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Abstract: <span>Knowledge of all-alpha' higher derivative corrections to leading order BPS and non-BPS brane actions would serve in
endeavor of determining the complete form of the non-abelian BPS and tachyonic effective actions. In this talk, we note that there is a univ
in the all-alpha' order corrections to BPS and non-BPS branes. | talk about computing all amplitudes between one Ramond-Ramond C-fielc
operator and several SYM gauge/scalar vertex operators. Specifically, we evaluate in closed form string correlators of two-point amp
ANC\phi}$, $\cal AMCA}, a three-point amplitude AMC\phi\phi} and a four-point amplitude AMC\phi\phi\phi}. We carry out pole and contact
term analysis. In particular we reproduce some of the contact terms and the infinite massless poles of AMC\phi\phi\phi} by SYM vertices ob
through the universality.</span>
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In this talk, | go through universality in the all
order . corrections to BPS and non-BPS branes.

| give various examples of 2,3 and 4 point
functions including the amplitudes between

one C -closed string and several SYM gauge/scalar
or Tachyon vertex operators, also | give a

selection rule for the non-BPS amplitudes.

In particular | explain some details how to reproduce
some of the contact terms and the infinite massless
poles of the amplitudes by SYM vertices obtained
through the universality.
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» Motivation

» Effective actions (DBI+CS),Myers effect

» S-Matrix approach(Interaction between open/closed )
» Selection Rules for non-BPS amplitudes

» Universality in Higher derivative corrections

» Field Theory and new couplings in Super string theory

» Open questions &Conclusion
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Motivations

1) Find Universality in all-order o' corrections to BPS/non-BPS brane world volume theories.

2) It seems that the description of world volume dynamics of D-brane is
still lacking at some fundamental level .

3) Trying to find out new couplings in the /DBI/CS effective actions
4) Another more ambitious direction would be to make progress
in the complete form of the non-abelian DBI and tachyonic effective actions.

5) Discovering closed form of higher derivative corrections for all BPS/non-BPS amplitudes.
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8)The dielectric effect has been found to play a key role in a number of string
theory contexts such as

resolution of certain singularities in Ads/CFT has been explained in terms of
external RR and/ or NS fields polarizing D3-branes,similar results have also
been discussed in an M-theory framework.

9)Myers terms are important in discussing the Stabilization of D-branes in
the space —time background corresponding to a WZW model as well as

AdS,, » S™ background including RR fields.

10) | believe that the result of these works will provide the basis for future
research on, e.g., next-to-leading order dielectric effect (C4\phi) and other
related topics in string theory.
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11) Study of higher derivative corrections might shed new light in
understanding properties of string theory in time-dependent
background and in particular for Tachyons.

12) We are able to produce the string theory corrections to the

field theory perturbatively in o by means of scattering

amplitude argument.

13) Working out with dualities,...

14) higher derivative terms are not included in BSFT formalism so
the only way to find hdcs with exact coefficients is indeed
S-Matrix computations in super string theory.

15) Fermionic amplitudes and universality.
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open string closed string

A p-dimensional extended object existin bosonic,IlIA,
l1B, type | String theories.

Dp-branes are Fundamental non Perturbative objects(the
source of RR (p+1)-form fields ) where the end points of
open strings attached them.
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BPS Dp-branes in Il String Theories

IIA(I1B),includes BPS branes (stable) with even p (odd
p),where the only difference with non BPS branes is the
absence of Tachyon.

BPS branes have orientation ,while anti branes carry anti
charge and their orientationis reverse of BPS branes.
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Effective actions

The world-volume theory of a Dp-brane involves ( a.

which describe transverse oscillations of the brane and their super
partner fermions. At leading order, the low-energy action for these fields corresponds to the
dimensional reduction of a ten-dimensional U(1) super-Yang Mills theory.
There are higher ' |? order corrections.

When derivatives of the field strengths (and second derivatives of the
scalars) are small on the string scale, the action takes Born-Infeld

form.
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N coincident Dp-bran
ingle Dp-brane is enhanced to the

12 non-abelian Dp-bran

The low energy action describing the dynamics of Dp-branes consists of two parts.
The first part is Born-Infeld action:

1:‘ /:!‘:'I e S1r (‘ \ det l'f'[f‘.'“;, <+ f'.',_..ux) 1 "I'O"-'.;L,‘;‘l,] + \I"ml,l lli-flfxl"'“) ;

{',‘“;, — ("“;. + J’)‘”‘!, . !_13:_'. ";.-' + ;\[1[1:_ 1]»“] [.‘."-‘."
where A = 2w, f‘ is the brane tension, I'[ . ] indicates pull-back of background metrie
and NSNS two-form (a.b = 0, .., 9), F,, is the field strength of gauge field and STr(...) 1s

symmetric trace prescription
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Sp1 = ~-1,, /:F" lo ST (i \ det (P [Egp + Egi(Q1 = 0)VE ] + AF ) ~iﬁ-r|r13";|) ;

v--“ll

.{'.‘“‘s, —- (;‘J' + })‘”‘!' . l'\_):'. ";.-' -+ 1 \ [I[):l 1];‘;] [_'.‘
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Note that the derivatives of the gauge field strength, and the
second derivatives of the scalars are not included in this action.
Applying S-Matrix method , we embed them in DBI.

Various couplings in the above action for BPS branes are
consistent with the disk level S-matrix elements
in string theory.

In order to find the interactions expected from the DBI action,
we expand the action for fluctuations around ©Cas 7 and By 0
we set background field to zero which means that we work
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The second part is the Wess-Zumino action, which contains the coupling of the
U(N) massless world volume vectors to the closed string RR field

[J.Polchinski, hep-th/9510017& . M. Li, hep-th/9510161].
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Effective Field Theory on the World-Volume

The states that appeared in our S-matrix element as on-shell states are in fact gauge
field, scalar fields and Tachyon from DBI action and RR field which is coming from the
Wess -Zumino action.

._k!’(-‘\- '_J“_!‘/ [) [Z(_'“‘lﬂ'!:] (‘:T'ii'"

Swz = u;'/ O AT Pes
i
Vespsl)

p

of branes and F is the field strength of the gauge field which defined F = ]“.!"...‘.'I.l"' \ dzb

gauge fields and so on. Therefore the effective theory has two parts

where £,y is the world volume, Tr is over the Chan-Paton factors, yu,, is the RR charge

Using the Taylor expansion one finds various couplings including two gauge fields, three
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The scalar variables have now geometrical interpretation as the
transverse coordinate of the D-brane in the effective theory.

In the non abelian theory the scalars are in the adjoint representation of the

U(N) gauge symmetry. These scalars appear in the action in three different ways:

1%t: there is the explicit appearance in the exponential in
Wess-Zumino action . Here, that symbol of shows the
interior product by of scalar which is a vector in the
transverse space and acts on an n-form

+‘ ‘|;a‘n = t!,!"" . ..‘!J,....
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2'd covariant derivatives of the non abelian scalars appear in the pull-back.
lhat is,

PlEla = Ea + ANEy; Dyd' + X\ Ep D®' + A° E;; D4 Dy,

3rd, the action includes the transverse derivatives of the closed string
fields through the Tay : n of these fields so the

metric functional appears in the D-brane action will be given by a

non abelian Taylor expansion

exp [ 9| Gl (0% )

.

AN r
N P D (G e Ooin )GPL (0%, )| eio
’ ,I I ! / [ A
n i

In order to have some non trivial interactions, we will need at least three open
string states(CAAA,...) and a single closed string state. One may point out that the
leading low energy terms for the scalar field arise from the Born-Infeld action are
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; 1 ; I P R
A J’:. [‘ﬁ" I“r 11 ('_}[)'WI;‘])“([" = _lltli‘_1]1-'”{]:"11»'])

where the pull-back of closed string fields is defined in the static gauge in
which the derivatives are covariant derivative e.g.,

non-abelian gauge kinetic Plnas) = tab + 270’ Dae' Dy’
interaction

'—':T—‘:-:l Ii IJ”4_'J"I)"|)‘_ |

which of course arises from a dimensional reduction FF in ten dimensions.

This is consistent with the expansion of the Born-Infeld action around
flat space, as long as the pull-backs are embedded to involve gauge
covariant derivatives of the non-abelian scalar fields.

[lulln" = H‘Atll" + I[.‘l',.‘[':].
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Hence, the non abelian scalar field theory includes the interactions
with the gauge field, which are the standard three-point interaction

Tr (07" [Aq, )

Thus we expect from the field theory that the processes where two of
the open string scalar states scatter to emit a massless virtual
particle(gauge field) which is going to be absorbed by a lower ordel
world-volume interaction involving the RR field and gauge/scalar.
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Dielectric effect(Myers effect)

Hence in the non abelian theory, a Dp-brane can couple to the RR
potentials C_n with n = p+3, p+5, . . . through the additional
commutator interactions. The DO-brane action includes a linear
coupling to C_3, the potential corresponding to D2-brane charge,

i e | ,\ § (3) > 5 (3) T .
P o / T P [i.[.i.;.( "B = h),”[l / dt Ty (( ‘!7;{1.(‘[,' ) I‘I’L. ‘I’J‘\ + A( ', ‘:;I'.{(I'.f] ])f'l"r' “l’i' . ‘I"“)

The first term on the R.H.S has the form of a source for D2-brane charge,
and is essentially the interaction central to the construction of M2-branes

in matrix theory with the large N limit.
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These new couplings will force the Dp-branes to respond to a nontrivial
background RR field .

That is, with nontrivial background fields, the commutator couplings induce
new terms in the scalar potential, and hence generically one can expect that
new extrema will be generated . In particular, there may be nontrivial
extrema with non commuting expectation values of the ¢, e.g., with

Trd' = 0 but Tr(d")* # 0.

This physical response corresponds to the external field “polarizing” the Dp-

branes to expand into a noncommutative world-volume geometry . Known as

the “dielectric effect” , it is a direct analog of the dielectric effect in ordinary
electromagnetism.

This effect was first illustrated in Myers’ paper with a simple toy calculation
involving DO-branes in a background four-form field strength F 4.
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The most serious short-coming for the toy calculations in Myers” paper is that
the background fields were not a consistent solution of the low energy
equations of motion. One can find solutions with a constant background

F™ in M-theory, namely the AdS,; xS™ and AdS; xS* backgrounds
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One method for finding these effective actions is BSFT

[P. Kraus and F. Larsen, hep-th/0012198].

To study WZ couplings for BPS branes , we use the S-matrix method
as the second approach.

Analysis of < VeV, >, < VeVa > and < VeV, V,

We start by considering relatively simple amplitud

The Three Point Superstring Scattermg (C\phi\phi)

One important tool in string theory is scattering theory [G. Ven:
Using the conformal field theory techniques [V. A. Kost:
evaluate this scattering amplitude to find

all couplings of one closed string RR field to two scalar fields on the world-

volume of asingle BPS Dp-brane with in flat empty space background.
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Four Point amplitude
One method for studying the ef |
e is the S-n od.
We can calculate the scattering amplitudes of strings by
Conformal Field Theory methods

i ,\\ ///‘. // ) -
N\ // — / \
\ A4 _ e 3 ’

(a) ( -
/ A\
{ N

From CFT theory technique, one can evaluate the
correlation functions Of C\phi\phi.
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As an example ,for we need then to consider a world-sheet
with the topology of a disk with vertex operator insertions on its
boundary, which correspond to external states.

Fig. 1: World-sheet corresponding to the scattering of four open strings.

We can find effective action on the D-branes by their
scattering . This is conformaly equal to looking to their
scattering from a disk.
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To calculate a S-matrix element, one needs to choose the picture
of the vertex operators . The sum of the super ghost charge must
be -2 for disk level amplitude.

It is well known that in the world volume of BPS D-branes, the S
matrix elements are independent of the choice of the picture of the

vertex operators.

However, in the world volume of non-BPS D-branes, the S-matrix
elements are independent of the choice of the picture of the vertex
operators only when they include the internal CP factor.
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Selection Rules for non-BPS amplitudes

The internal CP matrix of an open string of non-BPS D-brane can be read from the
external CP matrix of D-brane-anti-D-brane. The open strings of the brane-anti-brane
can be labeled by the external 2 x 2 Chan-Paton factors

@: (g 1) ®: (o 0) @} o) @: (g o)

The massless states carry CP factor (a), (b), and the tachyons carry (c) and (d) factors.
The projection operator (-1)'" has no effect on the world-sheet fields, however, using
the fact that it exchanges brane with anti-brane, one observes that its effect on the CP
matrix A is the following:

A= oAy ]7]

The states with CP matrices | and ol are survived. The massless fields then carry the
internal CP matrix | and the real tachyon of non-BPS Dbrane carries the CP factor o1l.
Using the fact that Picture changing operator on a non-BPS brane carries 03 we find
that Tachyonin (-1) picture carries 62 and gauge and scalar in (-1) picture carry o3.
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Using the internal CP matrices, one can easily check that the CP factor of tree level S-matrix
element of one RR, odd number of tachyons and an arbitrary number of closed string NSNS
states is zero for DD™ system as expected,(even all correlators are non zero, but applying
this selection rule we discover that this amplitude has zero value without doing
computations)

Moreover, the internal CP factor of tree level S-matrix element of one RR, even number of
tachyons and an arbitrary number of closed string NSNS states is zero for non-BPS D-brane.

Using the fact that also in non-BPS Dbrane case the coupling between two Ramond

vertex operators and one gauge field vertex operator is non zero we understand that

The internal CP matrix of the Ramond vertex operators should be defined as

- =2 21k .
it /,le * XA ® o3

A =02 0 2ik. X -~
U« /.‘ﬂlr' AR T
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So in the world volume of non-BPS D-brane or D-brane-anti-
D-brane there is no coupling between two fermions, an
arbitrary number of gauge and/or scalar and odd number of
tachyons .

The vertex operators of a non-BPS D-brane carry internal CP matrix.
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Every vertex must include information about the properties of strings. Form of
every vertex is calculated by using the conformal invariance of S-matrix.

Some examples of these vertices are as follow,

Closed String Ramond-Ramond Field Vertex:

l‘ji.-nl". >, 2) = (P ].f.,,._\[},l"'f.

Open string Tachyon Vertex:

.."U;I' 2tk Xy |’\

il 1) :
! ;" I( y) = T9

for Open Massless Gauge Field String Vertex:

“(‘}.‘\lilfl +'~',/_,‘,.,M)|_w. JOTEN.

A | isthe external CP matrix in the U(N) group.
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Effective action for non-BPS branes

Spgr ~ [ "*'oSTh (um")\n b =T, 1Y) (T2, TY))

x\/= det(as + 270" Fay + 270’ DTHQ=")I Dy TY) )
where V(TTY) = ¢=*1"T"/2 and

(L)” = Id”—!ifl.l’j]

The superscriptsi, j=1, 2,i.e.,,T1=Tol, T2 = To2 and there is no sum overi, j.

After expanding the square roots one must choose two of the tachyons to be T2. The
trace in above equation must be completely symmetric between all matrices .

The above action is consistent with the momentum expansion of

the some of S-matrix element non-BPS branes [M.R.Garousi and EH,0812.4216,JHEP]
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the some of S-matrix element non-BPS branes [M.R.Garousi and EH,0812.4216,JHEP]
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Effective action for brane- anti-brane

Sppr = = /aﬂ”lnll] (‘,(I)\ -‘I"l“}.,h 4 ‘_’.‘.rl'['.”,, : '_’.'.u'f)u']—]),"f})

The trace in the above action should be completely svmmetric between all matrices of the

form Fu. D, T, and individual 7 of the tachyon potential, These matrices are

\ Fy 0 . 0 D. Ty . 0 T
['u'; - (2) . !)”T - ( i - ) . I - ( I )
0 F (D7) 0 / 0
where ‘,.f.‘l,) — d,,.'lill — r'),_,lf‘” and D, T = d,T = i .lf,” - _1“‘:'}1. If one uses ordinary trace,
instead, the above action reduces to the action proposed by A.Sen after making the
kinetic term symmetric and performing the trace, This latter action is not consistent with
S-matrix calculation. The tachyon potential which is consistent with S-matrix element

calculations has the following expansion:

) y 1 L i T
l_'[|j‘|] = ]+ ,Tu'm'“l{" + :l:u m‘lll':l'

where T <

i’ is the p-brane tension ., m~ is the mass squared of tachvon. i.e., m-° = ——]/['Ju‘},

ra'm?|T|?

The above expansion is consistent with the potential V(|T]) = « which is the

tachyon potential of BSFT

[M.R.Garousi and EH,0710.5875,NPB]
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Effective action for brane- anti-brane

Sppr = = /-af‘”ln‘“ (‘,(I}l\ -‘I"l“}.,h 4 ‘_’.‘.rl'!'.”,, + '_’.'.u'f)u']—l)h'r})

The trace in the above action should be completely symmetric between all matrices of the

form Fga. D, T, and individual 7 of the tachyon potential, These matrices are

- Fly 0 . 0 DTN . 0 T
Fup = @ |+ DT = ; BTl
() F, (D7) () / ()
\\‘ht'tl' [(f:’) — {J,,.'lill - r'),__lf‘” .‘lll(l Jr),,f — {ﬁ”[' - f{.l:,” -— _1“‘:']1. ” One uses n:'t[in.lt'\‘ trace,
instead, the above action reduces to the action proposed by A.Sen after making the
kinetic term symmetric and performing the trace, This latter action is not consistent with
S-matrix calculation. The tachyon potential which is consistent with S-matrix element

caleulations has the following expansion:

) y 1 e T
l'[|f‘|] = ]+ ,Tn'm'l”" + s(ma m‘lll':l'

where T e

p'iB the p-brane tension , m* is the mass squared of tachvon, i.e., m* = -—]/['._’u'},

ra'me|T|¢

The above expansion is consistent with the potential V(|T]) = « which is the

tachyon potential of BSFT

[M.R.Garousi and EH,0710.5875,NPB]
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Effective action for brane- anti-brane

'\.HH[ = - /“ﬂ”lf'{l‘l (‘I(’T}\ —(l'll(”.,h 4 ::flfl';Jg, t -_J.-(l,])”‘]—l)h‘r})

The trace in the above action should be completely svmmetric between all matrices of the

form Fu. D, T, and individual 7 of the tachyon potential, These matrices are

- Fy 0 . 0 DTy . 0 T
I'uh - (2) . N..T - ( p . & ) I = ( e )
() F (D,T) () / ()
W(1) ‘ . y ,
\\'hl‘ll' ["f:" = {Ju_'lill _ r),_,lf‘” .‘lll(l j)”[ — rﬁ”[ -1 .lf,” - _1“‘“']1. ” One uses n:tl]n.lt'\‘ trace,
instead, the above action reduces to the action ]l!'u]m.\t'c! by A.Sen after making the
kinetic term symmetric and performing the trace, This latter action is not consistent with

S-matrix calculation. The tachyon potential which is consistent with S-matrix element

calculations has the following expansion:

) y 1 L R
l'[|f‘|] = ]+ ,Tu'm'“l{" 4 :l:u m‘“l':l'

where T 2

51N the p-brane tension , m* is the mass squared of tachyon, i.e., m* = -—]/['_’u'],

ra'mé|T|¢

The above expansion is consistent with the potential V(|T]) = « which is the

tachyon potential of BSFT

[M.R.Garousi and EH,0710.5875,NPB]
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Hence, the S-matrix element of < Vcle > s given by :

A iy #l=1) .‘-4‘.-*' \
AC® o [ dzydzdz (VS (@) VT P(z, 5))

Open String

Closed String

D-brane
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