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ABSTRACT: The cubic interaction vertex of light-cone string field theory in the plane-
wave background has a simple effective form when considering states with only bosonic
excitations. This simple effective interaction vertex is used in this paper to calculate the
three string interaction matrix elements for states of arbitrary bosonic excitation and these
results are used to examine certain decay modes on the mass-shell. It is shown that the
matrix elements of one string to two string decays involving only bosonic excitations will
vanish to all orders in 1/u on the mass-shell when the number of excitations on the initial
string is less than or equal to two, but in general will not vanish when the number of
excitations is greater than two. Also, a truncated calculation of the mass-shell matrix
elements for one string to three string decays of two excitation states is performed and
suggests that these matrix elements do not vanish on the mass-shell. There is, however, a
quantitative discrepancy between this last result and its (also non-vanishing) gauge theory
prediction from the BMN correspondence.
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1. Introduction

The recent discovery of a new maximally supersymmetric solution of type-IIB supergrav-
ity [l] has led to a series of interesting developments. Obtained by taking the Penrose limit
of AdSs x S°, this new solution is a gravitational plane-wave with Ramond-Ramond flux
given by

ds? = —4dzTde~ — pPxral (dm+)2 + dxpdz!, Fy1934 = Fise7s o< (1.1)

where I = 1,...,8. Using the light-cone GS formalism, type-1IB string theory in this
background was found to be free and exactly solvable [P}, B] despite the non-zero Ramond-
Ramond flux which makes IIB string theory in AdS5x S intractable. Applying the Penrose
limit allowed for the subsequent extension of the AdS/CFT correspondence to the plane-
wave background (which has become known as the BMN correspondence) by the authors
of []. The significance of the BMN correspondence is largely due to the fact that the exact
solvability enables both sides of the correspondence to be studied more explicitly than the
AdS/CFT correspondence. In order to incorporate string interactions in the plane-wave
background theory, the natural setting to be considered is a generalization of the Minkowski
space type-IIB light-cone gauge superstring field theory [[. The development of the string
field theory cubic interaction vertex for the plane-wave background was carried out in a
series of papers [f]-[[L]]] , while the extension of the BMN correspondence to the interacting
theory was initiated in [[[]-[[5] and formulated in [[L6], [[7]. In this paper, the string field
theory formalism will be used to calculate the interaction matrix elements of arbitrary
three string states with only bosonic excitations. These results will be used to consider

some properties of string decay modes on the mass-shell.



2. Matrix elements of bosonic excitations

Restricting to string states |¥) that have only bosonic excitations, the inner product of
these states with the (zero energy) fermionic vacuum |0); can be taken explicitly to leave
effective bosonic states ,(0|¥) = |¥),. When reducing to effective states in this manner,
the cubic interaction vertex |Hs) reduces to an effective bosonic interaction vertex having
the greatly simplified form [[§)!

|H3>a = UPEU« |0>a (21)
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where it is understood that light-cone momentum conservation in the form zg’zl a) =0
is imposed on the interaction vertex and that the cubic interaction here enters the full
hamiltonian with the effective string coupling go = 471'@20%95. The overall factor v is
a function of u, a(y), a(g), and ag) which is currently only known (by comparison with

gauge theory) to leading order for large 1 to be v(u, y) ~ 1. The Neumann coefficients N, N )
were found explicitly in [ and their 1/u expansions are provided in the The
three string bosonic vacuum |0), = [0(1))a|0(2))al03))a is defined such that a ]0 ya=0

r,5)

for all n. Notice that the definition of Ny(nn and the symmetry N, N S) =N, (s T) together
imply that N(T ) NET’S) = N}L,;};) for any m,n,r, s.

m,—n
Such a simplified interaction vertex makes it relatively easy to compute interactions
between arbitrary states of only bosonic excitations. It is clear from the form of the

interaction vertex that there must be an even number of total excitations in order to have

The BMN basis afr)n is exclusively used throughout this paper. The relationship between the BMN
basis and the standard oscillator basis is given by Oéfr)o = afr)o and Oéfr)n = %(a{r”n‘ — ie(n)afr)_w) for

>
e(:v)—{ 1 for >0

—1 for x<0.

n # 0, where for any =z € R,

Also, the Regge slope will be set to o’ = 2 in this paper.



a non-zero matrix element. Consider the three string state |A) and corresponding effective
bosonic state |A), with 2k total excitations (where k is any positive integer) given by

|A) = A |vac) (2.9)
[A) = Al0), (2.10)
2k
I
A= Ha(rj)mj (2.11)
J:

where |vac) = ]0)4]0); is the complete (bosonic and fermionic) three string vacuum. The
states must also satisfy the condition that a physical state |®,)) on the rt string satisfies,

which is [fl, f]

o0
> MmNy [By) =0 (2.12)
m=—o00
where N(;,, is the occupation number operator of the m* BMN mode on the 7" string

(not to be confused with the Neumann vectors Nﬁ;)) given by
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where ﬂ?:)m and ﬁ?r)m are the fermionic creation and annihilation operators in the BMN
basis. (Of course, the fermionic terms can be ignored in this paper since only bosonic
excitations are being considered.) Thus, for |A) to be a physical state the condition:
Z?il m;dsr; = 0 must be imposed upon it for s =1,2,3.

The interaction matrix element of the three string state |A) is

k
(AlHs) = o (A|Hs), = %@ S YA (2.14)
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The overall factor @ compensates for the fact that summing over the entire permutation

group So, overcounts the distinct terms. Alternatively, @ zoes% in this expression
may be replaced by > . given some G C Sy chosen such that |G| = (2k — 1)!! and
{{o(1),0(2)} - {o(2k — 1),0(2k)}} is a distinct combination of 2-subsets of the index set
{1,...,2k} for each o € G. When restricting this result to excitations along a R* subspace
of the plane-wave’s transverse R® directions, one can read off the Feynman rules obtained

in 9.



3. On-shell interactions

A peculiar property of this theory is that the three string bosonic interactions of physical
states with less that six total excitations are either zero, kinematically prohibited, or kine-
matically suppressed. The term ”kinematically suppressed” in this context is used to mean
that when the mass-shell condition is imposed on a particular interaction, the % expansion
of its matrix element vanishes to all orders. The free light-cone hamiltonian operator of

the r** string is
o0

1
Hypy = — Z WirymNrym (3.1)

) m=—oo

so the mass-shell condition p~ = Hs combined with conservation of p~ for a three string

interaction of the three string state |¥) can be expressed as

3

>yl
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For a clear example demonstrating kinematic suppression, consider the cubic interac-

tion of the three string state |¥Uy) = a?) g) g) o/T .[vac) where i, j are distinct

with IT"# = 1%/ = 1 and m,n > 0. The interaction matrlx element of this state is?

vop [(Wiym — WEn —(1,3) \?2 —(1,3 2
(ValH3) = — ( Cm | B )((me|)|n|> - (N(7|rr3|,f|n|) > (3.3)
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The mass-shell condition for this interaction is

n2 m2
211+ —==24/14+ ——= 3.5
\/ p? \/ p?y? (35)

+
% (3.6)

(3.4)

= y=

and imposing the mass-shell condition makes this matrix element vanish to all orders in
the 1/p expansion. Thus, all of the one string to two string decay modes are suppressed for
a string state with only two or less bosonic excitations. It is straightforward to show that
0-mode excitations on the 3 string only couple to 0-mode excitations on the 1 or 2 strings
and so adding 0-mode excitations to the above decay process will also produce decay modes
that are not allowed.

2The notation established in [Eh is used, where ~ indicates equality to all orders in the 1/u expansion,
i.e. omitted terms are of order e~ 2™#I*( ! The symbol ~ is be used to indicate leading order terms. Also,
without loss of generality, a normalization can be taken such that: a) =y, a@) =1 —y, and a3y = —1
where 0 < y < 1, and so this will be used where convenient. When this normalization is used v will be
written v(u, y).



In order to demonstrate that all three string interactions are not suppressed consider

the cubic interaction of the three string state |\IJ6>:ozﬁ)maﬁr)_mag)oag)na{;) |vac)

y iy (3) n
where 4, j, k are distinct with II% = I197 = IT** = 1 and m,n > 0. The matrix element for
this cubic interaction is
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so the only possibility that would allow this matrix element to vanish to all orders in 1/ is

Q

To leading order in 1/u this is

(Vg|H3) ~ —

(3.9)

Notice that

if y=c¢/2n for ¢ € Z* (i.e. when the overall sine or cosine term vanishes). The mass-shell
condition for this interaction is

n2 4n? m2
21+ S+ 1+ —F=2/1+ =55 +1
w 2 My
4m

2
— y g
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which to leading order for large p is y ~ m/n+/3. It is clear that the condition for kinematic

(3.11)

suppression of this interaction is inconsistent with the mass-shell condition, and so the decay
of the state |a 3)n g) ag)_%> into two strings is allowed. If fact, one can see from the
general form of the three string interactions that the most likely cause of matrix elements
vanishing (to all orders in 1/4) is the sine terms combined with mass-shell conditions such
as y = c1/con for c1,c9 € Z7". Since the mass-shell condition of decay processes need not
satisfy this condition on y in general, this demonstrates that kinematic supression is not a
generic property of the one string to two string decay modes.

Since the decay of one to two strings is kinematically suppressed for string states with
two excitations, it is of additional interest to determine whether this is also the case for
decays into more than two strings. Computing the full matrix elements of interactions
involving more than three strings is rather complicated, so instead the truncation scheme

of [R0O] will be employed here with the caveat that the result may not contain the entirety



of the leading order behavior. Specifically, the truncation that will be used is a restriction

of the intermediate string states to those with two excitations. The process that will be

ﬂ) ) to |aﬁ)maﬁ)_m;0(2);0(3)> where

i,j are distinct with II¥ = II'J = 1, m,n > 0, and zr:1 apy = 0 (with agy > 0 for
r=1, 2,3) This decay process has the mass-shell condition (/|| = m/n. Letting

considered here is the tree level decay from |az&

A== H , the truncated iterated Hj3 interation matrix element on the mass-shell is given

to all orders in 1/u by
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(2), and a(g) can take all values between 0 and
= aqy|. The following sum evaluation was used in obtaining the above result?
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where «s) represents the intermediate string momentum. Note that the evaluation of the

+

sum given above is valid off-shell, and that the term on the second line vanishes upon
imposing the mass-shell condition. Thus, the truncated matrix element is suppressed one
order in 1/u (compared to the naive leading order of 1/u expected for this term) by the
mass-shell condition, and so is not kinematically suppressed. While this suggests that the
decay process does not exhibit kinematic suppression and so should be an allowed decay
mode, the complete calculation is required for certainty. In fact, it is easy to see that the

3The sum is evaluated by writing sin (Wpﬂ) as 1 — (=1)P1 cos(mp(1 — QQEIi)), applying appro-

priate Sommerfeld-Watson transformations to the two resulting sums, and then using the fact that
_ Coth[‘rr,u,(a(5)7&(1))z]+coth[ﬂua(l)z] -
F[x]_( 2 ~ 1 for z > 0.




naive leading order behavior for intermediate string states with four bosonic excitations
is 1/p (i.e. this is what it would be if there are no cancellations that arise in evaluating
sums), which allows for the unlikely possibility of a miraculous cancellation that leads to
kinematic suppression. The main reason for using this particular truncation scheme is
that the restriction to intermediate string states with two bosonic excitations is thought
to correspond to the restriction to impurity conserving processes in the gauge theory side
of the BMN correspondence. Specifically, if this assumption were correct the leading order
truncated matrix element would be expected to match the corresponding single-triple trace
gauge theory results found in [R1], 3, R3. Defining y, = a(s)/la| and setting |ay| =1
(without loss of generality), the leading order term of the matrix element is

if gt if Jt . . ~
<Oé(4)n04(4)7n H3AH3 ‘a(l)ma(l)*m’ 0(2)’ 0(3)>truncated,massfshell o
(m+2) (n+m m . 9
o~ T6n,2 - Y2 <1 - y2> sin” (mnys2) . (3.14)

Dividing by the state normalization factor J./y1y2ys and explicitly inserting the factor of
% g5 to make contact with the gauge theory side of the BMN correspondence produces the
string field theory prediction of the single-triple matrix element on the mass-shell

2
=13 9 (m+2) (n4+m m ( _m_ ) in2
{P”?m} SFT  2m2Ju? 8m2p m n V2 ! n U2)on (mny2) - (3.15)

Comparing this result to the gauge theory single-triple matrix element found in Eqn (5.51)
of [R1] taken on the mass-shell

2
T [y T R
[F";m]GT_ 271'2J,u2\/ny2 1 — ~ Yz ) sin (mnys2) (3.16)

does not provide an exact match. This matching fails by a factor of @ (”*—m), and while
T2 m

the (M'Tm) and numerical factor could conceivably be compensated for by contributions
that were left out by the truncation, the extra 1/u (which can be attributed to the one
order of suppression that was found for the truncated matrix element on the mass-shell)
is problematic. A cursory analysis of the contribution from intermediate states with four
excitations suggests that the complete matrix element may still contain the appropriate
leading order behavior to provide match the gauge theory results and further confirm the
BMN correspondence. This would imply that the truncation is not appropriate for this
process and brings up the question of when it is valid to apply the truncation scheme. It
should also be mentioned that if the supersymmetry operator (4 is non-zero, there will be
an additional interaction £({Q2, @4} + {Q1,Q2}) that could potentially contribute to this
decay process.

4. Conclusion

The cubic interactions for an arbitrary number of bosonic excitations in the plane-wave
type-1IB string field theory computed in this paper provides a large class of string ampli-
tudes that can be analyzed. The results were used to compute a 3 — 241 excitation number



decay from one to two strings and show that it is not kinematically suppressed. It was also
demonstrated that the one to two string decays with bosonic excitations: ng — ni + ng
where nj +n9 = ng > 2 are in general allowed, whereas none of the one to two string decay
modes are allowed for ng < 2. Additionally, the matrix element of the one to three string
decay of two excitation states 2 — 2 + 0 + 0 was calculated using a truncation scheme
that restricted the intermediate virtual string to states with two bosonic excitations. This
decay was found not to be kinematically suppressed in this truncation, which suggests that
the decay mode is allowed, however a complete calculation of the matrix element is needed
to be certain. Since the BMN correspondence has already been confirmed to leading order
in 1/ in the three string interaction sector by comparing the pertinent string field theory
Feynman diagrams with their corresponding gauge theory Feynman diagrams [[9], the re-
maining interest in verifying the correspondence (to leading order in 1/p) is for interactions
of order g3 and higher in the string coupling. The failure of the attempt in this paper to
verify this correspondence in the one to three string sector using the truncated matrix ele-
ment provides further impetus for computing the complete matrix element of this process
and would indicate a deeper relation if the complete matrix element turns out to confirm
the correspondence.
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A. Neumann coefficients

For convenience, the 1/u expansion (to all orders) of the Neumann coefficients as found
in [L1] will be listed here. Using the notation

S = =1 = 92si @ (A 1)
(Hm = S@2m — 1, S$(3)ym = 481N Wma(g) .

the Neumann coefficients for m,n > 0 are

<) 1 (-1 )“’”*1 D gy | (Weym + pag) (@en + pag)

™2 ey + W(r)m(s)n e
(A.2)
S 1 (= 1)’"(’”+1 e amae| @em = paw) @en = raw)
T 2maem Wirymt(s)n (m> e
(A.3)
for m > 0, n =0 are
. _1\r(m+1)+s
NSZ’B) ~ (=1) \/ {a(r){ S(rym for s € {1,2} (A.4)
27 ) @(rym (Wrym + 1))



and for m =n = 0 are

e (DT
Nyoy ~ ——F—— for r,s € {1,2} (A.5)
T AT anag)
N((fb?’) ==/ for r € {1,2}. (A.6)
All other Neumann coefficients not related to these by the symmetry Nﬁ;’;) = NS’Q are
zero.
References

1] M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, A new mazximally
g
supersymmetric background of IIB superstring theory, J. High Energy Phys. 01 (2002) 047
lhep-th/0110247].

[2] R.R. Metsaev, Type IIB Green-Schwarz superstring in plane wave Ramond-Ramond
background, [Nucl. Phys. B 625 (2002) 70| [hep-th/0112044].

[3] R.R. Metsaev and A.A. Tseytlin, Ezactly solvable model of superstring in plane wave
Ramond-Ramond background, [Phys. Rev. D 65 (2002) 126004 [hep-th/0202109|.

[4] D. Berenstein, J.M. Maldacena and H. Nastase, Strings in flat space and pp waves from
N = 4 super Yang-Mills, |J. High Energy Phys. 04 (2002) 013 [hep-th/0202021].

[5] M.B. Green, J.H. Schwarz and L. Brink, Superfield theory of type-1I superstrings,

B 219 (1983) 431

[6] M. Spradlin and A. Volovich, Superstring interactions in a pp-wave background,

66 (2002) 086004 [hep-th/020414§].

[7] M. Spradlin and A. Volovich, Superstring interactions in a pp-wave background, II,

Energy Phys. 01 (2003) 03¢ [hep-th/0206073].

[8] J.H. Schwarz, Comments on superstring interactions in a plane-wave background,

Energy Phys. 09 (2002) 05§ [hep-th/0208179.

[9] A. Pankiewicz, More comments on superstring interactions in the pp-wave background, IZl

High Energy Phys. 09 (2002) 056 [hep-th/0208209].

[10] A. Pankiewicz and B. Stefanski Jr., pp-wave light-cone superstring field theory, Nucl. Phys. B

657 (2003) 7Y [hep-th/0210246].

[11] Y.-H. He, J.H. Schwarz, M. Spradlin and A. Volovich, Ezplicit formulas for Neumann
coefficients in the plane-wave geometry, |[Phys. Rev. D 67 (2003) 086005 [hep-th/021119g].

[12] C. Kristjansen, J. Plefka, G.W. Semenoff and M. Staudacher, A new double-scaling limit of
N = 4 super Yang-Mills theory and pp-wave strings, [Nucl. Phys. B 643 (2002) J
[hep-th/0205033.

[13] N.R. Constable et al., pp-wave string interactions from perturbative Yang-Mills theory, zl

High Energy Phys. 07 (2002) 017 [hep-th/0205089].

[14] N. Beisert, C. Kristjansen, J. Plefka, G.W. Semenoff and M. Staudacher, BMN correlators
and operator mizing in N = 4 super Yang-Mills theory, [Nucl. Phys. B 650 (2003) 125|
[hep-th/020817¢].



http://jhep.sissa.it/stdsearch?paper=01%282002%29047
http://xxx.lanl.gov/abs/hep-th/0110242
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB625%2C70
http://xxx.lanl.gov/abs/hep-th/0112044
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD65%2C126004
http://xxx.lanl.gov/abs/hep-th/0202109
http://jhep.sissa.it/stdsearch?paper=04%282002%29013
http://xxx.lanl.gov/abs/hep-th/0202021
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB219%2C437
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB219%2C437
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD66%2C086004
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD66%2C086004
http://xxx.lanl.gov/abs/hep-th/0204146
http://jhep.sissa.it/stdsearch?paper=01%282003%29036
http://jhep.sissa.it/stdsearch?paper=01%282003%29036
http://xxx.lanl.gov/abs/hep-th/0206073
http://jhep.sissa.it/stdsearch?paper=09%282002%29058
http://jhep.sissa.it/stdsearch?paper=09%282002%29058
http://xxx.lanl.gov/abs/hep-th/0208179
http://jhep.sissa.it/stdsearch?paper=09%282002%29056
http://jhep.sissa.it/stdsearch?paper=09%282002%29056
http://xxx.lanl.gov/abs/hep-th/0208209
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB657%2C79
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB657%2C79
http://xxx.lanl.gov/abs/hep-th/0210246
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD67%2C086005
http://xxx.lanl.gov/abs/hep-th/0211198
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB643%2C3
http://xxx.lanl.gov/abs/hep-th/0205033
http://jhep.sissa.it/stdsearch?paper=07%282002%29017
http://jhep.sissa.it/stdsearch?paper=07%282002%29017
http://xxx.lanl.gov/abs/hep-th/0205089
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB650%2C125
http://xxx.lanl.gov/abs/hep-th/0208178

[15] N.R. Constable, D.Z. Freedman, M. Headrick and S. Minwalla, Operator mizing and the
BMN correspondence, |J. High Energy Phys. 10 (2002) 06§ [hep-th/0209003].

[16] D.J. Gross, A. Mikhailov and R. Roiban, A calculation of the plane wave string hamiltonian
from N = 4 super-Yang-Mills theory, |J. High Energy Phys. 05 (2003) 025 [hep-th/0208231].

[17] J. Gomis, S. Moriyama and J.-W. Park, SYM description of SET hamiltonian in a pp-wave
background, |[Nucl. Phys. B 659 (2003) 179 [hep-th/0210153].

[18] J. Pearson, M. Spradlin, D. Vaman, H. Verlinde and A. Volovich, Tracing the string: BMN
correspondence at finite J*/N, |J. High Enerqy Phys. 05 (2003) 029 [hep-th/0210103].

[19] J. Gomis, S. Moriyama and J.-W. Park, SYM description of pp-wave string interactions:
singlet sector and arbitrary impurities, Nucl. Phys. B 665 (2003) 49 [hep-th/0301250].

[20] R. Roiban, M. Spradlin and A. Volovich, On light-cone SE'T contact terms in a plane wave,
|J. High Energy Phys. 10 (2003) 055 [hep-th/0211220].

[21] U. Gursoy, Predictions for pp-wave string amplitudes from perturbative SYM,

Phys. 10 (2003) 027] [hep-th/021211§].

[22] N. Beisert, C. Kristjansen, J. Plefka and M. Staudacher, BMN gauge theory as a quantum
mechanical system, |Phys. Lett. B 558 (2003) 229 [hep-th/0212269|.

[23] D.Z. Freedman and U. Gursoy, Instability and degeneracy in the BMN correspondence, IZl

High Enerqy Phys. 08 (2003) 027 [hep-th/0305016].

,10,


http://jhep.sissa.it/stdsearch?paper=10%282002%29068
http://xxx.lanl.gov/abs/hep-th/0209002
http://jhep.sissa.it/stdsearch?paper=05%282003%29025
http://xxx.lanl.gov/abs/hep-th/0208231
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB659%2C179
http://xxx.lanl.gov/abs/hep-th/0210153
http://jhep.sissa.it/stdsearch?paper=05%282003%29022
http://xxx.lanl.gov/abs/hep-th/0210102
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB665%2C49
http://xxx.lanl.gov/abs/hep-th/0301250
http://jhep.sissa.it/stdsearch?paper=10%282003%29055
http://xxx.lanl.gov/abs/hep-th/0211220
http://jhep.sissa.it/stdsearch?paper=10%282003%29027
http://jhep.sissa.it/stdsearch?paper=10%282003%29027
http://xxx.lanl.gov/abs/hep-th/0212118
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB558%2C229
http://xxx.lanl.gov/abs/hep-th/0212269
http://jhep.sissa.it/stdsearch?paper=08%282003%29027
http://jhep.sissa.it/stdsearch?paper=08%282003%29027
http://xxx.lanl.gov/abs/hep-th/0305016

