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We show a new class of embedding solutions of D5 brane, which wraps on S° in the AdS x S®
space-time and contains fundamental strings as U(1) flux to form a baryon vertex. This
configuration is regarded as a D5 — D5 bound state, and we propose this as a baryonium
state. We could also show their stability.

1 String Model

Quark confinement is well pictured by colored string confining quarks. The string has “orien-
tation” because, when the string is cut by pair creation of quarks, the sequence of ¢ and § is
unique. When we define the orientation by the direction toward a confined quark, there should
exist in the baryon a “singular point” from which the three strings emerge and where the three
colors are neutralized. This point is called “ junction” . In 1977 we proposed string junction
model[l] (abbreviated as SJM), and investigated the nature of baryon and baryonium shown
in Fig.1. The reason why they are so difficult to be observed was attributed to their complex
structure, in particular, to the nature of junction.
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Figure 1: Baryon and baryonium in the string-junction model.

We try to explain the baryon and baryonium states in the framework of AdS /QCD. @QThey
are expressed by D5(D5) brane in a 10D supergravity bavkground which is dual to a confining
gauge theory.

2 D5 brane in AdSs; x S° space

We derive baryon and baryonium states from the equations of motion by the action of D5-brane
which is embedded in a supersymmetric 10d background of type IIB theory. The background
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solution should be dual to confining gauge theory and we consider the following background,

7,2 R2
ds?, = e®/? (ﬁnwdx“dx” + T—zdr2 + RQng) . (1)
The dilaton ® and the axion y are given as
d _ q __—®

e —1+r—4, x=—-¢"+xo0, (2)

and with self-dual Ramond-Ramond field strength

5 r3
G(5) = dC(4) = 4R* (VOI(SO)dgl A...NdOs — ﬁdt A...ANdxg A d?") . (3)
The D5-brane action is thus written as by the Dirac-Born-Infeld (DBI) plus WZW term
Sps = —T5/d6£eq’\/— det (gab +Fab) +T5/d6£f1<1) ANGs) (4)
Jab = 0. X'"OWX"Gp Gay.as = O, XM 00 XPG s -

where F,, = 2na/Fy, and Ty = 1/(93(277)5136) is the brane tension. And G5y denotes the
induced five form field strength.
2.1 Baryon(D5 brane)

The D5 brane is embedded in the world volume £* = (¢,6,0 = 2,...0 = 5). Under the some
assumptions, we obtain an energy functional from the above action,

N ®/2 ] . .
U= o [ ds Vi i (R VD) )
V., (0) = D(v,0)* + sin® 6. (6)
Then, we obtain the following canonical equations of motion,
. : 2 201
Po= b b= iR f—g + 5 (V(0) ¢*0,0, (1)
0 = f—g , po = —6sin* O (mv — 0 + sinf cosh) e?, (8)
. R* )
T = JqPs Pr= 0 9)

Baryon is given by the classical solution with the boundary conditions[2],
r(0.) =re, 1(7) =rmaz, 1(0)=ro, xz(0.)=0.

3 Baryonium(D5-anti D5 brane)

Baryonium is obtained by the classical solution by the same equations as baryon with the
different boundary conditions,

0'(0) =0, O(£z.) = £m. We obtain the baryonium solutions numerically and calculate
their energies[3].
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3.1 Stability

In ordr to consider the fluctuations, we back to the action of D5 brane (4), and expand it with
respect to the fluctuations, o7(t,0) = r — 7,0z(t,0) = = — & and §A,(0,t) = A; — A, up to
their quadratic terms. Here 7, A;(f) and & are the solutions of the equations of motion. The
modified quadratic term is obtained as

- - B R* ) ryt 1 .
L(2) = A(Q)(ST'Q + % |:<7“_2 + .’E/2> (—(57"2 + (E) 357"/2> + 22'r' §x67
2 /2 ) ryt 1 /2 ryt 1 Iods s
-5 —) —5 — (=) =—22'7"62'5
+(r +r>< x+(R> Q(())x) (R) Q(O)wTﬂﬁ r
+Q)r'6r'6r + Q 2y’ 62’ o1 (10)

By assuming the following form for the fluctuations,
or(t,0) = et (0), 0x(t,0) = e“p,(0), (11)

we estimate the value of frequency w by solving the equations and obtain the stable regions(w? >
0) shown in Fig.2[4].

0.75

070 v=0.5

0.65- 3

0.60

0.55

058l 3 0.50

[ 1 o
056 7\\/\,\7
= ‘ od0b " —

l L I I I I
0.60 0.65 0.70 0.75 0.80 0.85 0.90

-h

Figure 2: The equi-w3 curves in (—h,rg) plane. The equi-U curves in parameter plane. The
lines express the border where the sign of w? changes. And a blob denotes U = Uy, point.
The results for v = 0.3(left) and v = 0.5(right) are shown.
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