.(7)/dr is the velocity of thekth bion with the elec-
we shall see in the following, our description of dynamics oftric chargeq, . One has to also add the following source term

the probe fundamental string studied in the above is too sims_ . for the BI U(1) field A, and scalar fieldX, and the
plified to reproduce the dynamics of the world volume soli-free termsS;,,, for the bions:

tons, i.e., bions.
In the following, we summarize the dynamics of the
bions, studied in Refd13—185, for the purpose of compar-  Ssource= (2= P)Qp-1> f dr
ing the dynamics of bions to the dynamics of the probe and “
for the purpose of fixing the notations. The

where (;'=(0'1, ...,0oP) is the spatial components of the

1
S’ 9, X", X"+ > FuF*

1
73, Xd,X+ S, FA

SFLFS (32

X}
QX V1-vi+ A~

(p+1)-dimensional DBI action has the following form: Siree= _Ek: f drmy(e)V1—vi, (33
/2 - -
_ p+1 [ M YN where Q,_,=27P“/I"(p/2) is the volume of the unit
Sosi fd o/~ det NG X0 X F ), —1)-sphereSP~! and my(€) is the “regularized” mass of

(290 thekth bion. Here is the cutoff for the radial distance from

the bions, i.e., we restrict ourselves to the regjon-x,|
where nyy (M,N=0,1,...,9) is the metric for the =e. Then,m,(e) corresponds to the mass of the fundamen-
Minkowskian target space an&,,=d,A,—d,A, (u,v  tal string whose length is truncated due to the regularization
=0,1, ... p) is the field strength of the world volumg(1)  [11]. The source term can be interpreted as being related to
gauge fieldA ,. In the “static” gauge, in which the world the bulk supergravity configuration. Namely, th@-brane,
volume coordinatesr* are identified with the target space whose shape in thex(X) plane is given byX(x), is the
coordinates as o*=X* [(XM)=(X#*X™ with m=p  source of the first term iBso,ce and the end of the funda-
+1,...,9], the DBlaction(29) takes the following form: mental string on the P-brane is the source of the world
volumeU(1) gauge fieldA, (the second term S, cede-
scribes such couplingS;ee is the action for the bions with
SpgI= — f dP* oy —del(n,,+d,X"9,X"+F,,). massesn(e).
Note, since the bions, which carry electric charges, have
(30) nonzero velocities, the magnetic field is induced and the ve-
locity dependent force will also be induced. To study such
The ends of the fundamental strings on the-Brane and other effects on the bion dynamics due to nonzero ve-
world volume correspond to the bions which carry the elecdocities, one perturbs the fields around the static configura-
tric charge of the world volumé(1) gauge fieldA,. One  tion (31). Then, one substitutes the perturbed fields, which
scalar, sayX:=XP*1 associated with the longitudinal direc- satisfy the equations of motion to the ord@v?) in the
tion of the fundamental string in the target space is nonvelocity v of the bions, into the actiorS=Spg+ Sqoyrce
trivial. In general, the bion solution has the following form + Sy in order to obtain the following on-shell effective ac-
[11,12: tion for the bions to the ordeP(v?) [13-15:
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p—2 5 velocity (vj~0), the energyE of the probe fundamental
S~ prlf dr] ; My(€)Vi+(P—=2)Qp-1 string in Eq.(20) is expanded in powers of the velocity as
- - 1 3mQpv! 5m;Q2v?
Vi—vi|? E= = mwi+ RV v
XkZI quW , (34 2meII 8(x2+ 4sz)n/2 16(X2+4sz)” )
k |

(39

for large separationisc,—x;|>0 for bions.
The system of the probe fundamental strimgth the ac-
tion (6)] moving in the source background, given by E2).

and, therefore, to the leading ordenip, the velocity depen-
dent potential on the probe is

with Eq. (5), is the bulk counterpart to the dynamic system of _ C">meFVﬁ1
two bions in the p+1)-dimensional DBI theory. In this Veit~ 8(x2+4sz)”77' (39

case, the indicek andl in Egs.(31) and(34) run from 1 to

2. We let the firs{second bion correspond to the proljthe This expression for the effective potential on the probe
sourcd fundamental string. This is a two-body system underfundamental string has different dependence on the velocity
a central force. Such system can be reduced to an equivalenf and the radial coordinatefrom the effective potential on

one-body system by replacing the positiohsandiz of the
bions by their center-of-mass positionR= (mlil
+mMyX,)/(mM;+m,) and relative positiom=x; —x,. The ac-

the light bion given in Eq(37). In addition, one also finds
disagreement of the probe moduli metric, which describes
the geodesic motion of the probe fundamental string, with
the moduli metric(36) of bions, as we see in the following.

tion (34) then transforms to the following form: In the limit of very small probe velocity\(~0 andv,

v2 ~0), the on-shell actiorf9) is approximated to
MV?2+ 24 (p=2)Q %
MV (p ) p*l rp—2 ’

p—2
S~ TQp,lf dr

1
35 s~§mff dr(vi+Huv?), (40)
where M=m, +m, is the tgtal massp=m;my/M is th? to the lowest order in the velocities. The vanishing of the
reduced massy=[dR/dr] is the center-of-mass velocity, gtatic potential in this on-shell action is in accordance with
andv=|dr/d7| is the relative velocity. Thus the motion of the fact that we are considering a BPS configuration. From
bions is described by the geodesic motion in the modulthe definitions of the probe fundamental string velocities
space with the following metric: (10), one can see that the moduli metric of the probe funda-
mental string is given by
did2| >

dshs=MdR%+| p+(p—2)Q,_ 15— |dr2.

rP- 2 (36)

dsf=dxdx +Hpdzdz. (41)

As expected, the center-of-mass moves freely but the relativéhis moduli metric implies that the probe moves freely along
motion of the bions is under the influence of a velocity de-the world volume directions of the @brane, whereas the
pendent central potential. Since the source fundamentanoduli metric(36) for the bions describes the motion under
string is assumed to be much heavier than the probe fundhe influence of the velocity dependent central potential.
mental string, the second bion is much heavier than the first This disagreement may be traced from the following fac-
bion, i.e.,m;<m,. Then, the action35) in the center-of- tors. First, in calculating the effective action for the probe
mass coordinate systerv & 0) is approximated fundamental string, we assumed that the field configurations
are static, uninfluenced by the moving probe fundamental

p—2 Qu0v2 string. As was done originally in Ref§16—20, when one
S~ Tﬂp_lf dr m1v§+(p—2)Qp_1%}, studies the motion of collection of interacting solitdirsthe
r low-velocity limit), which is described by the geodesic mo-

(37

tion in the moduli space, one usually takes into account the
. . . . . erturbation(in a slow-motion expansionof the original
which describes dynamics of the first bion in the backgroun tatic fields due to nonzero velocities of the solitons. This is

of the second bion, which is fixed in space. : : : . :
In order to compare the above result for the bion dynam_properly done in the case of the interaction of bions in the

ics to the bulk theory result, one has to obtain the velocit above, but not in the case of the probe fundamental string

. ymoving in the source background. Namely, in the source-
dependen'; poFentlaI from the en_er_;E,yof the probe funda- probe method, one assumes that the source is much heavier
mental string in Eq(20). In the limit of very small probe

than the probe and therefore the source is uninfluenced by
the probe. On the other hand, in the case of bion dynamics,
first we assumed that all the bions have comparable mass
3When m;<m,, the quantities in the center-of-mass frame are(therefore, the field produced by one bion is influenced by
approximated asx,=[m,/(m;+m,)]r~r and u=m;m,/(m;  those of other bionsand at the end we let one of the bions
+my)~m;. be much heavier than the others. Second, the supergravity
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background?2) in which the probe fundamental string moves wheren=6 [n=7] for p<5 [p=5], and
corresponds to the configuration where the sourpebiane )
is delocalized along the longitudinal directig¢tihe y direc- mepr%ﬂ

tion) of the source fundamental string. On the other hand, as Ji= T

for the bion solution in Eq(31), the location of the P-brane A [, QpQrvi

along the longitudinal direction of the fundamental string is z12-2p

specified by the scalaf. So, although the partially localized

supergravity solutiori2) has all the parameters of the bions, m;z®~P 1

i.e., the charges and the locations of the bions, it still lacks E= -1

one special feature of the bion solution that a scAlaf the Qr QpQFVf

bion solution specifies the location or the shape of the - W

Dp-brane along the longitudinal direction of the fundamental (44)
string. In the fully localized supergravity solution, one would

expect to see the shape of th@-brane pulled by the fun- for the delocalized case.

damental string, just like the case of the bion solution. In the From the above expression for the eneEgygf the probe
case of the configurations describing one type of branégndamental string, one obtains the following kinetic rela-
within the world volume of another type of brane, we will tion:

not encounter this problem, since there is no relative trans-

verse direction that is delocalized. If one properly takes into 1+ iH
i it mi - 1 1 2m; F
account the above observations, it might be possible to rex_ 2 _ _ f
. . L X =-mvi+W(z), W(2)=E| 1- —+———5 |,
produce the moduli metric for the bion interaction by study- 2 Hp E
ing probe fundamental string moving in the source back- 1+EHF
ground of the fundamental strings ending on the-lwane. (45)
where the harmonic functiotd: andH, are given in Egs.
B. The motion of the probe fundamental string (11) and (12). Further using the expression for the angular
in the overall transverse space momentumJ, in Eq. (42), one obtains the following kinetic

relation for the radial motion of the probe:
In this subsection, we study the dynamics of the probe
fundamental string whose motion is restricted to the overall E= 1 m 22+ V(2)
transverse space. In this casg=0 and the coordinate is ’
constant in time. Generally, the angular momentlmnin the
overall transverse space and the endegyf the probe fun-

damental string have the following forms: 1 2_meF
V(z)=E| 1-—+——>
Mol Sy
mep220l mg 1 ms F
J=———", E=—|———-1|.
VI-H Hev? He| V1—H Hev? J2 1
(42) + 2me222 E 2 (46)
Tl 1+ —He
mg
So, the explicit expressions for the angular momentum an@o, again the radial motiofalong thez direction of the
the energy are probe fundamental string is that of a test particle with mass
m; moving in an effective velocity-independent central force
. potentialV(z).
m;Q,z6, We notice the qualitative difference in the effective po-
J = I tential (therefore, the qualitative difference in the dynamics
\/ QpQrV1 of the probé between this case and the case of the dynamics
- 2(x2+ 4sz)n/2 in the relative transverse space of the source brane configu-

ration with the effective potential given in E(23). Namely,
whereas the effective potential for the dynamics in the world
volume direction of the source Bbrane is affected by the

B mf(X2+4QpZ)n/2 1 source [p-brane only through the Pbrane charge&, in
- Q- 0.0pv2 -1 the harmonic functiofd for the source fundamental string,
\/ _ pFTL in the case of the dynamics in the directions transverse to the
z(x2+4sz)”/2 Dp-brane the effective potential explicitly depends on the

(43 harmonic functionH, of the Dp-brane. This is expected
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from the fact that our supergravity field backgrou@j for 3EQ:

the source is delocalized along the longitudinal direction of Vz>b—>E[1_ Q_( 1-55 X2+4Q Z)n/z”

the fundamental string: the probe fundamental string will P f P

feel the uniform force field of the same strengfitoduced Jf 2EQ-

by the source P-brane as it moves along the [Bbrane tom 2|1 m@rag. ™) (53)

world volume direction. However, the sourcerane is in <p f P

fact pulled by the source fundamental string and therefore . o partially localized case, and

the probe fundamental string will feel the varying force field

of the source P-brane and ultimately hit the pbrane as it Z6-p 3EQ:

moves towards the source fundamental string along the Vs p—E|[1— o (1— om 26"”

Dp-brane world volume direction. This force on the probe P f

fundamental string due to the source-Brane is the bulk szlo—zp 2EQ:

counterpart to the force on the bion due to the scalar charge + 2mQ2 ( - mfzep), (52
p

of X in Eq. (31). This is one of the reasons for the mismatch
of the probe dynamics in thebrane world volume direc-
tion and the bion dynamics, as pointed out in the previou
section.

For the partially localized case, the effective potential in
the core region is explicitly given by

for the delocalized case. Due to the presence of the
?Dp—brane, the usual repulsive potential of the source funda-
mental string(the part of the potential which is independent
of J,) gets an additional potential contribution from the
source p-brane. In the delocalized cafgq. (52)], the re-

(Q,b)"2 pulsive force due to the probe fundamental string is com-
1+ —2p—n,§ pletely “screened” by the source pbrane and the probe
V(z)= 1= 2(X +4QF;22) , feels the repulsive force due to thefrane, only. However,
Qp (Qpb)" when the source fundamental string is localized at the source
1+ (><?+4sz)“72 Dp-brane, the probe feels some repulsive contribution in the
effective potential which signals existence of the source fun-
JE 1 damental string. Th@epulsive centrifugal potential , de-
+ 2me2 (Qpb)“’2 2> (47) pendent termon the probe is again suppressed due to the
P ( 1+ mﬁ) presence of the P-brane and is not repulsive anymof&he
P term J3/(2m¢H?2z%) in Eq. (46) becomes a standard centrifu-
where the characteristic scaiehas the following form: gal potential term, if the source fbrane is absent, i.e.,
H,=1.] In the case of the partially localized case, this term
EQe \2N does not give rise to the force on the prolignoring the
b:(Wﬁ , (48 subleadingQr dependent terim However, when the source
p

fundamental string is delocalized, the probe still feeld a
dependent attractive fordéo the leading order, ignoring the

and for the delocalized case, subleadingQ,. dependent terin

p6—P At short distance<b from the source P-brane and very
,6-p 1+ 555°P qlose to th(_a source fundamental stringg(yQpb), the effec-
V(z)=E| 1— ) 5P tive potential is approximated to
p
e p> % LE- z(x*+4Q,z)"?
J2710-20 1 z<b, x<,[Q,b 2Q,Qr P
+ ——, (49 2
2m;Q; b®~P\2 mgy N
I + == (X°+4 , 53
1+ ZG*p ZEZQ‘Z)Q'ZZ (X sz) ( )
where the characteristic scadds given by for the partially localized case, and
EQg| VP M L, M
= —— V . E_ 12 2p_|_ 22 4p 4
b ( ~ (50) 2<b— 2QpQFZ mz , (59

We now analyze the dynamics of the probe fundamentafor the delocalized case. The usudl (independentrepul-
string moving along the radial direction of the overall sive potential term due to the source fundamental string is
transverse space. The dynamics is nontrivial for both delosuppressed by the contribution from the sourge-tbane.
calized and partially localized cases. We study both of thes@gain, the repulsive centrifugal potential is completely sup-

cases and compare the differences. pressed and becomes attractive.
At large distancez>b from the source, the effective po- We now study the motion of the probe along the radial
tential V(z) in Eq. (46) takes the following form: directionz of the overall transverse space. The turning point
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z, where the radial velocity vanishes, of the probe’s motion on the probe along the radial direction i.e., F(2)

is given by the root of the following equation: =-—dV(z)/dz, is always positivgvanishe$ at z=0 when
- 5 x>0 [x=0] in the partially localized case. In the delocal-

1+ (Qpb)" :b_* E (55) ized case, the force always vanishegat0. So, the motion

2(x2+4sz)”;2 Qp 2z’ of the probe fundamental string along thelirection can be

o _ summarized as follows. In the partially localized case, away
whereb is given in Eq.(48) and b, =J, /y2mE. In the  from the source fundamental string>0), the probe funda-
delocalized case, the turning pointsatisfies the following  mental string will always bounce back as it approaches the

equation: source p-brane, but can be eventually absorbed by the
bs—P  p2 source p-brane when the probe approaches thetpane

1+ 555 = AP (56) inside of the world volume of the source fundamental string
2z Qp (x=0). In the delocalized case, the probe with=0 will

whereb is given in Eq.(50). In the partially localized case, aWays be absorbed by the source-brane. This seems to
there is always one turning point at positizevhenJ, #0, be .due to the fact that the source fgndamental sFrm.g is delo-
whereas there is no turning point for tie=0 case. In the calized on the sourceDbrane, i.e., is uniformly distributed
delocalized case, when the angular momentum is nonzer@Yer the world volume of the p-brane. When the probe has
there is(i) one turning point at positive for p<4, (i) one  honzero angular momentud , the probe will bounce back
turning point at positivez [no turning poini for a sufficiently ~ as it approaches thefdbrane for the following casesi) p
large[small] value ofJ, for p=4, and(iii) one turning point <4, (ii) the sufficiently large value of, with p=4, and(iii)
atz=b2/Q,—b/2 (b2>Q,b/2) for p=5, whereas there is b5 >Q,b/2 with p=5. Otherwise, the probe will always be
no turning point for thel, =0 case. Furthermore, the force absorbed by the source as it approaches thebiane.
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