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ABSTRACT: Motivated by arXiv:1203.5553, we continue to match super string amplitudes
with their own effective field theory. We carry out within full details the computations
of the complete form of the amplitude of one closed string Ramond-Ramond field and
three SYM vertex operators, namely one gauge field and two scalar fields in type IIB(A)
super string theories. Making use of the recent two gauge and two scalar couplings to all
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1 Introduction

D,-branes have been centering in String theory on both theoretical and phenomenological
approaches for a while. For diverse values of p (where p is spatial dimension of a D,-brane)
and also in both type IIA and IIB string theories, they have been known as the sources of
closed string Ramond-Ramond field [1-4].

By computing some of the couplings of D,-branes to closed string modes, some great
information have been obtained. We address various examples such as the Ads/CFT
correspondence, gauge theory and black holes. Concerning Ramond-Ramond couplings [5,
6], diverse phenomena such as [7, 8], realizing K-theory in terms of D-branes [9, 10] and
Myers effect [11-13] have been discovered.

In order to review string duality [14] is highly proposed. To observe information on
the world volume of a D,-brane and in particular to deal with both Dirac-Born-Infeld and
Chern-Simons effective actions we refer to [15-17] and all references therein. In order to
encounter the effective action only for a bosonic D,-brane, [18] should be highlighted. It
is widely understood that for multiple D,-branes, references [11, 13| are the main ones to
look for bosonic action.

In order to see super symmetric action, one might search about some special references
in [19] and [20-25].

Basically one has to emphasize the fact that the higher derivative corrections of stable
and unstable branes are not involved in those effective actions, namely the only way for



obtaining the closed form of all corrections is indeed scattering computations. To have
all corrections, recent attempts in detail have been carried out. Morever, to discover the
higher derivative corrections for stable branes, namely four field strengths’ corrections to
all orders in o/ [15] must be taken into account, also there we have shown that to o’* order
computations are indeed consistent with literature [26-28]. To achieve two gauge field and
two scalar fields ’ corrections again to all orders of o/, [29] is suggested. Finally a pattern
and a universal prescription for all BPS branes, including corrections to four covariant
derivative of scalar fields has been found in [30].

Although in this paper we are interested in finding new couplings of gauge/scalars in the
background of one closed string Ramond-Ramond field to all orders of o/, arguing effective
actions for stable branes, addressing some recent works for unstable branes, such as [31]
and [32] is highly recommended. In particular the effective action of brane-anti brane to all
orders of o/ for two gauge and two tachyons have been derived in [33]. Recently remarks on
the effective action of brane anti brane with all their o corrections in [34] have been made.
Note that we do not review Wess-Zumino effective action here, but in order to follow all
needed couplings, section 5 of [31] and references [5, 8] and [6] might be studied to pursue
them for different values of p and n, where n is the rank of the field strength of the closed
string Ramond-Ramond field.

Given several goals, involving dualities of Ads/CFT [35] and some exact relation be-
tween open and closed strings inside the Ads/CFT, examining new method for higher point
string amplitudes is indeed necessary.

Two extremely important facts which must be really highlighted are:

1) In order to find all new couplings/contact interactions to all orders of o’ one has to
have the complete form of the amplitudes. Note that the result of the amplitudes at
leading orders is not very useful as we comment it in detail in this paper.

2) Once we are dealing with open-closed amplitudes T-duality transformation is not very
effective and in fact direct computations of those amplitudes are inevitable. Even
we want to work out tree level amplitude, the appearance of closed string RR makes
the calculations so complicated. It is definitely realized that in loop computations
applying T-duality is really subtle [36]. For example in [30] we have shown that it is
not possible to derive < VoVyuVyVy > from < VeVaVuVy >. In particular we have
seen that the terms including momentum of closed string RR in transverse directions
p',p’ are not appeared in < VeVaVaVy >.

Now we address some of the motivations for the long computations of this paper.
The first is to realize the closed form of new Wess-Zumino couplings to all orders in o’.
It was argued in [31] that for the amplitudes including scalar fields and closed string
Ramond-Ramond field, field theory vertices must be obtained just by three different meth-
ods, basically either through Myers’ terms [11] or pull-back approach or Taylor expansion.
However in this paper within detail we will show that there are some new couplings which
do come from none of them. These new couplings for sure do not come from Myers’ terms
or Taylor expansion so this is a very strong evidence in favor of modifying pull-back (see
also [29, 30]).



The other motivation is to get more data to see whether or not essentially we can write
down the general form of DBI and Wess-Zumino effective actions. To check up to some
orders [37-39] may be useful to look at.

The third reason for including < VoV V,Vy > is indeed its direct relation to dielectric
effect. As an example N3 entropy of M5 branes was expressed in terms of dielectric effect
n [40], for the other applications and for various configurations in M-theory see [41, 42].
Definitely the results of this paper on new couplings will provide fundamental steps for
future outcomes such as all orders dielectric effect and various research topics on world
volume dynamics of branes [35].

Two remarkable issues have been addressed. The first one is related to taking integrals
for five point open-closed strings [43] in which for the first time has been applied in [33]
and we were able to find several new couplings in the world volume of brane- anti brane
systems. The second important fact is related to Wick-like formula [44]. Making use of this
formula and by generalizing that in [15], we can now simply derive the correlation function
between two spin operators in the presence of several currents and fermion fields. To deal
with the integrations on some higher point functions, we suggest [45].

Dielectric effect does have various applications such as resolving some singularities in
Ads/CFT by making use of closed string RR field to actually polarize Ds-brane (more
details can be seen in [46-48]). The importance of this effect inside M-theory is argued
in [49, 50], even it is more discussed in stabilizing the sources of RR in some particular
backgrounds [51] relating to Wess-Zumino-Witten model, Ads,, x S™, fuzzy gravitons in
some space-time [52, 53] or in terms of their gravity duals [54].

Given these applications, we are going to explore all new couplings between one closed
string Ramond-Ramond field (C) and some SYM vertex operators, namely three open
strings (basically two scalars and one gauge field) in the IIB(A) super string theories. This
< VeVaVyVy > was introduced in [55] and in that paper making use of hyper geometric
function the authors just were able to find the first simple pole of the amplitude, however,
the complete form of the amplitude is unknown which we are going to find it out. Apart
from that the authors in [55] have produced just the first scalar t-channel and the first
gauge (s + t + u)-channel pole.

Using new techniques for five point amplitudes ( see appendix B of [31]) and making
use of Wick-like formula we find the complete form of the amplitude of < VeVaVyVy >.
In addition to obtaining several new couplings to all orders of o/ which we will address in
detail, we are going to show that the amplitude not only has gauge u-channel pole but also
it has infinite u-channel poles which have been overlooked in [55] and could not be derived
there because of not having the complete form of the amplitude.

Also, making use of the all order two gauge two scalar couplings that appeared in the
very recent paper [29], we will find out the infinite gauge (¢ + s + u)-channel poles and
infinite scalar (¢, s)-channel poles as well.

Then we go on further and discover several new couplings for p + 2 = n case. In
particular by applying direct S-matrix computations and discovering the complete and
closed form of the correlators of < VoVaVyVy > we derive all new interactions to all orders
in o for p—2 =n,p=n cases as well.



2 Complete form of the C A¢p¢p amplitude to all orders of o’

Here we are going to explore the S-matrix elements of another physically 4-point and
technically 5-point function. Namely we do want to investigate in detail the amplitude of
3 BPS branes (2 scalar and one gauge fields) and one closed string RR field. Motivation
for computing such a long computation is indeed checking all infinite couplings two gauge
and two scalar fields which are recently discovered [29] and also trying to figure out how
one can reproduce all infinite massless gauge and scalar fields for different values of p and
n.To compute a S-matrix element, one should clarify the picture of the vertex operators
in an appropriate way. It would be nice to refer to some new works on BPS branes [29,
30] and [56].

Note that since we are looking for < Vo V4Vy,Vy > some parts of the calculations
are shared with [15, 29, 55] but definitely all of the contact terms at all orders are new
results and different from the previous results. It is important to highlight the following
point. Due to C-field, it is not possible to obtain all contact terms of this paper from
< VeVaVaVy > by applying T-duality transformation, because we will observe here that
all the terms involving p’, p’ are not present in < VeVaVaVy >.

We must use the vertex operators according to the fact that for the disk level ampli-
tudes (which we are dealing with) total charge has to be -2.

Taking into account super ghost charges, we may write down the amplitude of one
gauge, two open scalar fields and one closed string RR in terms of some kinds of spe-
cial correlators

_3 _1
ACADS / deydesdrzdzdz (VO @)V @)V (@3)Vig? "2 (z,2), (21)

Since we are performing disk level amplitudes, all open strings must be put on the
boundary of disk rather, RR has to be replaced in the middle of disk.
Depending on the various picture of the strings, One should pick up the following

vertex operators. The vertex operators are known as’

V¢SO) () =& <3Xi(3:) + a’iq-ww(;p))ea’iQ-X(w)’
Vf(lo) (x) =&, (aX“(m) + a’ik.wwa(x)>ea’ik.X(x),
V1§72)($) _ 672@5@)‘/}10)(3:),

Vi () = Gy (y)e ?W e B X0,

1 1

Vlg};@—é) (2,2) = (P_H(n)Mp)a5€_¢(z)/25’a(z)ei%p-X(z)e—(j)(é)/QSﬁ(Z)ei%p‘D.X(g),
31 o ; o _
Va2 7 (2,2) = (P_@ ) My)*Pe¥O)2G, (2)ci 5P X ) em0(0)/25,(2)ci TP DX () (2.9)
q, k are scalar field and gauge field ’s momenta which do satisfy the following conditions

k* = ¢*> = 0 and k;.§; = 0. The definitions of projector and field strength of RR are
a 1
Hy = T Hyy /A Po= S (1= A1)

'In string calculations, we used to set o/ = 2.




n is odd/even number for type IIB/ITA theory. To see more notation [15] is recommended.
The simplest way to do this computation is as follows

_1_ 1
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Making use of the standard correlators for X*, ¢, ¢ as follows

(X)X (w)) = ~ S log(z — w),

/

(W) (w) = =S (e —w) ™,
(@(=)6(w)) = —log(= — w) . (2.4)

also introducing x4 = z =z + iy , r5 = Z = x — iy, the final form of the amplitude with
just taking Tr (A1 A2A3) ordering and with the closed form of the correlators reaches to

ACA®S /d$1d$2d$3d$4dl'5 (P_H(n)Mp)“5§1a52i§3j96251/4(90143715)_1/2
X(Il + Iy + I3 —|—I4)TI‘ ()\1)\2)\3), (25)

where z;; = z; — x;. Having taken Wick theorem, one gets the correlators as

L =< etk X (21) 8Xi(:132)6a/ik2'x(’”2) :8Xj(x3)ealik3'X(x3) :ei%lp'X(“) :ei%/p'D'X(“s) >
X <: Sa(xa) : Sp(as) - P (x1) >,

Iy = <: eo/ik’l.X(:c1) : ea’ikQ.X(xz) :6Xj(x3)ea’ik3.X(x3) :ei%lp-X(m) :ei%/p-DAX(Q%) >
x<: So(x4) 1 Splws) =2 (1) : ikgapip’ (z2) >,

13 = < 6a’ik1.X(w1) . aXi(xQ)ea’ikg.X(zg) . 6a'ik3.X($3) :6i%/p.X(a?4) :ei%lp.D.X($5) >
X< Sa(a:4) : SB(SC5) b ¢a(x1) : a/ikg.lbl/}j(xg) >,

X . ) o o
o’ik1. X (z1) : ea’le.X(:pg) : ea’zkg.X(mg) :ez%p-X(m;) :ez%p-D-X(mg,) -~

X< Sa(.l‘4) : Sﬁ(lﬁ) : w“(xl) : a'ik2-¢¢i(x2) : a/ik3-¢¢j($3) > (2.6)

Iy =< e

Needless to remind that the following correlation has been achieved by working out the
generalized form of Wick-like [15]

Igba = <: Sq(xq) - Splxs) P (x1) wbwi(:@) >
I [ o' Relziaxos] ( ap i1
= {(F C™ap + ot < n*('C )aﬁ)}

273202 (24295) " (w14115) /2. (2.7)



Having used the arguments mentioned in [15], the following correlator can be easily gained:

Igciba = <: So(24) : Splxs) = () : P (w2) = P4 (3) >

_ {(chibac—l)aﬁ bl Re[r14295] L a/mRe[wle’»s] n a/rgRe[@M%]

XL12T45 L13T45 L2345
Re|xosx 2 Re|riax Re|roax
+(o/2)r4< (224 35]) +(o/2)r5< [14225] y (224 35]> (2.8)
T23%45 T12%45 T23%45
Relr14735| Re|x24735 _5/2 5/4 - -
+(O/2)7’6< [ | Rel ] 2 5/2$4é (T24295734235) "L (T14215) "2,
L13T45 X23T45

where

nab Fgczc ) )

7% Fﬂbc N )

) (€ as )
ab z] 1) )7
((n“cn”)(v Cas). (2.9)

(-
(
=@WW% a+wwm0>)
= (-
5= (o

Having regarded all those correlators in our amplitude, we find the closed form of these
S-matrix elements as:

.ACA¢¢N/ dxldx2d$3d$4d.%'5(P_H(n)Mp)aﬁfflafgifgj(l}Z;M(x14x15)_1/2 (2.10)

X (I?(—Uiszg +a a2) + a1a3 + a2a4 — o k2b/€3cfjm a>T1" (A1 A2A3),

where IgCiba is given in (2.8) and
I = |x12’a/2k1-k2’x13’a/2k1-k3’x14x15|%ﬁkl.p|m23|a/2k2.k3 v
2 2 2
X |woatos)| T 2P| xaymas| T K8 P g5 TP
j . 5 Th4

aj = ip’ :

T34X35

ab = ip’ 54 7

X24225

az’ = ik bI’ba,

a) = oikz.27%/? 1‘4é (z34235) (2 14215) "2

. 'R .
X{(FJC“C_l)aﬁ | oRelwraza) ( - n“CWC"l)aﬁ) }

L1345

I¢ = <: So(wa) : Splas) s (1) :>= 27203 (w14205) 2 (12°C Vap. (211)



Now we are ready to show that the amplitude is written such that SL(2, R) transforma-
tion holds.

We apply a special gauge fixing which is different from the ones that appeared in [55],
that is why we can find out the general form of the amplitude. Basically we just fixed the
positions of all three massless open strings in (0,1,00) and carry out all integrations by
making use of the integrals obtained in [31]. The other fact which has been widely used is
indeed introducing the following Mandelstam variables

/ / /

s=—Slhi+k)?  t=-T(h+k)  u=—T(ktk)”
Eventually we try to find out the final form of the amplitude (2.10) as
ACAPS = A+ Ay + As + A + As + A + Az + As + Ag + Ay (2.12)

where

Ay~ =272 6065 [kgckaTr (P_H () MpT9¢%) — oy T (P H () M, T

—k3ep Tr (P—H () Mp??) + p'p Tr (P H () Mpy®) | L1,

Ag ~ 27 1/2{ — 281.koksc€3i62iTr (P-H () M, F]CZ)}L
Az ~ 27 /z{fla&zfsffr P_H, Mpfjm)}Lm
{

Ay ~ 2723 2ks €1 kopéa€0iTr (P () Fﬂb)}L

As ~ 272 283, Eokaksc1 Tr (P H (ML) } Ls

Ag ~ 21/2L2{pj51-k2§2i€3jTr (P—H(n)Mp’Yi)}

A7 ~ _2_1/2L3{2k3-§1pi£3j52iTr (P—H(n)Mij)}

As ~ 22 Lg{ 2y £k e (P H () M) (—562.3) }.

Ag ~ 21/2L6{2k3-€17€2bTr (P—H(n)MpYb)(—tfz-ﬁa)}

Arg ~ 22 Le{ €14 Tx (P () My ) (t563.62) | (2.13)

where the functions L1, Lo, Loo, L3, L5, Lg are appeared in the following

2(t+s+u)+lﬂ_r(_u + (s + $)I(—t+ )0 (—t —s —u+1)
MN—u—t+1)I(—t—s+ 1) (—s—u+1) ’

D(—u+ DI(=s+ I(=)T(—t —s—u+3)
N(—u—t+1)I'(-t—s+1DI'(—-s—u+1)

Atpstu) DU+ DI(s + DI+ DO(t—s —u+ 2

MN—u—t+DI(—t—s+1I(-s—u+1)

I(—u+ DI (=s)0(—t 4+ )0(—t — s —u + 3)

MN—u—t+1)I(—t—s+1)(-s—u+1) "’

Ly =(2)”

Ly = (2)72(t+s+u)ﬂ_

Loy = (2)7

L3 = (2)72(t+s+u)ﬂ,



D(—u)D(—=s+ DI(—t+ DI(—t — s —u+3)
IMN~u—t+1)(~t—s+1)'(-s—u+1)"’
—2(t+s+u)—1ﬂ_r(_u + %)F(_S + %>F<—t + %)F(—t — 5 — u)

Ls = (2)—2(t+s+u)ﬂ_

Lg = (2 2.14
6= (2) F(—u—t+)I(~t—s+ )I(—s—u+1) (2.14)

We could actually simplify the final result more as follows:
.ACA(M5 = A + Ay + A3 + Ay, (2-15)

where

Ay ~ 2712481 ,60i655(t+ s +u) L) [ksckaTr (P—H () MpTI®) — oo p? T (P H () MpI'™?)
e T (P H () ML) + p'pI T (P o My7)|

Ay ~ 2‘1/2L’2{ — Quséy koaikelay Tr (P H () MTI%) — wstéy&ois; Tr (P H () M,T9)
+2uths. &1 kop€sjEoi Tr (P H ;) MyTI™) + 2usoip? €1 kas Tr (P—H () Myy')
—2utés;p'&y ksl Tr (P—H(n)Mp’Yj)}

As ~ 22T (P_H () Mpy*)&3.60 L) |t5€1q — 2ths.Exkoa — 28ka.E1ksq

Ay~ 2—1/2L’2{2st53.§2k2bk3c§1aﬁ (P,H(N)Mpl“d’“)}. (2.16)
where the functions L, L, now defined as
I(—u+ D0(=s + HT(~t + HT(~t — 5 — u)

T(—u—t+ D(—t—s+ 1) (-s—u+1)

I(—u)T(—=s)D (=) (~t — s —u+ 3)
MN—u—t+1)I(—t—s+ 1 (-s—u+1)

Lll _ (2)—2(t+s+u)—1ﬂ_

/2 _ (2)—2(t+s+u)ﬂ_

(2.17)

One important test of our amplitude is indeed applying Ward identity. Replacing
&1a — k14, one believes that all parts of amplitude become zero. Notice that our amplitude
makes sense for n =p —2,n =p+ 2 and p = n cases.

Given the facts that we are dealing with 5-point super string computations for all
massless strings and we are applying momentum conservation just for longitudinal direc-
tion, it is expected to get the same relation as appeared in [15, 29]. Thus the following
relation holds

s+t+u=—pp”. (2.18)

As argued in [30], the expansion must be done by sending all three Mandelstam vari-
ables to zero.

It is worth taking the fact that both L}, L, are symmetrized in terms of (u,t,s) and
this provides some confusions to indeed derive the general form of our expansions, however
the field theory is a very useful guide in order for obtaining desired expansions. Since we
are carrying out technically 5-point function for all massless particles, the expansions and
the coefficients are the same as appeared in the amplitude of one Ramond-Ramond and



three massless scalar fields [30], however, the terms that appeared in those amplitudes are
really different from the terms of < VoVaVyV, > and this is one the reasons for performing
explicit computations. The corrected expansions are

w2 [ N Cnm[s"t™ + s
Z 0 tn,m
[/ t n n,m
! 2 ( Ocn(s ) (t+s+u)

+ D fonm(s Tt w)P(s + t)"(st)m]) o (219)

pvnzm:(]

sully = —7r3/2< i bn <1(u+ s)”+1> | i epm,mtp(su)n(s—l—u)m) (2.20)

n=-—1 p,n,m=0

Finally in order to obtain the suitable expansions for stL) and tuL), one must replace
t <> w in (2.20) and ¢ <+ s accordingly such that

tull, = —7r3/2< i by, (i(u —|—t)”+1) + i ep,mmsp(tu)”(t—i—u)m) (2.21)

p,n,m=0

tsLh = —7r3/2< i bn (i(s—i—t)"“) + i ep,n,mup(ts)"(wrs)m) (2.22)

p,n,m=0

In order to produce all massless poles for different values of p and n one has to know
some of the coefficients in those expansions:

1
b =1, bo =0, b=, by = 2((3),
2
T 1,
co =0, ¢ =—, €001 = 577, 2.23
0 1 6 0,0,1 37r ( )
1 19
€2,00 = €010 = 2((3), €100 = 6”27 €102 = @ﬂa e1,01 = €o0,2 = 6¢(3),
2
™ 1
€2 = _2C(3)’ C1,1 = F, Co,0 = 5’
2 1 1
€31 =0C13= ﬁﬂ4’ 2,2 = 5”47 Jo10 = _§7r2
7T2
10 = co1 =0, €30 =co3 =0, €20 = C02 = =
1 4
el =cg1=—4((3), ca0=coa = I

The important point here is that, L} for our amplitude < VoVaVyV, > must have in-
finite massless gauge but not scalar poles in the (¢ + s + u)-channel and this is unlike
< VeVaVaVyg >, which had infinite massless scalar poles. The other point which must
be mentioned before carrying out field theory computations is that, L), must have either
infinite massless scalar poles in t,s channels or infinite massless gauge poles in u-channels
which we take care of them in a closed form in the next sections.



2.1 Infinite massless gauge poles for p — 2 = n case

In this section, we are going to explore all infinite u-channel gauge poles with new Wess-
Zumino couplings. These poles have been overlooked in [55]. By applying stL} expansion
into A4 amplitude in (2.15) one should have got all massless gauge poles in string ampli-
tude as

— 72 1 (263.Eakapkzcia)

16
(p_2)!6a() ‘Ap— 3CbaHa0 aps Z b < t+8 n+1>TI'()\1)\2)\3)

n=-—1

(2.24)
where trace has been taken and we just kept all poles in the expansion of stLf. Note that
we normalized the amplitude by multiplying a coefficient of 21/27!/ 2up

The important point should be highlighted is that, (2.24) has been anti symmetrized in
terms of both scalars and this leads to the conclusion that amplitude must be non-vanished
just for non Abelian gauge group.

One test of this part of amplitude is, taking into account Ward identity for the gauge
field. Thus by replacing &1, — k14, making use of momentum conservation and applying
physical state condition for RR. (p®e®0®-3¢ — (), we observe that (2.24) does vanish.

The related Feynman rule in field theory side for p — 2 = n case is

A = Vi(Cp-3, A1, )G (A)VS (A, 62, 3), (2.25)
The needed vertex V! (Cp,_3, A1, A) in field theory must be obtained by taking this
Chern-Simons coupling

Si = iXu, / "o Tr(Cupzy NFAF) (2.26)

Note that in the above action Fj, = 9%A" — 9P A% —i[A?, A’] and \ = 27a/, however all
commutators must be neglected as we are looking for the coupling between one RR-(p — 3)
form and two gaue fields. Integration by parts are also taken such that

Va(Cpz, A1, A) = N,

ap--ap—1a
€ H, ag-ap— 3§1ap Qkap 1

1
(p—2)!

As it becomes clear from (2.24) the amplitude has infinite poles. The vertex of
Vﬁb(A,gbg,gbg) should be derived from the kinetic term of scalar fields in DBI action

[’\;Tr (D*¢' D, ;)] as follows

VE(A, ¢2,¢3) = iNTpéa.E3(ka — k3)"Tr (A2As\g)

- sab
ab . —1 6 5Oéﬁ
Gaﬁ ((b) - )\QTp k2 ’

(2.27)

Consider k? = — (ko + k3)? = u in the above propagator.

Kinetic term of scalar field indeed has been fixed so definitely there is no correction to
all kinetic terms such as kinetic term of scalars. Also notice that massless poles here are
simple massless poles thus neither do they get corrected. In addition to that, by considering
(2.26) we could produce just the first simple gauge pole out of infinite poles.

,10,



Having got this remarkable fact, we come to the point that, in order to
produce all infinite gauge poles one has to find out all related corrections to
iXpy [ APt oCh_5y NF AF as

Sy = iNp, / o Y ba(a))"™ Clyigy A Dagea, F ADOTE(2.28)

n=-—1

for more explanations see [15]. By setting these corrections, we are indeed able to produce
all massless gauge poles to all orders of o/. Let us write down the corrected form of the
needed vertex to all orders as

a N et 10 11
VH(Cps, A1, A) = FS)!(E) o0 (O Eray oka,

xTr (AAa) > bu(e/ky k)"t (2.29)

n=-—1

Having replaced (2.29),(2.27) into (2.25) we may write down the result as

'A = MP(QTFO‘/)2 | Tr()‘1)\2)\3)eaou.apilaHaQ---apfgglap,Q X

-
(p—2)lu

[e'e] Oé/ n+1

n=-—1

Thus (2.30) can exactly produce all ifinite massless gauge poles which we were looking for
in (2.24). Indeed we have precisely produced all u-channel poles in this section. This is
the other new result of this paper.

3 New couplings for BPS-branes for n = p — 2 case

In this section, by comparing direct result of string amplitude, we are going to discover
new Wess-Zumino couplings for n = p — 2 case at leading order and generalize them to
actually construct all their higher order corrections as well.

To start, we rewrite the explicit form of string amplitude for this case as

Ay = 27"y stés Eokapksc1o Tr (P H () M,T ") LY,

Extracting the trace and applying stLf expansion we get

16 apay
As = =26 Eohakscran iy g5 € Haga

><< i by <i(t+s)”+1> + i ep,n,mup(st)"(sﬂ)m) (3.1)

n=-—1 p,n,m=0

In the last section, and in particular in (2.30), comparing with string theory amplitude,
we have produced all infinite u-channel poles in field theory. Now in order for gaining new

— 11 —



couplings with exact coefficients, what we have to take into account is indeed the second
term in (3.1), that is,

16
AfA¢¢ — —253-52k2bk3cflaﬂ2upmeao ap_staHao-~ap,3

x( > ep,n,mup(st)"(sH)W) (3.2)

p,n,m=0

Note that (3.2) by itself does satisfy Ward identity, namely if we replace &4 to ki, and
apply the momentum conservation along the world volume and in particular consider the
physical state condition for the RR p%e®%-1% = (), we come to the fact that this part of
the amplitude should be written just in terms of a new Wess-Zumino coupling which must
have the following structure

/ "o Tr(Cp_3 A F AD@' A De;) (3.3)
)

p+1

It is written such that, it covers the world volume space and also satisfies anti-
symmetrization with respect to the interchange of scalar field’s momenta. Let us apply
€1,0,0 = %2 and eg 1 = %2 to (3.3) and produce the first non-zero couplings as S5 and Sy
then generalize all orders in o/ higher derivative corrections:

Ny 1 o/
- " F dp+1 = (z2v\ao--ap -
%= / HPEET <2>

xCP7 Ty (Fap_gap_Q(D“Da) [Dap_lqbiDapqSiD (3.4)
and
3
Sy = A’”‘T’“ / @1 (o) Tr (€3 A DM F A Dy, [ DY A D] ) (3.5)

It is not difficult to investigate that, in order to produce (3.2), the closed form of higher
derivative corrections to all orders of o/ must be taken as follows

>\3M o Imtm o'\ P
S5 = 27rp/dp+10 Z €pn,m (O/) (2) X

p,n,m=0

X Tr (Cp_g A DY ... Dbm DAL Dz A (3.6)

(DaDa)prl - Dbm |:Da1 ... DanDQZ)i A Dan+1 . Daan¢i]>

4 Infinite massless gauge poles for p = n case

The goal for this section is to show that pure super Yang-Mills (SYM) couplings (infinite
two gauge and two scalar couplings in [29]) will give rise the same infinite gauge poles
in < VeVaVyVy, > as well. Extracting the trace and considring L} expansion inside of
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the third part of the amplitude (As), we rewrite all infinite massless gauge poles of the
amplitude for p = n case as the following:

16 .
Az = 773,“[)53-52?6(10 ap’laH(gﬁ?--ap,l [tsfm — 2tk3.&1kaq — 25ko.E1k3q

<§:Zin:00”mﬁsnﬂn_%sn%n]>
>< ki

(t+s+u)

(4.1)

with 21/271/2 tp becomes normalisation factor to match with field theory side. The following
Feynman rule must be taken into account for this case.

A= V;(Cpfla A)Gg%(A)Vﬁb(Aa Ala ¢)2a ¢)3)7 (42)

First of all let us talk about the chern -simons coupling, namely we want to gain
VE(Cp-1,A) by taking the known coupling

o', | AP o Tr (Cpoy AF 4.3
P P

such that

Vo(zl(Cp—lyA) - 1(271-@’)“1,(1)' aomap_laHtgzoj?-'apﬂTr (Aa)
p):
ob 180,090 805020
A) = — . 4.4
Gas(4) T,(2ma/)2k2 — Tp(2ma!)2(t + s + u) (44)

In order to produce all infinite gauge poles for this particular case one has to know
SYM couplings between one off-shell gauge and one on-shell gauge and two on-shell scalar
fields at leading order

4 A 1 ;
e gy (Dm’D%iFwac - 4(Da¢’D“¢@-F"CFbc>> - (4.5)

and in particular, we need to make use of their higher derivative corrections to all orders
of o/ which are recently discovered in [29]:

1 n-—m S nm nm nm
(271'0/)4%1}; (O(/) + Z (El +£2 +£3 ), (46)

m,n=0

LM = Ty (ammDnm [Dad’ D06 F Fyo] + b Do [Dad F* Db Fie] + h.c. ) :

Lom = Ty (ammDnm[Daqb"quﬁincF“] + bumD., [Dady FyeD'é; F°°] + hc. ) :

£om = %T& (an,mpnm[DGQsiDa@FbCFbC] + b Dy [Dat Foe D F*] + h.c.) ,
where the higher derivative operators D,,, and D), are defined [15] as

Dpm(EFGH) = Dy, -+ Dy, Dy, - - Do, EFD ... D""GD" ... Db [T,
D (EFGH) = Dy, -~ Dy, Dg, --- Do, ED™ - .. D FGD" ... D' .
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The first thing to note is that, in order to obtain the vertex of one off-shell gauge and one
gauge and two scalars on-shell, one should have taken into account two possible orderings
as below:

Tr (AsAsAiAg), Tr (A2 AsAgA1) (4.7)

where 8 has to be Abelian. As an example if we consider Tr (anvanm [DaqﬁiquﬁiF“Fbc])
the resulted vertex is

nm (k.k2)™ (k1.k2)"&2.631h0
+an,m(k‘.kQ)n(kl.k'Q)m§2.§3111 (4.8)

where k becomes off-shell gauge field’s momentum and I1g, I11 are

IlO = (_k1~k2k3-k§1a + kl-k2§1~kk3a + f1.k2k3.kk1a — kg.flk’l.kkga)
I = (—k.koks.k1&1a + k.ko&r.kskig + &1 kK. k1koq — k3.£1k1.kka,) (4.9)

Now by applying the hermition conjugate of Tr (an,mDnm [Dy¢' Db F “chc]) we are lead to
an’mfg.fg <(/€.k3)n(/€1.k3)m110 + (k.k’g)m(k'l.k'g)nfu) (4.10)

Therefore one must do careful computations for all the other couplings in (4.6) and
also should consider their hermition conjugate as well. The final result is

VH(A 62,05, A1) = 26 6 (0)" ™ (annbom)  (baok)™ o)+ (kR (b )™
(k)™ (k)™ + (k-/{:g)m(kl-kg)”) 2ma’)t Tr (MAahsAg)
X |:§1th — 2tk3.§1]{72b — 28k2.§1k3b], (4.11)

Having set (4.11),(4.4) into (4.2), we get the infinite massless gauge field poles of the
amplitude in field theory side:

6“0'"“?‘1“52-53[{15?..@ . ad
—32 P Tr (A1 A2 nam + bnm)[sTE" Al
T Hp (p)!(s+t+u) I'( 1A2 3)n;0(a , + , )[S + s }

[gmts Otk E1ksg — 251@.51@3&} (4.12)

In order to check the field theory amplitude with string amplitude (4.1) one needs to
actually have some of the coefficients such as

7'('2 71'2
a0 =~ boo = BETE
aro = 2¢(3), ap,1 = 0,
bo1 = —((3), a11 = aga = — 71t /90,
aga = (—83m% — 7560¢(3)?)/945, bao = —(237°% — 15120¢(3)?)/1890,
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a1z = —627°/945, aso = —4r* /90,

b1y = —n /180, boo = —m* /45,

ap4 = —317°%/945, aso = —167°/945,

a1p = a1 = 8((5) +47°¢(3)/3, ap,3 =0,

azo = 8((5), bz = —(127% — 7560¢(3)?)/1890,

az1 = (—52r% — 7560¢(3)?) /945, bos = —4¢(5),

b1o = —8C(5) + 21%((3)/3, boa = —167°/1890. (4.13)

Notice the fact that b, ,, must be symmetric and concerning T-duality transformation
these coefficients are the same as those have been appeared for one RR and 3 gauge
fields [15]. Later on we will go through all of the contact terms for p = n case, even
those terms which have been cancelled out with the resulted propagator in the above field
theory amplitude. Although the method for obtaining them with all needed details have
been explained in [29, 31].

Meanwhile the amplitude in string theory is given in (4.1). If the higher derivative
couplings of (4.6) are correct, we must be able to produce exactly all massless poles in (4.1).
To do so, first we omit similar coefficients from both string and field amplitudes and then
compare (4.12) with (4.1) order by order. In the other words, the aim is to compare

(o]
— Y ((an,m + by ) [ + s”tm]) (4.14)
n,m=0
with
(e,
2y 3 e (57 4 57 (4.15)
n,m=0

By applying n = m = 0, at zeroth order of o’ we get

2 9
— 277(@070 + b070) = —27T<7T + 7r> = 7I;(200 0) (4.16)

At first order of o/, we find
T
—m(a1,0 +ao1 +b1o+bo1)(s+1t) =0= 7(01,0 + co,1)(s + 1)
At the second order of (), we lead to

—27r(a171 + b171)8t — 7T(a0,2 + az0 + b(),g + b270)[82 + tz]

5 5
= %(st) + %(52 + %)
3

T
= ?[cu(zst) + (2,0 + co2) (5% + 12)]
At third order of o/, we gain
—7r(a3,0 + ap,3 + bo,g + 53,0)[83 -+ ts] — 7r(a172 + a1 + 5172 + b2’1)[8t(3 + t)]

3

= —4m’¢(3)st(s + 1) = %[( 03+ 30)[s” + 1]+ (ca1 + c12)st(s + 1))

,15,



In order to be sure we have obtained the correct couplings with exact coeflicients, we want
to go ahead one more order so at fourth order of (o), we find the following numerical factor

—m(ag0 + aos + boa + bao)(s* + 1)
—7'('((13,1 +ai3z+ b371 + bl,g)[st(82 + t2)] — 27T(a272 + 5272)52t2

:7T7 sttt 4 2(8% + 135) + 3522
15
3

v
- 7[(%0 +coa) (s 1) + (c13 + c31) (83 + £35) 4 2¢0.05°1?]

We have highly used the coefficients in (4.13). In general all checks to all orders in
o' can be carried out to indeed see that all massless gauge poles of < VoVaV,V, > are
produced. Therefore we come to important fact that these couplings do work out even
for the amplitude of CA¢¢p, and this is the other recent point that comes out from our
attempts which has been hidden in [55] for a while. Therefore not only does it confirm that
our recent higher derivative couplings are exact up to on-shell ambiguity but also it resolves
the fact that p,p® must tend to zero to get the correct expansion for all BPS branes.

4.1 Infinite massless t, s-channel scalar poles for p + 2 = n case

The goal in this section is to actually produce all infinite s-channel and t-channel scalar
poles. The first simple scalar pole in t-channel has already been produced in [55] but again
in there all infinite scalar poles have been overlooked, however we are going to come over
them as well.

Having taken our recent ideas for Super Yang-Mills [15, 29, 30], we show that the same
arguments here also hold. By applying usL}, tuLf, expansions into all terms (except the
second term) in the Az amplitude and extracting the traces, one can find out all massless
scalar poles in t channel for string amplitude as

7167r2,up

v+ 1) {—2(p+1)§1.k2§2ik;3€§3] ap--ap— 1CHClL]0 s +2§2ipj€1-k32€3] ao- aszZzO ap}

X Z by < (u+ s) "+1>Tr (A1 haA3) (4.17)

n=-—1
All s-channel poles are also written down as below

—167r2,up

(p+1)! {2(}?4‘1)]{73.51]{32[)53]'521 a0 ap— 1bHCJLé ap_1 2£3jpi€1./€3£21 a0 apH(JlO ap}

X Z bn < (u+t) "+1>Tr (A1A2)3) (4.18)

n=-—1

By interchanging scalars in the As amplitude, we reach to the point that the amplitude
is anti symmetric thus in order to make sense of our computations one has to consider non-
Abelian gauge group. As it is clear from (4.18) and (4.17), once we produced all massless
t-channel scalar poles, all infinite s-channel scalar poles can be easily produced by replacing
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s <> t and re-labeling 2 <+ 3 in all their momenta and polarizations. Therefore let us just
produce all infinite massless scalar poles in t-channel in field theory.
The Feynman rule in field theory to produce all t-channel poles should be followed by

A = ViCpi1,63,0)G(0)VE (6, A1, 62), (4.19)

such that the vertex of Vﬁj (¢, A1, ¢2) should be found from the scalar field’s kinetic term

like MTr (D,¢'D%®;) where all possible orderings must be regarded in field theory as
well. Therefore

V(6, A1, ) = —20iNTyka &1 Tr (A1 o)

D PN A LN
Capl0) = NNT, k2

(4.20)

k? = —(ko + k1)? = t should be substituted in the propagator. As argued in the last
section scalar field ’s kinetic term has been fixed so it has no correction, the simple scalar
t-channel pole has no correction either. Therefore not only we need to find Vof(CpH, ¢3, Q)
but also its higher derivative corrections are also needed.

First of all let us discuss how to produce Vai(CpH, ¢3,¢) without taking its higher
derivative.

The first coupling between one gauge field, two scalar fields and one RR should be
included from Myers ’ terms. Namely, we may think of the coupling between a commutator
of transverse scalars and a world volume field strength of gauge field and one RR -(p + 1)
form field as we call it Sg

S = i(zm’)%p / o e T (Fogay [97, 97) ceh) (4.21)

(p—1) azap’

For more details on Chern-Simons actions, Taylor expansion and Pull-back, one should
deal with section 5 of [31]. In addition to (4.21) we need to know two more couplings,
basically first we need to use Taylor expansion very properly for this case as

2 N2 1 L
S; = W/d”“oweao“'%Tr ((I)J(I)Z) ajaic((z?gfg

2
2 N2 1 ..
— W’/dp—i-laweao-..apﬁ (q)Jq)Z) ajHi((f;‘i)Lp (4.22)

such that HPT2 = dCP*!, the other couplings which are vital for our case must be read
from Pull-back, namely we shall point out to the following couplings as well
2 AV 1 . .
5y = 2Tt / T [p(p+ 1) Tr (Dag®' D, ®7) CEY)
D !

9 ijaz---ap

+2(p+ 1)Tr (97 D,,d") 9;C ) }

ia1--ap
Having taken integration by parts and adding some of the actions we reach to

(2ma’)?

S + Sg = 5

1 j &l 2
Mp/dp+10(])_i_1)!€ao “r [(p+ 1)TI‘ (DaO(I)J(I)Z) Hi(f;;")'ap]
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In order to get several contributions, one has to extract the covariant derivative of

scalar field (Dy¢" = 0,¢" + i[Aq4, ']) such that

2 "2
Se + 58 = (2n))

1 o
Mp/dp+1g(p+1)!€ao...ap [2i(p+ 1)Tr (Ag, @ 0) Hz(ff)ap (4.23)

+(p+ DT (0, @707) HEFD, |

ijai--ap

Note that the first term in (4.23) will be employed in the next section to obtain all the
contact terms p + 2 = n case for three open strings, namely two scalars, one gauge field
and one closed string RR-p 4+ 1 form field.

However, in order to obtain V!(Cpi1,¢s3,¢) for producing the first massless scalar
pole,one must add the relevant couplings together at leading order, basically by adding
some of the couplings as below

2 N2 o
o) [artioen o 1 (910,107, + o+ )T (@0 12, ] (120

we can easily get the leading vertex of Vi(Cpi1, @3, $) as

Npp(2ma’)?

Voi(cp-‘rla(biﬂy(b) = (p+ 1)‘

Tr (AgAq )€ [Pi§3jH<§0~-ap

P+ DHY. .y ksaobsi]  (4:25)

Needless to say that N is indeed the normalisation constant to be chosen for all U(N)
generators, such that

€1 = ££Qaq, N6 = Tr (Q*Q") (4.26)

Now by replacing (4.25) and (4.20) into (4.19), we are able to just produce exactly the first
simple t-channel pole in (4.17). In order to produce all infinite t-channel poles, we should
look for all higher derivative corrections of (4.24). One can apply the main ideas of [15, 29]
to indeed get the all higher derivative corrections of (4.24) as

MP(QT‘-O‘ ) p+1 __ _aop-a jal...an (p+2)
S | @ Z bu(@)" [T (Day .0, @ D220 ) 0, HET)
+(p+ )T (0u Doy, @D 00) HE) (4.27)

The important point here is that the commutators in covariant derivative of scalar fields
do not play any role and in fact they have no contribution to above vertex so all covariant
derivatives can be replaced with their own partial derivatives.

By constructing the correct higher derivative corrections of (4.24) as (4.27), one can
write down the general form of the needed vertex as

NMP(QWO/)

Vi(Cpi1, p3,0) = (p+ 1)

r (A3 hq )€t Z b (ks K [pfggj L

n=—1
0+ DH o hsanbss]  (4.28)
where Y7 by ('k3.k)" =3 07 | bp(s + u)™ has been used.

n=-—1
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Therefore by making use of this new higher vertex (to all orders of o) (4.28) and
substituting (4.28) and (4.20) into (4.19), fortunately we were able to exactly obtain all
infinite t-channel scalar poles in (4.17) as follows

_ —1672p,

(p+1)! { = 2(p + 1)é1-kabaikabae® P HY L,

+26p7 &1 -k2§3j€a°'"“”Héo...ap }

X i by, (1@ + s)"“)Tr (A1 A2)3) (4.29)

n=-—1

Having replaced ¢t <+ s and 2 <+ 3 we can also produce all infinite s-channel scalar poles
as well.

Thus up to pole levels we observe that field theory does agree with string amplitude,
however in the next sections we will see that there are some contact terms in string theory
such that their field theory is unknown. It is remarkable to note that these sort of new
interactions neither can be found by Myers’terms nor with Taylor/Pull back method. To
our knowledge pull-back should be corrected [29]. Essentially we find some new couplings
by comparing them with the exact result of string amplitude. After carrying out long
computations and producing all infinite massless scalar, gauge poles for all possible different
channels, let us go further and talk about contact interactions and new Wess-Zumino
couplings, which can be found just by direct S-Matrix computations.

5 Contact interactions for p = n case

Notice the fact that p = n does mean that we are taking into account all Cj,_; couplings
to D(,_p)-brane. By taking n = p case, the final form of our amplitude reduced to the
following interactions:

i(2mal)3 . 3
ACA¢¢ = (2@)%’5&0 ap71a£104£2’l:£3j (pszHao---apq —|-p(p — 1)k‘3a0k‘2alH;J2...ap71

—phoaoP’ Hiy oo — pksaopiHél..‘a,,,l)

X (Z (s +t+u)" 4+ Y e ml(8)" ()™ + ()™ (1))

n=0 n,m=0

* i Fpmm (s +t+uw)P (s + t)”(st)m]> ; (5.1)

p,n,m=0

Some of the contact terms just at the leading order for this case were known in [55]. Note
that we are just considering Tr (A; A2 A3) while the amplitude has the other possible ordering
which is Tr (A1 Az\2). In order to obtain full amplitude one has to replace s <+ v and 2 <> 3
in the above contact interactions and add them up with (5.1). In order to produce (5.1) we
have to consider several couplings from field theory. Let us first reconsider the couplings
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between two scalars (coming from pull-back) and one gauge field as

27TO/ s ap---a % j
Sy = (4(17_){;;0 /deGe 0 p((p —2)(p — 1)STr (Fapay Day @' Doy ) Cijay.-a,

+2(p — 1)STr (Faya, Day, ®'07) ajcm...ap) (5.2)

The important point for the above coupling is that commutator in the definition of
covariant derivative of scalars must be overlooked as we are looking for two scalars and one
gauge coupling. As a matter of fact all covariant derivative should be replaced with their
partial derivative.

The other coupling (which is essential for producing all contact terms for p = n case),
should be coming from Taylor expansions as follows

(2ma’)’p »
S]_O = Fl)'p dp+10.€(10 apSTI' (Fa0a1 @z(p])aiajCQQ...ap (53)

Now by extracting field strength, replacing all covariant derivatives with their partial
derivatives, adding (5.3) and (5.2) (S11 = Sy + S10) and finally replacing all fields to their
polarizations and in particular changing derivatives to momenta, we can precisely produce
all contact terms at the leading order with the following couplings:

23 . .
Sy = 2;'19 /dp+106“0"'ap <p(pf 1)STr (Aa08a1@ZOQQ(IDJ)HU%...%

+2pSTr (AggOay ®I0) 0, Hjay. ) + STr (Aaoqﬂcpj)aiajﬂal...ap) (5.4)

Note that the first term in (5.4) is derived from (5.2) where all the commutators should
be dropped, as we are looking for the couplings between two scalars and one gauge and
one RR -p — 1 form field.

Also note that, in the first term of (5.2), the partial derivative inside the field strength
can not act on scalars because the e tensor is antisymmetric and the multiplication of
symmetric tensor and antisymmetrc tensor becomes zero so it can act just on RR field.
Symmetric trace does mean that, taking average on the whole possible orderings of the
fields is vital. The appearance of symmetric trace for the last term is necessary as we have
to produce the third and the last term in (5.1) very precisely.

In order to produce all infinite contact interactions in (5.1), the following higher deriva-
tive corrections should have been taken into account.

(stY"HApp = (/)™ H0y, - - - D, AD™ - - DY pDIm+1 ... D¥2m gy,
(s +t)"HApp = (/)"Hqy, -+ - 0o, AD™ - -- D" (),
(s)™t"HApp = (/)" "™ HOy, -+ -0, Oay - - On,, AD™ - -- D" D ... D™,
()"t HApp = (/)" "™ HOy, -+ -0, Oy -+ On,, AD™ - - D MDY ... D",

Oé/

p+1
(s+t+u)PT HApp = <2) H(D,DP* 1 (Ago). (5.5)
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The important point which must be highlighted is that, the connection part or the
commutator in the covariant derivative of scalars must be dropped in the above couplings.

6 New couplings for p = n case

Carrying out the trace and considering only all related contact interactions for As, we get
the terms like

1673 ts
AFA = - (p)f‘ Ley £ oy a, €™ “P1“[251a—2tk3.51k2a+2+>3]

X (i cn(s+t+u)" + i fpmm(s+t+uw)P(st)" (s + t)”) (6.1)
n=0

p,n,m=0

These new contact terms do satisfy related Ward identity. It is really worth trying to point
out that these contact terms are sort of new couplings. In principle we should be able to
produce these new couplings by introducing new couplings in field theory.

Keep in mind that, we proceed to find out new couplings in field theory term by term
however after all, one has to add all of them together. Let us first produce the first term
in (6.1) at leading order (remember ¢; = %Q,fo,lp = %z) then we generalize its higher
order corrections to all orders in o/, namely consider

1673 o jats, (T m’
— W‘Mpfg.f2ﬂao-nap_1 €0 ap,1a§§1a <6(8 +1+ u) - 7(8 + t)) (62)

3
One can exactly produce (6.2) by taking into account the fact that the sum of world
volume indices must cover all world volume indices such that the first term in (6.2) is
obtained by the new coupling as

2 / 2. 1\2 / .
5, — 2T )“g(” o) / "o Cppy A (O;(DCDC)(DbD“FDaqﬂDbcI)i)), (6.3)

Now we can generalize the above coupling (6.3) to produce all non leading couplings
for the first term in (6.2) as
(27”)/)3“17 +1 = o \" c n b na 7
Sig =L [ & 7> cn 5 ) Cip-1) N (D°De)"(D'DFD, @' Dy®;), (6.4)
n=0
In those couplings, we have written explicit covariant derivative of the scalar fields,
however with our computations we can confirm the presence of just the partial derivatives
in covariant derivatives, thus in order to check whether or not commutators should be held,
one should perform higher point functions just like CAA¢p¢ [57].

Pursuing the argument mentioned above, one can produce the second term in (6.2)
as follows

(870 )0/

Sia = —

2 .
: / o Cpo1y N (D°D*D°FD[Dy®' Dy®i]),  (6.5)
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Making use of the steps have been mentioned in [31], we are able to get the all higher
order corrections for the second term in (6.2) as

2ma/
Sis = _(Q)/dp-i-l Z fp,nm( ) ( /)2m+nC(p_l) A (DaDa)p(Dbl "'Dbgm

p,n,m=0
D™ ...D"DPDCFD,, --- Dy, [D% - .. D Dy®! Dbm1 ... Db2m D B,]), (6.6)

In order to produce the rest of the terms in (6.1), namely one has to consider the
following terms

167w,
(p)!

fg.ngaO...ap71eaomap_la[—thg.flea + 2+ 3]

(chs+t+u Z Fonm(s 4+t +u)P(st)™ (s—i—t)”) (6.7)

p,n,m=0

To produce the first term in (6.7) at leading order, one must consider the following
coupling and adds it up to (6.3) and (6.5)

(270 1y T2 Hiy
12p!

DoD" .
Sig = o'(DaD*) / dp+1a(acAba%ch>iquﬂ DN 3) (6.8)

Now we can generalize the above coupling to produce all non leading couplings to all
orders of o/

o (27ro/)3up ap--ap +1 - C(l " a\n
Si7 = 7}9! €0 dP O‘Hao...ap,1 nzzocn 5 (DaD )
X <8cAb8%DC<DZ~Db<Di 246 3) (6.9)

Also notice that the second term in (6.7) at leading order can be reproduced as
2 N3 2 .
Sis = Weam% / A"V o Hoy o (DdacAde[a%DC@quﬂ] 24 3) (6.10)
p!

To find all higher orders in o/ one must take into account the derivatives as appeared
n (6.6) such that the final form is

2w’ )3 11,40 % F
Sig = (@ma) 1y ' o apl/d”“o—x
p!

S a"\” N2m+n na P
X Z fp,n,m<2> (o) (DDy) (Dbl"'Dbgm (6.11)

p,n,m=0

X Da, « - Do e Ay D™ - - D[, DV - .. DV De®, DV Vw1 ... PP i) — 2 ¢ 3)

Of course for our amplitude (C'A¢p¢p) we just could confirm the presence of partial
derivatives in the definitions of the covariant derivatives in the coupling (6.8) and it remains
an open question to check whether or not the commutator in the definitions of covariant
derivative of scalar fields will be kept. In order to answer this subtlety one must perform
higher point functions, namely to compute either CAA¢p or CAAApp. However there are
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some subtleties to answer this question and some of them have been addressed in [15, 31].
We hope to answer some of them in future [57].

Note that these couplings are consistent with string amplitude of one (p — 1)-form
closed string RR and two scalar and one gauge field and they are new in the sense that
neither do they come from Myers’ terms, Pull-back, Taylor expansion nor expanding the
exponential and suing the multiplication rule of the super matrices.

As it stands and it is known, applying the direct computations of string amplitudes is
the only consistent and a quite reasonable method to actually find out new couplings in
field theory.

Thus to conclude, in order to produce exactly the contact interactions in (6.1) at
leading order one has to consider the sum of S1s, 514, S16, S1s and consider these interactions
by replacing 2 <+ 3 as well.

Finally we get to those contact terms that have been overlooked in section 4. By
making use of some valuable formula we might write those interactions down as

16
%eao'"al’*laHao...ap_lfg.fg |:£1at8 — 2tk‘3.§1k}2a — 28k2.£1k3a:| X

X Z (anm + bom) (—a'k?) !

n,m=0
m m m—Ilyn m—l _n - n n—lym n=lgm
[<QZ<Z>(S "+t s)+2z<l>(8 tr 3)>
—1 =1
+ 5 ()T e sy (—a K2V | T (Ao s)
1=1,j=1 ! J

The important point is that we can also write these contact terms in a closed form
as follows

167 et 10
T'upeao Pt Hao---ap71£3~€2 [glats — 2tk3.§1k2q — 25k2~£1k3a:|
XTr(Ad2ds) > from(s+t+uP(s+8)"(s)™,  (6.12)

p,n,m=0

We should have pointed out the fact that f

»nm Can be written in terms of a;, m and
b k)

bn,m as well. The last remark is that, the last terms in the expansion of L’1 do follow the
same structures of (6.12). Therefore we can conclude that f,, » just in the expansion of
L} must be replaced by

Jomm = fonm — f}la,n,m

7 Contact terms for p + 2 = n case

Let us come to the last part of contact terms. Here all world volume spaces have been
covered and apparently there should not be any coupling between gauge field and scalars
and Ramond-Ramond. Below one might wonder how we could find a non-zero coupling
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between one closed string Ramond-Ramond (p 4+ 1)-form and a gauge field and two scalar
fields in the world volume of BPS branes. In order to indeed explore new couplings, first
we extract all traces and write down the general form of the non-zero amplitude(which
is As), then we comment on new couplings which can be discovered just by direct super
string scattering amplitudes in IIB and IIA theories.

Ay = L27T1/2Mp_11_61,522'533'{6&0'.'%_16[{2']' (p+ 1)( — 2uséy . kokse + ustéie  (7.1)

(p+1)! et
—2Utk3-§1k2c) + etomar <2U8pj§1-/€2H20---ap - 2Utpi§1‘k3Hgo---a,,) }

It is extremely important to notice that, by applying momentum conservation all the
terms in the first part of (7.1) do satisfy the only related Ward identity for the gauge field
(&1 = k1c). However in order to see the fact that the same result holds for the other terms,
we should apply the Bianchi identity as the following:

eao...ap( Do, (p+ VHE | —pHL +pngo___ap> — dHP? —

Regarding above results and in order to have gauge invariance at leading order of o,
we have to find out non-zero couplings for each term in the first part of (7.1) and then
add them up. This rule should be kept for the last two terms in (7.1) as well. One may
expand ustLf as below

tsully = 7r3/2< S bals+ )"+ Y epnmut T ()" (E+ s)m> (7.2)

n=—1 p,n,m=0
However, this is not the correct expansion here. Regarding the fact that all Gamma

functions are symmetric under interchange of (s,t, ), the final expansion must hold that
symmetry as well so the modified expansion has to be taken as

3/2 00 00
tsully = ”{[ D ba(s+ )"+ Y epnmut T (ts) (E+ 5™

3
n=-—1 p,n,m=0

+t<—>u+s<—>u} (7.3)

Remember ey oo = 0,b_1 = 1. First let us try to produce at leading order of o’ the second
term of the string amplitude in (7.1), that is

772/1131)?§2i§3janmap_chéj(')---ap—l§1C (7'4)
Note that if we expand ustL{ at low energy limit the first term is 73/,

One should argue that the coupling (HP2A¢¢) has to be derived by field theory
manipulation, basically consider the fact that both scalar fields could come from either
Myers’ terms as followed from (4.22) or both of them can be resulted in two covariant
derivatives in the Pull-back like

(2ma’)? 1y

2 1! /dp+laeao...apTr (Da0q>i Dm(I)j) Cija2'~~ap (7.5)
p— 1)

— 24 —



The other possibility is that one scalar can come from pull-back and the second one
could come from Taylor expansion as follows

(2701 [ it oo -
T” dPT e % Tr (®7 Dgy @) 0;Ciay-a, (7.6)
As we can clearly see the presence of scalars (which are non-Abelian) in Taylor expan-
sion [58-60] and pull-back should be inevitable as was mentioned in [61, 62] and after all
we have to extract covariant derivative of scalar to actually receive gauge, scalar and RR
couplings. Needless to say we took integrations by parts to indeed combine (7.6) and (7.5),
such that their combination is
9 "2 o
“;Oi)“p/dpﬂaeao'"“”Tr (Da()(Iﬂ(I)l) Hijay.a,
D!

If we would open up the covariant derivative of scalar field, we would get two terms
but the term involving partial derivative should be dropped as we need to get the non-zero
coupling of one gauge, two scalars and one RR-(p + 1) form so that the ultimate coupling

is achieved by
(910 2 | B
z(7r17!a)“P/derloeaO'"aPTl“ (Aao@j(pz) Hija,a, (7.7)

It is indeed a very easy task to observe that (7.4) is precisely reproduced by (7.7).
Again we want to highlight the point that even we are dealing with n = p + 2 case and
all world volume spaces have been covered, however, there is a non-zero coupling between
RR-~(p + 1) form and one gauge field and two scalars field but we can no longer write that
coupling in terms of field strength of the gauge field.

The higher derivative corrections of (7.7) can be discovered as

; 2
@ma’)”

3p!

ao--ap 7. .
€ PHijay--a, X

x ( / dp+1a[ 3" ba(a!) T (8m0~--8mnAa0Dm°---Dm" [<1>J'<1>i])

n=—1

o N\ p+1

p,n,m=0
) (7.8)

This prescription can be easily applied to actually get the terms by interchanging

X (DD DM - DY @I D D)

t <> u,s <> u and finally we have to add them to (7.8) as well. Now let us consider the
first and third terms in (7.1) and just keep the related leading contact interactions, namely
one must employ usL,utL!, expansions in (2.21) and (2.22) and keep in mind that the
first non zero coefficients are eq 0,0, €0,0,1 such that the following terms are leading terms in
string amplitude

16 s
_ 774Mp67p'£2’i£3jeao‘“apich(leO”'apfl (— Qfl.kzkgc(t+ 2s+ 2u) — 2]{23.61]6‘20(5 +2t+ 2’LL)) (79)
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In order to produce all terms in (7.9), one has to work in detail and write down some
new couplings, in the sense that they do not come from pull-back, Taylor or Myers’ terms.
Therefore the first term above can be reproduced by the following coupling:

472 (21l )?

ey / @15 (9,4, D" D*® DD + 20,4, D" D!
J

ijag-ap—1

+24,D0,3' DB — 293)111(”*2) €00 a1 (7,10)

Now we get to the point which has been emphasized, namely in order to produce all
the first three terms in (7.1), one has to add (7.7) and (7.10) together, and generalizing to
all orders can be easily done with making use of (6.1).

Now let us consider the last two terms in (7.1) and just keep the related leading contact
interactions. Having set the usL), utL} expansions from (2.21) and (2.22) we get

1€2i83;€"0 (21}751 koH., . ap (t + 25 4 2u) — 2p* ks &1 HY, . (s+2t+2u)>

(7.11)
By applying the correct higher derivative corrections, it is easy to show that some new

NP6( )

couplings must be taken in to account, such that the first term above can be reproduced

by the following coupling:
472 (270’ )? . . )
mup / dP“a(abAanDaqﬂcIﬂ 4 20, Ay D®i DV

P .

€20 (7.12)

ag---ap

+24,DP DO DydI — 2 3)8 Hi

Again we want to highlight the point that these new couplings do not come from pull-
back or Taylor or Myers’ terms. Having used (6.1), we can easily generalize above couplings
to actually get all contact interactions to all orders of o.

However, it turns out that it is better to write down the closed form of contact terms
to all orders of o/ rather than producing them order by order in o’. Thus consider the
following terms in string amplitude

16 >
Ty ey H oy, DL epmm (= 2akakset(su)" s+ u)" 2 ¢ 3)
) p,n,m=0

(7.13)
Their closed form can be precisely obtained to all orders of o/ by the following coupling:

2 p
7"0‘ Z ean( ) (a,)2n+m+1 /dp+10((DaDa)pDa1 -+ Da,, [aal +++0a, Aa

p,n,m=0

xD -D,. D*®" ]D D% ... D% DAt , Dagn(I)J + 2 ¢ 3) Hz] €00+ Ap

an+1” a2n ap-ap—1
(7.14)

Finally the rest of the terms in string amplitude to all orders are verified as

16 e o n m (o i
_7r2upm€2,ig3jea0 p Z ep,n,mtp(su) (S—FU) <2pJ£1.kZ2HaO_,,ap—2(—)3) (715)

pvnvaO
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Eventually by applying the same methodology as discussed in the body of the paper,
one can easily show that (7.15) would be produced by the following couplings:

H (2770/)2 > o/ \? n+m
W Z €p,n,m 9 (0/)2 +m+1 dp-l—lo-((DaDa)pDal +++Dg, 04+ 04, Aq

p7n7m:0
XDan+1 .. .Daana(I)i]Dal . DAmM DM L DB 9 ¢ 3) 8jHia0...ap€a0map
(7.16)

8 Conclusion

First of all by applying conformal field theory methods we discovered the complete result
of the amplitude of one Ramond-Ramond, one gauge field and two scalar fields for all kinds
of p and n in II string theory. The motivation for carrying out this long computation was
that, we must have the complete form of the amplitude to be able to proceed to explore
the closed form of new Wess-Zumino couplings to all orders in o for various cases. We
have also performed all SYM vertex operators to all orders in /. Remember that due to
closed string Ramond-Ramond the general form of these new couplings with their exact
coeflicients should be confirmed just by direct S-Matrix computations not any other tool
like T-duality transformation to the previous calculations. The results of this paper can not
be found for example from < VoVaV4Vy > because of the fact that C-vertex operator does
not have Winding modes in its form, which means that all the terms including p’, p’ of this
paper have not been showed up in < VoVaVaVy >. We have shown that the amplitude
of C'A¢¢ has infinite massless poles in various channels. Namely making use of the all
order two gauge two scalar couplings [29], we were able to match all infinite massless gauge
poles in (¢t 4 s+ wu)-channel in string theory amplitude with field theory computations. We
have also produced all infinite massless scalar poles in t,s-channels in both field and string
theory sides. Apart from those things, we showed that the amplitude has again infinite
massless gauge poles in u-channel for p = n + 2 case and then we went through new WZ
couplings for this case like Tr (Cp—3 A F' A D¢ A D¢;) and all its infinite higher derivative
corrections have been explored in (4.1).

It has been eventually clarified that the couplings of two scalars and one gauge field
can not hold any corrections, thus all non-leading (gauge/scalar) poles have provided the
most needed information to indeed get the all order o’ higher derivative corrections to
Tr (Cp—3 AF A F) and (Tr (¢ ¢")0;Hiagap + (0 + 1)Tr (90 ®’ ¢") Hyja, a ) -

We also found further results, basically in order to produce all infinite ¢, s-channel scalar
poles we found (4.28). To get all infinite contact interactions for p = n case, (5.2), (6.1) are
derived. New couplings and all their infinite o’ corrections are discovered in (6.4)—(7.1). In
order to actually derive all contact terms for p + 2 = n case, we have also obtained several
new Wess-Zumino couplings in (7.15), (7.13) with all their infinite corrections in (7.15)
and (7.16) and also (7.9) is derived to all orders. These new interactions which are nei-
ther inside Myers’'terms nor within pull-back/Taylor expansion must be looked for only
by performing direct string computations. It would be nice to perform either CAA¢p¢p or
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CAAA@® to get some more information, remove some of the ambiguities which are ad-
dressed in this paper and finally to see whether or not covariant derivatives should be kept
inside the new couplings of this paper.

Acknowledgments

It is my pleasure to thank Rob Myers for several useful discussions and for sharing his
ideas on some new WZ couplings with me. The author would like to thank J.Polchinski,
K.S.Narain, E.Gava and F.Quevedo for valuable discussions. He acknowledges E.Witten,
G.W.Moore, W.Taylor and J.Maldacena for useful discussions during Strings 2012 held at
Munich also thanks L. Alvarez-Gaumé, N.Lambert and G.Veneziano for several valuable
comments. He also thanks Perimeter Institute for warm hospitality during his visit where
some part of this work was taken place there.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License which permits any use, distribution and reproduction in any medium,
provided the original author(s) and source are credited.

References
[1] J. Polchinski, Dirichlet branes and Ramond-Ramond charges,
Phys. Rev. Lett. 75 (1995) 4724 [hep-th/9510017] [INSPIRE].

[2] E. Witten, Bound states of strings and p-branes, Nucl. Phys. B 460 (1996) 335
[hep-th/9510135] [INSPIRE].

[3] J. Polchinski, TASI lectures on D-branes, hep-th/9611050 [INSPIRE].

[

[5] M. Li, Boundary states of D-branes and Dy strings, Nucl. Phys. B 460 (1996) 351
[hep-th/9510161] [INSPIRE].

i

C.P. Bachas, Lectures on D-branes, hep-th/9806199 [INSPIRE].

[6] M.B. Green, J.A. Harvey and G.W. Moore, I-brane inflow and anomalous couplings on
D-branes, Class. Quant. Grav. 14 (1997) 47 [hep-th/9605033] [INSPIRE].

[7] E. Witten, Small instantons in string theory, Nucl. Phys. B 460 (1996) 541
[hep-th/9511030] [iNSPIRE].

[8] M.R. Douglas, Branes within branes, hep-th/9512077 [INSPIRE].

[9] R. Minasian and G.W. Moore, K theory and Ramond-Ramond charge, JHEP 11 (1997) 002
[hep-th/9710230] [INSPIRE].

[10] E. Witten, D-branes and k-theory, JHEP 12 (1998) 019 [hep-th/9810188] [INSPIRE].
[11] R.C. Myers, Dielectric branes, JHEP 12 (1999) 022 [hep-th/9910053] [INSPIRE].

[12] W. Taylor and M. Van Raamsdonk, Multiple DO-branes in weakly curved backgrounds,
Nucl. Phys. B 558 (1999) 63 [hep-th/9904095] [INSPIRE].

[13] W. Taylor and M. Van Raamsdonk, Multiple Dp-branes in weak background fields,
Nucl. Phys. B 573 (2000) 703 [hep-th/9910052] [InSPIRE].

— 28 —


http://dx.doi.org/10.1103/PhysRevLett.75.4724
http://arxiv.org/abs/hep-th/9510017
http://inspirehep.net/search?p=find+EPRINT+hep-th/9510017
http://dx.doi.org/10.1016/0550-3213(95)00610-9
http://arxiv.org/abs/hep-th/9510135
http://inspirehep.net/search?p=find+EPRINT+hep-th/9510135
http://arxiv.org/abs/hep-th/9611050
http://inspirehep.net/search?p=find+EPRINT+hep-th/9611050
http://arxiv.org/abs/hep-th/9806199
http://inspirehep.net/search?p=find+EPRINT+hep-th/9806199
http://dx.doi.org/10.1016/0550-3213(95)00630-3
http://arxiv.org/abs/hep-th/9510161
http://inspirehep.net/search?p=find+EPRINT+hep-th/9510161
http://dx.doi.org/10.1088/0264-9381/14/1/008
http://arxiv.org/abs/hep-th/9605033
http://inspirehep.net/search?p=find+EPRINT+hep-th/9605033
http://dx.doi.org/10.1016/0550-3213(95)00625-7
http://arxiv.org/abs/hep-th/9511030
http://inspirehep.net/search?p=find+EPRINT+hep-th/9511030
http://arxiv.org/abs/hep-th/9512077
http://inspirehep.net/search?p=find+EPRINT+hep-th/9512077
http://dx.doi.org/10.1088/1126-6708/1997/11/002
http://arxiv.org/abs/hep-th/9710230
http://inspirehep.net/search?p=find+EPRINT+hep-th/9710230
http://dx.doi.org/10.1088/1126-6708/1998/12/019
http://arxiv.org/abs/hep-th/9810188
http://inspirehep.net/search?p=find+EPRINT+hep-th/9810188
http://dx.doi.org/10.1088/1126-6708/1999/12/022
http://arxiv.org/abs/hep-th/9910053
http://inspirehep.net/search?p=find+EPRINT+hep-th/9910053
http://dx.doi.org/10.1016/S0550-3213(99)00431-9
http://arxiv.org/abs/hep-th/9904095
http://inspirehep.net/search?p=find+EPRINT+hep-th/9904095
http://dx.doi.org/10.1016/S0550-3213(00)00006-7
http://arxiv.org/abs/hep-th/9910052
http://inspirehep.net/search?p=find+EPRINT+hep-th/9910052

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[24]

[25]

[26]

[27]

28]

[29]

[30]

[31]

[32]

J. Polchinski, String duality: a colloquium, Rev. Mod. Phys. 68 (1996) 1245
[hep-th/9607050] [iNSPIRE].

E. Hatefi, On effective actions of BPS branes and their higher derivative corrections,
JHEP 05 (2010) 080 [arXiv:1003.0314] [INSPIRE].

A.A. Tseytlin, Born-Infeld action, supersymmetry and string theory, hep-th/9908105
[INSPIRE].

A.A. Tseytlin, On non-abelian generalization of Born-Infeld action in string theory,
Nucl. Phys. B 501 (1997) 41 [hep-th/9701125] [INSPIRE].

R. Leigh, Dirac-Born-Infeld action from Dirichlet o-model,
Mod. Phys. Lett. A 4 (1989) 2767 [INSPIRE].

P. Howe, U. Lindstrém and L. Wulff, On the covariance of the Dirac-Born-Infeld-Myers
action, JHEP 02 (2007) 070 [hep-th/0607156] [INSPIRE].

M. Cederwall, A. von Gussich, B.E. Nilsson and A. Westerberg, The Dirichlet super
three-brane in ten-dimensional type IIB supergravity, Nucl. Phys. B 490 (1997) 163
[hep-th/9610148] [INSPIRE].

M. Aganagic, C. Popescu and J.H. Schwarz, D-brane actions with local kappa symmetry,
Phys. Lett. B 393 (1997) 311 [hep-th/9610249] [INSPIRE].

M. Aganagic, C. Popescu and J.H. Schwarz, Gauge invariant and gauge fixed D-brane
actions, Nucl. Phys. B 495 (1997) 99 [hep-th/9612080] [INSPIRE].

M. Cederwall, A. von Gussich, B.E. Nilsson, P. Sundell and A. Westerberg, The Dirichlet
super p-branes in ten-dimensional type IIA and IIB supergravity,
Nucl. Phys. B 490 (1997) 179 [hep-th/9611159] [INSPIRE].

E. Bergshoeff and P. Townsend, Super D-branes, Nucl. Phys. B 490 (1997) 145
[hep-th/9611173] [INSPIRE].

E. Hatefi, Closed string Ramond-Ramond proposed higher derivative interactions on
fermionic amplitudes in IIB, arXiv:1302.5024 [INSPIRE].

A. Bilal, Higher derivative corrections to the non-abelian Born-Infeld action,
Nucl. Phys. B 618 (2001) 21 [hep-th/0106062] [INSPIRE].

O. Chandia and R. Medina, Four point effective actions in open and closed superstring
theory, JHEP 11 (2003) 003 [hep-th/0310015] [INSPIRE].

L.A. Barreiro and R. Medina, 5-field terms in the open superstring effective action,
JHEP 03 (2005) 055 [hep-th/0503182] [INSPIRE].

E. Hatefi and 1. Park, More on closed string induced higher derivative interactions on
D-branes, Phys. Rev. D 85 (2012) 125039 [arXiv:1203.5553] [INSPIRE].

E. Hatefi and 1. Park, Universality in all-order o/ corrections to BPS/non-BPS brane world
volume theories, Nucl. Phys. B 864 (2012) 640 [arXiv:1205.5079] [INSPIRE].

E. Hatefi, On higher derivative corrections to Wess-Zumino and tachyonic actions in type-II
super string theory, Phys. Rev. D 86 (2012) 046003 [arXiv:1203.1329] [INSPIRE].

M.R. Garousi and E. Hatefi, More on WZ action of non-BPS branes, JHEP 03 (2009) 008
[arXiv:0812.4216] [INSPIRE].

— 29 —


http://dx.doi.org/10.1103/RevModPhys.68.1245
http://arxiv.org/abs/hep-th/9607050
http://inspirehep.net/search?p=find+EPRINT+hep-th/9607050
http://dx.doi.org/10.1007/JHEP05(2010)080
http://arxiv.org/abs/1003.0314
http://inspirehep.net/search?p=find+EPRINT+arXiv:1003.0314
http://arxiv.org/abs/hep-th/9908105
http://inspirehep.net/search?p=find+EPRINT+hep-th/9908105
http://dx.doi.org/10.1016/S0550-3213(97)00354-4
http://arxiv.org/abs/hep-th/9701125
http://inspirehep.net/search?p=find+EPRINT+hep-th/9701125
http://dx.doi.org/10.1142/S0217732389003099
http://inspirehep.net/search?p=find+J+Mod.Phys.Lett.,A4,2767
http://dx.doi.org/10.1088/1126-6708/2007/02/070
http://arxiv.org/abs/hep-th/0607156
http://inspirehep.net/search?p=find+EPRINT+hep-th/0607156
http://dx.doi.org/10.1016/S0550-3213(97)00071-0
http://arxiv.org/abs/hep-th/9610148
http://inspirehep.net/search?p=find+EPRINT+hep-th/9610148
http://dx.doi.org/10.1016/S0370-2693(96)01643-7
http://arxiv.org/abs/hep-th/9610249
http://inspirehep.net/search?p=find+EPRINT+hep-th/9610249
http://dx.doi.org/10.1016/S0550-3213(97)00180-6
http://arxiv.org/abs/hep-th/9612080
http://inspirehep.net/search?p=find+EPRINT+hep-th/9612080
http://dx.doi.org/10.1016/S0550-3213(97)00075-8
http://arxiv.org/abs/hep-th/9611159
http://inspirehep.net/search?p=find+EPRINT+hep-th/9611159
http://dx.doi.org/10.1016/S0550-3213(97)00072-2
http://arxiv.org/abs/hep-th/9611173
http://inspirehep.net/search?p=find+EPRINT+hep-th/9611173
http://arxiv.org/abs/1302.5024
http://inspirehep.net/search?p=find+EPRINT+arXiv:1302.5024
http://dx.doi.org/10.1016/S0550-3213(01)00472-2
http://arxiv.org/abs/hep-th/0106062
http://inspirehep.net/search?p=find+EPRINT+hep-th/0106062
http://dx.doi.org/10.1088/1126-6708/2003/11/003
http://arxiv.org/abs/hep-th/0310015
http://inspirehep.net/search?p=find+EPRINT+hep-th/0310015
http://dx.doi.org/10.1088/1126-6708/2005/03/055
http://arxiv.org/abs/hep-th/0503182
http://inspirehep.net/search?p=find+EPRINT+hep-th/0503182
http://dx.doi.org/10.1103/PhysRevD.85.125039
http://arxiv.org/abs/1203.5553
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.5553
http://dx.doi.org/10.1016/j.nuclphysb.2012.07.010
http://arxiv.org/abs/1205.5079
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.5079
http://dx.doi.org/10.1103/PhysRevD.86.046003
http://arxiv.org/abs/1203.1329
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.1329
http://dx.doi.org/10.1088/1126-6708/2009/03/008
http://arxiv.org/abs/0812.4216
http://inspirehep.net/search?p=find+EPRINT+arXiv:0812.4216

[33] M.R. Garousi and E. Hatefi, On Wess-Zumino terms of brane-antibrane systems,
Nucl. Phys. B 800 (2008) 502 [arXiv:0710.5875] [INSPIRE].

[34] E. Hatefi, On D-brane anti D-brane effective actions and their corrections to all orders in
alpha-prime, arXiv:1211.5538 [INSPIRE].

[35] E. Hatefi, A. Nurmagambetov and 1. Park, ADM reduction of IIB on HP? to dS braneworld,
arXiv:1210.3825 [INSPIRE].

[36] 1. Park, Geometric counter-vertex for open string scattering on D-branes,
Eur. Phys. J. C 67 (2010) 543 [arXiv:0902.1279] [INSPIRE].

[37] P. Koerber and A. Sevrin, The non-abelian D-brane effective action through order o't
JHEP 10 (2002) 046 [hep-th/0208044] [INSPIRE].

[38] A. Keurentjes, P. Koerber, S. Nevens, A. Sevrin and A. Wijns, Towards an effective action
for D-branes, Fortsch. Phys. 53 (2005) 599 [hep-th/0412271] [INSPIRE].

[39] F. Denef, A. Sevrin and J. Troost, Non-abelian Born-Infeld versus string theory,
Nucl. Phys. B 581 (2000) 135 [hep-th/0002180] [INSPIRE].

[40] E. Hatefi, A. Nurmagambetov and I. Park, N3 entropy of M5 branes from dielectric effect,
Nucl. Phys. B 866 (2013) 58 [arXiv:1204.2711] [iINnSPIRE].

[41] E. Hatefi, A. Nurmagambetov and I. Park, Near-eztremal black-branes with n3 entropy
growth, Int. J. Mod. Phys. A 27 (2012) 1250182 [arXiv:1204.6303] [INSPIRE].

[42] J. McOrist and S. Sethi, M-theory and type IIA flux compactifications, JHEP 12 (2012) 122
[arXiv:1208.0261] [INSPIRE].

[43] A. Fotopoulos, On (a')? corrections to the D-brane action for nongeodesic world volume
embeddings, JHEP 09 (2001) 005 [hep-th/0104146] INSPIRE].

[44] H. Liu and J. Michelson, *-trek 3: the search for Ramond-Ramond couplings,
Nucl. Phys. B 614 (2001) 330 [hep-th/0107172] [INSPIRE].

[45] S. Stieberger, Open & closed vs. pure open string disk amplitudes, arXiv:0907.2211
[INSPIRE].

[46] J. Polchinski and M.J. Strassler, The string dual of a confining four-dimensional gauge
theory, hep~th/0003136 [INSPIRE].

[47] K. Pilch and N.P. Warner, N = 1 supersymmetric renormalization group flows from IIB
supergravity, Adv. Theor. Math. Phys. 4 (2002) 627 [hep-th/0006066] INSPIRE].

[48] O. Aharony and A. Rajaraman, String theory duals for mass deformed SO(N) and USp(2N)
N =4 SYM theories, Phys. Rev. D 62 (2000) 106002 [hep-th/0004151] [INSPIRE].

[49] 1. Bena, The M-theory dual of a three-dimensional theory with reduced supersymmetry,
Phys. Rev. D 62 (2000) 126006 [hep-th/0004142] [INSPIRE].

[50] I. Bena and A. Nudelman, Warping and vacua of (S)YM(2+ 1),
Phys. Rev. D 62 (2000) 036008 [hep-th/0005163] [vSPIRE].

[51] C. Bachas, M.R. Douglas and C. Schweigert, Fluz stabilization of D-branes,
JHEP 05 (2000) 048 [hep-th/0003037] [INSPIRE].

[52] M. Li, Fuzzy gravitons from uncertain space-time, Phys. Rev. D 63 (2001) 086002
[hep-th/0003173] [iNSPIRE].

— 30 —


http://dx.doi.org/10.1016/j.nuclphysb.2008.01.024
http://arxiv.org/abs/0710.5875
http://inspirehep.net/search?p=find+EPRINT+arXiv:0710.5875
http://arxiv.org/abs/1211.5538
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.5538
http://arxiv.org/abs/1210.3825
http://inspirehep.net/search?p=find+EPRINT+arXiv:1210.3825
http://dx.doi.org/10.1140/epjc/s10052-010-1307-5
http://arxiv.org/abs/0902.1279
http://inspirehep.net/search?p=find+EPRINT+arXiv:0902.1279
http://dx.doi.org/10.1088/1126-6708/2002/10/046
http://arxiv.org/abs/hep-th/0208044
http://inspirehep.net/search?p=find+EPRINT+hep-th/0208044
http://dx.doi.org/10.1002/prop.200410225
http://arxiv.org/abs/hep-th/0412271
http://inspirehep.net/search?p=find+EPRINT+hep-th/0412271
http://dx.doi.org/10.1016/S0550-3213(00)00278-9
http://arxiv.org/abs/hep-th/0002180
http://inspirehep.net/search?p=find+EPRINT+hep-th/0002180
http://dx.doi.org/10.1016/j.nuclphysb.2012.08.014
http://arxiv.org/abs/1204.2711
http://inspirehep.net/search?p=find+EPRINT+arXiv:1204.2711
http://dx.doi.org/10.1142/S0217751X12501825
http://arxiv.org/abs/1204.6303
http://inspirehep.net/search?p=find+EPRINT+arXiv:1204.6303
http://dx.doi.org/10.1007/JHEP12(2012)122
http://arxiv.org/abs/1208.0261
http://inspirehep.net/search?p=find+EPRINT+arXiv:1208.0261
http://dx.doi.org/10.1088/1126-6708/2001/09/005
http://arxiv.org/abs/hep-th/0104146
http://inspirehep.net/search?p=find+EPRINT+hep-th/0104146
http://dx.doi.org/10.1016/S0550-3213(01)00403-5
http://arxiv.org/abs/hep-th/0107172
http://inspirehep.net/search?p=find+EPRINT+hep-th/0107172
http://arxiv.org/abs/0907.2211
http://inspirehep.net/search?p=find+EPRINT+arXiv:0907.2211
http://arxiv.org/abs/hep-th/0003136
http://inspirehep.net/search?p=find+EPRINT+hep-th/0003136
http://arxiv.org/abs/hep-th/0006066
http://inspirehep.net/search?p=find+EPRINT+hep-th/0006066
http://dx.doi.org/10.1103/PhysRevD.62.106002
http://arxiv.org/abs/hep-th/0004151
http://inspirehep.net/search?p=find+EPRINT+hep-th/0004151
http://dx.doi.org/10.1103/PhysRevD.62.126006
http://arxiv.org/abs/hep-th/0004142
http://inspirehep.net/search?p=find+EPRINT+hep-th/0004142
http://dx.doi.org/10.1103/PhysRevD.62.086008
http://arxiv.org/abs/hep-th/0005163
http://inspirehep.net/search?p=find+EPRINT+hep-th/0005163
http://dx.doi.org/10.1088/1126-6708/2000/05/048
http://arxiv.org/abs/hep-th/0003037
http://inspirehep.net/search?p=find+EPRINT+hep-th/0003037
http://dx.doi.org/10.1103/PhysRevD.63.086002
http://arxiv.org/abs/hep-th/0003173
http://inspirehep.net/search?p=find+EPRINT+hep-th/0003173

[53] M.T. Grisaru, R.C. Myers and O. Tafjord, SUSY and Goliath, JHEP 08 (2000) 040
[hep-th/0008015] [iNSPIRE].

[54] S.P. Trivedi and S. Vaidya, Fuzzy cosets and their gravity duals, JHEP 09 (2000) 041
[hep-th/0007011] [INSPIRE].

[55] M.R. Garousi and R.C. Myers, World volume potentials on D-branes, JHEP 11 (2000) 032
[hep-th/0010122] [INSPIRE].

[56] L.A. Barreiro and R. Medina, Revisiting the S-matriz approach to the open superstring low
energy effective lagrangian, JHEP 10 (2012) 108 [arXiv:1208.6066] [INSPIRE].

[57] E.Hatefi, Answering fundamental questions in super string theory, work in progress.

[58] M.R. Douglas, A. Kato and H. Ooguri, D-brane actions on Kdihler manifolds, Adv. Theor.
Math. Phys. 1 (1998) 237 [hep-th/9708012] [INSPIRE].

[59] M.R. Douglas, D-branes and matriz theory in curved space,
Nucl. Phys. Proc. Suppl. 68 (1998) 381 [hep-th/9707228| [INSPIRE].

[60] E. Hatefi, Three point tree level amplitude in superstring theory,
Nucl. Phys. Proc. Suppl. 216 (2011) 234 [arXiv:1102.5042] [INSPIRE].

[61] H. Dorn, NonAbelian gauge field dynamics on matriz D-branes,
Nucl. Phys. B 494 (1997) 105 [hep-th/9612120] [INSPIRE].

[62] C. Hull, Matriz theory, U duality and toroidal compactifications of M-theory,
JHEP 10 (1998) 011 [hep-th/9711179] [INSPIRE].

— 31 —


http://dx.doi.org/10.1088/1126-6708/2000/08/040
http://arxiv.org/abs/hep-th/0008015
http://inspirehep.net/search?p=find+EPRINT+hep-th/0008015
http://dx.doi.org/10.1088/1126-6708/2000/09/041
http://arxiv.org/abs/hep-th/0007011
http://inspirehep.net/search?p=find+EPRINT+hep-th/0007011
http://dx.doi.org/10.1088/1126-6708/2000/11/032
http://arxiv.org/abs/hep-th/0010122
http://inspirehep.net/search?p=find+EPRINT+hep-th/0010122
http://dx.doi.org/10.1007/JHEP10(2012)108
http://arxiv.org/abs/1208.6066
http://inspirehep.net/search?p=find+EPRINT+arXiv:1208.6066
http://arxiv.org/abs/hep-th/9708012
http://inspirehep.net/search?p=find+EPRINT+hep-th/9708012
http://dx.doi.org/10.1016/S0920-5632(98)00173-X
http://arxiv.org/abs/hep-th/9707228
http://inspirehep.net/search?p=find+EPRINT+hep-th/9707228
http://dx.doi.org/10.1016/j.nuclphysBPS.2011.04.166
http://arxiv.org/abs/1102.5042
http://inspirehep.net/search?p=find+EPRINT+arXiv:1102.5042
http://dx.doi.org/10.1016/S0550-3213(97)00171-5
http://arxiv.org/abs/hep-th/9612120
http://inspirehep.net/search?p=find+EPRINT+hep-th/9612120
http://dx.doi.org/10.1088/1126-6708/1998/10/011
http://arxiv.org/abs/hep-th/9711179
http://inspirehep.net/search?p=find+EPRINT+hep-th/9711179

	Introduction
	Complete form of the CA phi phi amplitude to all orders of alpha'
	Infinite massless gauge poles for p-2=n case

	New couplings for BPS-branes for n=p-2 case
	Infinite massless gauge poles for p=n case
	Infinite massless t,s-channel scalar poles for p+2=n case

	Contact interactions for p=n case
	New couplings for p=n case
	Contact terms for p+2=n case
	Conclusion

