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1. Introduction

A distinguished feature of D - branes in Superstring

theories is that they couple to RR - fields given by the
Chern-Simons terms.

With the recent interest in the noncommutative
descriptions of D - branes, a natural question to
ask is: How are these couplings described in the
noncommutative language? This question has received
very little attention so far.

We will address this question here.

We will obtain the Chern-Simons terms on noncommau-
tative branes. We will also see that these terms contain

all the information about Myers terms on multiple
branes.
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e In the presence of constant NS-NS B-field the

dynamics of a (Euclidean) Dp-brane can be deseribed
by the following DBI action: (zn'st) sanmm]

WETTEM

Sppr = f"pfdp"'lm ,/dEt'(Gij + Fij — ®;)
. {'2?1')1_%2
Tp —_— GE’
Pﬁj = 3;'&;: — 3j4ﬁ4i — 'i;[.;li, .:}1_—_;']*

and the fields are multiplied using * - product.
1011 9.9"
F(@) * g(x) = €29 £ (2)9(a)

e The parameters G;;, ®;;, Gs and ') are given in terms
of the commutative variables g, B, gs by:

y TR
G+® g+ B
1
_ (det(G + ®))2
Gs = 95 (det{g 3 B])

e & denotes the freedom in the description.
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If we choese ®;; = —B;;, then

6" =(B_1)ij Gi'.j = Bikgktﬂlj

Working in & = —B description Spp; can be put in
the form:

: PfQ
Sppr=Tp [Ptz 7] Vdet(g;; + (Q~1)j)

Where Q"*J — gl —ﬂ'ﬁc FH gli — —i[}:ﬂ X—f} with X7 =
7t + 0% A, and T = (27) 2° /g,

Using:

[z — Tr(2m)"% Pt

Spar = T [PIQdet(gy; + (@~ 1))

This action can be thought of as the action
for infinitely many D(-1) - branes in a classical

configuration. T Is;::“{l
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Alternatively, we can start with the DBI action for N

D(-1) - branes (with N = o0): ﬂmfwﬂ

[rfees)

S — EF—Tr [Jdet{ﬁf o X.:-'])‘

Now consider the solution corresponding to a Dp-
brane:

Xt=z' for =12 ..p+1
Xl=0 for j=p+2,..10.
such that [2%,27] = 19”—{3 Lyis

Consider fluctuations around this classical solution:

X’i = ".L‘i : o Hik;ik
XJ = ¢l

Substituting these in the action for the D(-1) - branes

gives the noncommutative DBI action of a Dp - brane
in ® = — B description.

This prescription of obtaining noncommutative DBI
action in @ = — B description can be used to obtain
the Chern-Simons terms as well.
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2.1 Chern-Simons terms on BPS branes:

e The CS action for N D(-1) - branes: (N — o0)

CHyeERS)
.o = 2Ty [eiixix) 5~ ()
9s n
o For example let us take the coupling to the RR. 10-form
c(0),
8 = f??_r Xﬂuxiu X’ﬁic{ 0)
OO 93 5l 1112...110

1 . yrig i 10
L __Tf [5!25 i[X", X*2))...(s[X", X mDC’Eﬁz} i1

e To obtain the noncommutative CS5 ferms for a
Dp - brane, we substitute the solution of X* ’s
corresponding to a Dp - brane along with the
fluctuations into the action above.



e In the case of a D9 - brane this gives rise to:

; or 1 AL
L ido...d10,(10)

= alid2:-7 s

10! HE 0 . o)

2oy Pt Q ¢10)]
9s

e Converting into an integral:

- PEQ[ 1 :u s
D9 10 (10)
Séﬁ ) = ,u,gfd T [IUIEJIH jl“lejEmjw]

Recall: Q =6 —6 F 6.

e For obtaining lower form couplings, we repeat the
above exercise starting with that form coupling to
infinite D(-1) - branes. The result can be put in the
following form:

e For the other lower dimensiona! branes the result is:



308 =y, [ PPff‘g [ (asle) 3= 0] @~

Notice that a single noncommutative brane can couple
to all the forms!

2.2 Chern-Simons terms on non-BPS branes:

Type I1 theories have unstable Dp- branes, where p is
odd for type ITA and even for type IIB.

Chern-Simons terms on these non-BPS branes play an
important role in deducing the RR charges of the decay
produets.

The CS terms on a single unstable brane iIn
commutative description are given by:

Ses = 222 [ dT CMeF+E Coes)
TRAT

Where T.,in is the value of the tachyon at the
minimum of the tachyon petential V(T').

We propose that the Chern-Simons action on the
Euclidean D9 brane of type IIA in the noncommutative
description is:
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by = 8 [ PO 1 o) 0!
Sepi= 2Tmmf$ 7 DT C\"™ ¢

where D;T = —i{fQ_])t'j{Xj,T]

A non-trivial check of this action is the following.
Consider a noncommutative soliton which represents

the decay of this D9 brane into N coincident D(-1) -
branes.

Condensing the tachyon over that soliton we will get
N coincident D(-1) - branes. Substituting the solitonic
solution along with fluctuations around that should
give us the CS action on them.

It 1s easy to wverify that the proposed action does pass
this check.

The action for other unstable branes can be
obtained by taking appropriate noncommutative
soliton representing lower branes and substituting the
solution along with fluctuations.
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e For illustration let us do the tachyon condensation over

the following soliton, which is supposed to represent
the decay of a D9 - brane into N D7 - branes.

@ML
T;%I = Tmm:rP N + Tmin(1 — PN) [?::l
Xa="Fyxviier t=12..:8
XH=0 for i=9,10

e This solution has the property that [T, X%] = 0.

e Substituting this solution along with the fluctuations

into the C9) coupling in the proposed action for the
unstable D9 - brane, we get

8¢5 = zT —tryy [ (—i) [0X, 06X

_ (=) Q" 2 (X3, 6T o .
And also

UDT _ Hé 10
S ETﬂmnter X lﬁT] Clﬂ 810

e These are actually the two kinds of couplings that exist
on a stack unstable branes. (rameser - MERSSEN)
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3 General &

Here we want to know the CS couplings in other
descriptions.

As we have seen the RR - form C?11) coupling to a
NC Dp - brane is given by:

5(®)cs = pp [, Vdet(1 — 0F)CP+Y)

We propose that this is the answer in all the other
descriptions, with f given in that description.

To verify this we can consider the variations of the
action w.r.t # and show that they vanish up to total
derivatives and of O(9F) terms.

The variation of the F w.r.t 6 is

1 B A . ) ay: ¥
0F;;(0) = 668 | FyFyy — SAk@F; + DiFyj)| + O(9F)
5 5v]

Since we are going to ignore derivatives of F, we drop
the = products between F’s but leave them in the
def ns of F and in DFj;.
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e Keeping the closed string RR field constant the
variation of the action is given by:

5 |V/det(1 — 0F) }

1 . it 1
= R A TT[——TﬁﬂF+ :
5 Vdet( ) B oF 1 _ 0F

2ok ( a )j
1—9F 1—6F) ™

: sl 1- ﬁ Sh i
0™ 80 (Ey Fy — S ARGy + DiFyy))] + O(0F)
1 , Sk

00F — —OF50F
, T 1-¢F 1-6F

— 00F] + O(9F) + total derivatives

= O(IF) + total derivatives

&5?]

= —%Jdetu — 0F) Ty

= —%\/{let(l — 0F) Tx|

e In the last step we have used the following identities:

8) \/det(1 — OF)

1 ; i =k
— —*§¢dﬂt{1 —_— HF} (' —a) 171 kuafFij

1-6F
Dy /det(1 — 0F)
= _1\/det(1 - 0F) ( 1 ]J 0" Dy
9 = T [ 1]

Rl =TT
+ OO F DR,

and
660 Ay, + DyAy) = 56" Fy
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4 Conclusions

We have obtained the RR couplings of noncommuta-
tive branes in ® = —B description for both BPS and
non-BPS branes.

On the non-BPS branes, by condensing the NC
tachyon over solitonic solutions, we obtained the Myers
terms on coincident non-BPS branes.

We proposed the generalization of some of the
couplings we found to other descriptions.

One of the related interesting question is about the
generalizations of these couplings to non-constant RR
fields. For this, following the proposals of Das and
Trivedi, one will have to attach “Wilson tails” to the

nperatnrb that we found to restore gauge invariance.
R
Also one can carry out string amplitude computations
to check the existence of these couplings. By that one
can gain insight into the form of Wilson tails away

1 1 v SRS |
form ® = — B description. Cumth i pragress.
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