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1 Introduction

Inspired by Bagger and Lambert [1] and Gustavsson [2] (BLG) who constructed the world-
volume theory of multiple coincident M2-branes following earlier works [3, 4], the multi-
ple M2-branes have been extensively studied. The BLG theory is described by a three-
dimensional N/ = 8 superconformal Chern-Simons gauge theory with manifest SO(8) R-
symmetry based on 3-algebra with a positive definite metric, that is, the unique nontrivial
A,y algebra [5]. However, this Chern-Simons gauge theory expresses two M2-branes on a
R8/Z, orbifold [6].

A class of models based on 3-algebra with a Lorentzian metric have been constructed
by three groups [7-9] where the low-energy worldvolume Lagrangian of N M2-branes in
flat spacetime is described by a three-dimensional superconformal BF theory for the su(N)
Lie algebra. Using a novel Higgs mechanism of ref. [10] the BF membrane theory has been
shown to reduce to the three-dimensional maximally supersymmetric Yang-Mills theory
whose gauge coupling is the vev of one of the scalar fields [7, 9, 11]. For the prescription of
the ghost-like scalar fields a ghost-free formulation has been proposed by introducing a new
gauge field for gauging a shift symmetry and then making the gauge choice for decoupling
the ghost state [12-14]. In ref. [15] starting from the maximally supersymmetric three-
dimensional Yang-Mills theory and using a non-Abelian duality transformation due to de
Wit, Nicolai and Samtleben (dNS) [16], the Lorentzian BLG theory has been reproduced.

The relation between the A/ = 6 superconformal Chern-Simons-matter theory [17] and
the N/ = 8 Lorentzian BLG theory has been studied [18-21]. The various investigations
related with the BLG theory have been performed [22-25]

There has been a construction of a manifestly SO(8) invariant non-linear BF La-
grangian for describing the non-Abelian dynamics of the bosonic degrees of freedom of
N coincident M2-branes in flat spacetime, which reduces to the bosonic part of the BF
membrane theory for SU(N) group at low energies [26]. This non-linear Lagrangian is
an extension of the non-Abelian DBI Lagrangian [27, 28] of N coincident D2-branes and
includes only terms with even number of the totally antisymmetric tensor M!/5. Further,



two types of non-linear BF Lagrangians have been presented such that they include terms
with even and odd number of M?/K [29]. A different kind of non-linear gauged M2-brane
Lagrangian has been proposed for the Abelian case [30].

As a related work, it has been shown that starting with the A/ = 8 supersymmetric
Yang-Mills theory on D2-branes and incorporating higher-derivative corrections to lowest
nontrivial order, the Lorentzian BF membrane theory including a set of derivative correc-
tions is constructed through a dNS duality [31] (see [32]). The higher-derivative corrections
to the Euclidean A4, BLG theory have been determined [33] by means of the novel Higgs
mechanism and also shown to match the result of [31]. The couplings of the worldvolume of
multiple M2-branes to the antisymmetric background fluxes have been investigated by us-
ing the low-energy Lagrangian for multiple M2-branes [34, 35] as well as the non-linear BF
Lagrangian [36]. There have been proposals for the non-linear Lagrangians for describing
the M2-brane-anti-M2-brane system [37] and the unstable M3-brane [38].

We will perform the integration over the redundant B, gauge field for the non-linear
BF Lagrangians of ref. [26] and ref. [29], to see how the Lagrangians are described by the
dynamical A, gauge field. We will carry out the B, integration directly for the non-linear
Lagrangian of ref. [26], while the B,, integration will be iteratively performed for the two
types of non-linear BF Lagrangians of ref. [29]. These three B, integrated Lagrangians
will be compared.

2 Non-linear BF Lagrangian with even number of MT/K

We consider the non-linear BF Lagrangian for SU(N) group which describes the non-
Abelian dynamics of the bosonic degrees of freedom of N M2-branes in flat spacetime [26]

L = —T,STr <\/— det <77;w + %DMXIQ;}DVXJ> (det Q)1/4>
2

+Tr (%e‘“’ABqu}) + (6“X£ —Tr (XIBM)) 0"X{

Xi-X - /X, X\?
) DHXI(?“XfL——<+72> o XLorxl |, (2.1)
X2 2\ X2

where XJQr = XJIFX JIF and the M2-brane tension T5 is related to the eleven-dimensional
Planck length scale [, as T = 1/(2m)?[3. The two non-dynamical gauge fields A, B, and
the scalar fields X' (I = 1,...,8) are in the adjoint representation of SU(N) and X1 are
SU(N) singlets. The covariant derivative Du is defined by

X, X

D, X"=D,Xx" - Tia“Xi’ D, x"=D,X"-X1B,, D,X'"=0,X"+i[A,X" (2.2

and the SO(8) tensor Q' is given by

- X x/
Q" =81 + - F(det S - 1), ST =17 4

i
X1 \/EX’
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where m'” is expressed as

m!” = XE MK, MR = XUIXT XR] 4+ X X5 X+ XFIXT X7 (24)

In (2.1) Q;Jl denotes the matrix inverse of @'/ and STr is the symmetrized trace [27].
The non-linear Lagrangian L is invariant under the obvious global SO(8) transformation
and the SU(NV) gauge transformation associated with the A, gauge field, and further the
non-compact gauge transformation associated with the B, gauge field

oXT =x1A, 6B, =D,A, sX1 =0, XTI =Tr(XTA). (2.5)

The terms except for the first non-linear term and the second BF-coupling term in (2.1) are
added to have consistency with the low-energy Lagrangian. In the non-linear Lagrangian
L only the symmetric part of Q;Jl is taken into consideration.

We introduce a Lagrange multiplier p to rewrite the square root term in (2.1) as

1 -~ [ -
- Ty \/ — det <77;w + ?DMXIQI_}DVXJ> (det Q)4
2
T2 1 - - - -
— (ﬁ det (1, + EDMXI DXy~ g) (det Q)4 (2.6)

where a matrix can be treated as a c-number within the symmetrized trace. Owing to
Q;Jl = Q;} the relevant tensor is rearranged as

1~ ay = .
T+ ED“XIQL}DVXJ = 9w + BBy, (2.7)
where
1 = - _ X, X
G =Nw + 7 DX Pry D, X7, D, X" =Dy X' = =50, X1,
2 +
~ I xIO-1x7 D.XIO-1xJ
B, = Qs Xy (Bﬂ _ uK N?{J L+ (2.8)
T XFQpr Xy
with koA
2 51 Qe XEXEQr,
PIJ:Q[}_ ~_1 ) (29)
XY QXY

which is orthogonal to Xf_ as Xf_pu = 0.
The expression (2.6) together with (2.7) is quadratic in B, so that the equation of
motion for the auxiliary field B, is given by

D, X1Q;; x{ 1
g;l,l/ <BV _ QIJ +> — p <xp, _ _eul/)\FyA> , (210)

XKEQ L Xt Ty det g( XK Q3 XE)(det Q)1/4 2
where
ot = o Xt Py XY (2.11)
with a projection operator
XIxd
Pry =61 — —7— (2.12)
+



Substituting the expression (2.10) back into the starting Lagrangian accompanied with the

replacement (2.6) and solving the equation of motion for p we get

- 1
L = STr |—Ty(det @)"/*y/—detg 1+ - T
2T (XK QL X )\ /det Q
D.X'Q;1x! (1
BN (56“”1%—96“) + Lo, (2.13)
XL Qe Xy
where
1 A
‘7:#,/ == Fl“’ - @EMV)\IE s (214)
X, X /X, X\?
Lo =0, X' orx! —Tr ( }i D, X'T0"X{ — 5 (}T> ayciawci) . (2.15)

Here we use the identity for 3 x 3 matrices g, + aF,, with 7, = —-F,,

1
det(gu) <1 + §a2fuy.7:pgg“pg”0> = det(gu + aFuw) (2.16)

to obtain a DBI-type Lagrangian

1
+
VR(XE QLX) (det Q14

- -1
DHXIQIJX:{ <16MV)\F o u)
KA1 yvL 2

X+QKLX+

L = STr | ~Ty(det Q)V/* | —det | g, Fuw

+ Lo. (2.17)

2

The inverse matrix of Q7 in (2.3) is given by

- XIx7 1 mo \"’
-1 +*+ 0
_p 2.18
Qry 1 X2 dotS <1—m0> ’ (2.18)

where an orthogonal relation m!” X j{ = 0 is used and

1J
m
(1220 =l 4 () + (it e

oY C————, (2.19)

JTx2

with (m2)!7 = m{Emi’. Since only the symmetric part of matrix QI_} is taken into
account in the Lagrangian, the expression (2.18) is modified to be

~ Xix! 1 m2 \'"’
-1 +2+ 0
Q=P+ + 2.20

1 7 X2 detS (1 —m%) ’ (2:20)



MIJK

which obeys Q;} = Q;} and includes only terms with even number of as
expressed by
m2 1J
o )= (mg)" + (mg)" + (m)! 4 (2.21)
1—mg
From this expression the following SO(8) invariant factors are simplified as
~ 1
I A—1yJ 2
XiQp Xy = XJFM’
_ . _ 1
D, X'Q 1 xi = D“Xfxim (2.22)
and the tensor Pry in (2.9) is also given by
. - Xtx? 1
Pry=Q;; — —=+ . 2.23

The relations in (2.22) together with det Q = (det S)? make the DBI-type Lagrangian (2.17)
a simple form

1
L = —T»STr —det | g + ——=Fu | (det 5)1/2
\/ T2 X2
D X'XL (1,0 i
e (g (3¢ Ea - ) ) + Lo, (2.24)
Jr
where g,,,, defined in (2.8) is rewritten by
1J
1~ o 1 m? _
Guv = Npv + _DuX Pry— D, X (225)
T TQX_%_ 1+ %
and there is a relation derived from (2.14)
1 1
56“”.7-“M = 56“”1% —ah (2.26)

Thus from the non-linear BF Lagrangian with two nonpropagating gauge fields A,,, B,, we
have integrated the auxiliary B, gauge field to extract the DBI-type Lagrangian expressed
in terms of the SU(/V) dynamical A, gauge field.

Now to perform the low-energy expansion for the non-linear Lagrangian (2.24), we
calculate det S’/ for 8 x 8 matrices by making the 1/T, expansion as

1 1 1
det§ =14 ——(m2y1 _ __* ANIT _ Lo 2N1T\2 997
where m!7 = —m7! is taken into account and (m?)/! = —X2 MIT/ENMITIK /3. There is the

following identity with finite terms for any 3 x 3 matrices A,

1 1
det (1 + Ap) = detr (1 Fir(n T A) = e A+ 3 (1 A))°

+ étr(n’lfl)‘g - %tr(nlA)tr(nlAf) , (2.28)



which gives the 1/T5 expansion for det g, in (2.13)

T2

1 - - 1
det g, = — (1 - FDMXIPUDHXJ +
2 2

1_ _ _ _
<—§DMXI P;yD, X’ D" XX Py DFX T
1 =~ I B AV 1 - I IK,  KJpuyJ 1
+ (D X"Pry D' X7 — — D, X 'm™m DEXT ) + O ( = ) ). (2:29)
2 X+ T2

We see that the SO(8) vectors D, X are contracted with (m?)!/ and the projection op-
erator P!/, It is convenient to express the square root factor including Fuv in (2.13) in
terms of F* = e#"AF,,, /2 — z* which appears as an interaction D, X' XTF*/X? in (2.24),
and expand it through (2.25) and (2.29) as

1 1
14+ ——FuFougttg’® = |1+ ———FnFvg,, 2.30
\/ + 2T2X_2|_ pvd padttg \/ +T2X3_ det g [ ( )
ST FrFYR,, + 1 (g pp,xT P;DVX7
215 X2 elermgx2 \0

_ _ 1 1
~F'FYD,X"'Pr;D, X7 — W(FHF“Y) +0 ( > :
2

+ 73
Gathering the expansions (2.27), (2.29) and (2.30) in (2.24) or (2.13) we obtain the

low-energy effective Lagrangian whose leading part is given by

1 1
F FF -
oxz X

1 1- _
L=—-NTy+Tr (EM”KM”K — §DHXIPUD“XJ +

DMXIXfrF“) + Lo,
(2.31)
where FuF“/ZXf_ is alternatively expressed as —fu,,f“”/lle_ in terms of f,, = F,, +
eu,,AxA. This leading Lagrangian shows the Janus field theory with a spacetime dependent
coupling constant in ref. [11] (see [39]). This Lagrangian is rewritten by the following form

2
+

I o7 Iiyvda yvJ
Sy X XL (X7 ,X!

1 1
L=—-NT,+ Tr<EM”KM”K — §DMXIPUD“XJ +
+

1 1
JxJ A Iy I I I I

—QDMX X+) — EFMVFNU + EEHV FI/)\(DMX X+ — X aMX+)> + 8MX76“X+7

(2.32)

which is further compactly represented by
1 1
L=-NT,+ Tr(EMUKM”K - §DHXID“XI
1 1 UV wyl I I apy I ? I ap I
Jr



The subleading terms of order 1/75 are derived as

1 1 1 2 o _
— STy m! KKl o (M175)?)" 4 2D, X! Py D, X DY X ¥ Pic, D" X"

8T, (X3)2 36
_ _ 1 _ _ 4 _ _
— (DX Pry DX )" 4+ 5 (M%) DX PryDP X 4 5 DX m! T DX
JF
(FF“)Q F, kN2 | AEuE = o S 2 T . Ay
(;‘(3)2 - 3‘3(3 ( ) +—)’(‘i Drx!'P ;DY X7 — #i D, X'Pr;D"X7|.

(2.34)

The last four terms including F* = e f,, /2 in (2.34) are expressed in terms of f,, as

1 1 _ _
——STr| ——(Fur F*)? + 4L foe"P D X P ;D7 X7
8T2X<2F r<4X% (fu f ) + fu fpan 1J

_ _ 1
—fuw f* DAX TPy DA X7 + E(M”K)waf‘“’> , (2.35)

where a f,, is accompanied with a factor 1/ Xf_. The trace is taken symmetrically

between all the matrix ingredients fW,DHXI,MUK so that the expression (2.35) is
described by

1 1 _ _ _ _
712T2X3_Tr _5(2fMme/D)\XID)\XJ+fMVD)\XIfHVD)\XJ)P[J (236)
+ Q212 + £L ) Dy X'D, X7 + £PD, X" D, X7 + fY D, X! f#°D,X7) Ppy

1

oz Clu ™ foo 177+ fuw Foo £ F77) + (2 P (T 4 £, MUK o 1) |
8X2 12

The potential part in (2.34) is also expanded as

241T2 Tr @ ((m")™ +2(m*) (m*)")
_% (MR NEMN N IR PEMN o0 ”K)Z)Z)] : (2.37)

Here we write down the remaining terms

Tr

D.X'D,x'D'"x*Drx* 4+ D, XD, X" D" X' Drx*

127,
+D,x'D,x*pDrxtp X’ — D, X'D"X’ D, X" D" X*

1_ _ _ _
—§DﬂXf D, XXDrX!DV XY | PryPrr



1 2mA) L  eT A T P L = oI IK Auyd, JK
oo | Tz (DaX DX 4 DX DX — S (DX KD

_ _ 1 _ _
+m™ D, XTm* DrX7) + 6(2(MLMN)2DMXIP[JD“XJ

+MEMND, XTI MEMN DR X Py | (2.38)

3 Two non-linear BF Lagrangians with even and odd number of M!/¥

There are propositions of two types of non-linear BF Lagrangians for multiple M2-branes,
which include terms with even number as well as odd number of M?/K [29]. One type is
presented by

1 -~ I
Ly = —T»STr <\/ — det (mw + FDMXIRUDUXJ) (det 51)1/4> (3.1)
2

1 : o )
e (Tr(B#F,,,\) - T%STr(D#XKD,,XIMIKN(Sfl)N']DAXJ))

2
+(0, X1 —Te(X!B,))o" XL —Tr X+ ;Xbuxfauxi . (M) duXxLorxt ),
X2 2\ x2
where the symmetric tensor R!” is defined by
- xXIxd 1
RIJ:(Sfl)IJ—F +2+ ( _1>’
_XJr Vdet Sy
1 XMXN
GIJ _ §IJ _ L ppIKMppJKN (24 24 ) 3.9

Because of det S; = (det S)? the symmetric tensor R!” is identical to Q;} in (2.20), and
(det S1)Y/* = (det Q)'/*, so that the Lagrangian L; except for terms with odd number of
MK reduces to L in (2.1). For this topological BF Lagrangian we consider the integration
over the B,, gauge field to obtain a dynamical gauge theory Lagrangian. Since the type one
Lagrangian L; contains not only the mass term of B, but also the cubic term, we cannot
perform the B, integration directly. Instead, we begin to make the low-energy expansion
for the non-linear term in (3.1) up to 1/75 order

~ToN + STr —%DMXIZND“XI + iA”
+Ti2 (—Z(Bu) + é(A”DHXJ[)“XJ b AT AT i(A”)%)] (33)
where
AIJ _ MIKMMJKN (%) _ _Xii(mQ)IJ’



1/( - - N - - -
Z(Bu) = 3 ((DMXI prxh? — 2D, XD, X DV X7 Dr X7

- xIx ~
+4D, X! (A” 2} +AKK> D“XJ>. (3.4)

The algebraic equation of motion for B, reads

_ 1
xt(orxt — x1Br) + §E“V)‘Fy>\ —aH

1

T

II~xJ (D yvJ J pu e
( A X (Drx7 — XIB )+5B + 5B, (3.5)

with X, 5\ (B*) = DpXKDVXIMIKJ[?)\XJ. The solution can be iteratively derived by
Bt = Bl + BY'/T5, with

1 _ 1,
By =% (XiD“XI + e s — m“) (3.6)
+
and
1 (1 - 87 5X
B = —— | -AXx{(D"X' - X|Bf) + — PALA 3.7
! Xi<4 H o) +2 6B, lBy)’ (3.7)

where the expression of Bf (3.6) is inserted into the last two derivative terms. Substituting
this solution back into the low-energy Lagrangian of Ly (3.1) we obtain the same leading
Lagrangian as (2.31) through a relation

_ . 1
Drx! — xIBl =P DrX7 — X—inrF“ (3.8)

and the following correction terms of order 1/7%

1 _ 1 - _
oo <(DuXI = X3 Bop) X1 By + S AM(Dy X7 = X By ) (DX — X{BY)
2

1 1 )
+5 (A AT — (A1) — Z(B) + FBy, ~ %6"”AXW<BS>>. (3.9)

The subleading terms except for the terms including X, (Bf) and 6X,,,/0B,| By are
described by

1 _ _ F,F*
TSTr §<AKKDMXIPUD“XJ All ;‘(2 + AT AT (A”)2>
2

L[5 = = = 2F, F, P FH)2
+Z (D;LXIPIJDVXJDVXKPKLD“XL + D“XIP D”XJ + M)

X2 (X2)2

1 > 1 n J\2 2F F* I J (F F“)Q
_g ((D“X PIJD“X ) + X+ D X P DVX + (;}W
1 - _
+WDHXImIKmKJD“XJ . (3.10)
JF



It is noted that the SO(8) vectors D, X' are contracted with (m?)!’ and the projection
operator Pr; which is due to (3.8). The expression (3.10) is confirmed to agree with (2.34).
Thus we have observed that these subleading terms obtained by the iterative procedure for
the B, integration in the low-energy Lagrangian reproduces the previous expression (2.34)
which is derived by the low-energy expansion of the effective DBI-type Lagrangian gener-
ated by the exact B, integration.

The remaining terms lead to

i VA 20X XI I I 1
_ESTT <€M XA (BY) + ¢ 5§V BE <X2 (Dp X" — X3 Boyu) + FFM
_ Im!/
_ L gy M"YED,X'D, X' D\ X" - =—F,D,X'D\X7 ), (3.11)
2T, X7
where M17K is a totally antisymmetric tensor defined by

MUK = pIE %z (m! X5 + m K x4 mKIX]), (3.12)

which is orthogonal to X i as MT/EX i = 0. This expression including single M!/K is

rewritten by

ﬁSTr(e“”)‘M”KD X'D, X" Dy X* +3m!’ D, X' D, X7). (3.13)
2

We see that there is a coupling between the gauge field strength F** and m!”/ DMX D, X",
The symmetrization in (3.13) is taken as

i - _ _ _ _ _
ﬁTr(eWMf KD, XD, X’ D\ XK +m! f*D, XD, X7
+m!’' D, X! "D, X7 +m" D, X"D, X" ), (3.14)

where the first term remains intact.
Now we turn to the other type of non-linear Lagrangian for non-Abelian BF membranes

L2 = —TQSTI' <\/ det (7’]”1, + — T D XI(S )IJD XJ) (det 52)1/6> (315)

1
+56W (Tr(BuFl,,\) - —STr(D XKD, XTMT™EN (S5 )N]D,\XJ))

X, X - 1 /X, X\°
+(8ﬂX£Tr(XIB#))8“XiTr< el D xTorx!t — 2( el > agdami),

where the symmetric tensor S27 is defined by

1
Si = 517 ﬁB” (3.16)

,10,



with BT/ = MIEM ppTKEM = (A12)17 . We make the following low-energy expansion for the

non-linear term in (3.15)

J PR 1
~T,N + STr —§DﬂXID“XI + EB”
2 (~W(BY + = (B1D, X Drx? + 151 I - L(pily (3.17)
Ty 24 a 2 12 ’ ‘
where

1, - _ _ _ _ . - _
W(B,) =2 <(DMXI DX — 9D, XD, X' D" X’ DFX7 + 2D, X B Dr X7 ) . (3.18)
The algebraic equation of motion for B, is also given by

_ 1
XLDMXT = XIB") + S F, )\ — ot

1

5W ] pV)\ 5Xp1/>\
T

<1QB”XJ(D“XJ X{B") + —- +5

0B, 0B, (3:.19)

whose solution is iteratively derived by B* = Bl + B! /Ty where B is the same expression
as (3.6) and B! is
~ 1 (5W E pV)\ 5XpV)\

Bt = — BUX!(D'X7 — XIBY) + —
1 X2< H ) * 5Bl T2 5B,

Bg) . (3.20)

The substitution of this solution into the low-energy Lagrangian of Lo (3.15) yields the
same leading Lagrangian as (2.31) and the following subleading terms of order 1/75

L g (D, X7 — X! By,)(D'X' — X{BY)

—STr<(DﬂXI — X1Bo)XLBY + o

15

1 1 - i
+E(B”B” — 6(3”)2) — W(BY)+ FFBy, — 5eWXM(Bg)) (3.21)

We use an identity B! = 3A! to express (3.21) as sum of (3.11) and

iSTr AUF i E(M2)IJ(M2)JI _ i(AH)2>

T X2 6

1 _ _
3 (AKK D, X'P;DrX7 —

1/ _ _ _
+= (DﬂXI PryD, X' D" XK Py DF XY +

2F,F, F,Fr)?
1 DMXIP DVXJ+( H ) >

X2 (X2)2

1/, - _ 2F, F* _ F,FH)?
. 1J 1J + ——
D, X'P;DFX7V + =L D X'p,DVX7 (Fu )
g\ " X2 (X2)?
1_ _ _ _
~Du XIMIMN A pIMN DT | (3.22)

where MIMN = pIE N EMN and a relation MIMNmMYN = ( is used. The 1/T% corrections
show almost similar expressions to (3.10) with two different terms which are a potential
term (M?2)!7(M?)71 /6 and an interaction term —D, XTMIMNA[TMNDrXT /4,

— 11 —



4 Conclusion

Without resort to the low-energy expansion we have performed the integration over one
Chern-Simons nonpropagating B, gauge field exactly for the non-linear Lagrangian of the
BF membrane theory in ref. [26], which includes terms with even number of MT/K. We
have observed that there appears a non-linear DBI-type Lagrangian for the worldvolume
theory of N M2-branes where the other Chern-Simons A, gauge field is promoted to the
SU(N) dynamical propagating gauge field.

In the non-linear DBI-type Lagrangian the coefficient factor of the modified field
strength F,, takes a compact form 1/ \/TQX_%_ which yields the kinetic term of gauge
field —F),, F* /4XJ2r with a space-time dependent coupling field X i in the leading low-
energy expansion. In the same way the linear term of F'* also takes a compact interaction
DMX I'x iF "/ X_%. The subleading terms including dynamical gauge field strength F),, are
expressed in terms of F'* or alternatively f,, which is a specific combination of F),, and
an SO(8) invariant contraction of scalar fields with the projection operator O* X1 Pr; X7
In the subleading terms the SO(8) vectors D, X' are contracted with P!/ and (m?)?/

M!7K which are orthogonal to X JIF This Lagrangian is regarded as the

consisting of two
non-linear extension of the Janus field theory Lagrangian in ref. [11].

For the two types of non-linear BF Lagrangians in ref. [29] which include terms with
even and odd number of M /% we have made the low-energy expansion and then carried
out the B, integration by solving its equation of motion in the presence of the 1/T5 or-
der corrections through an iterative procedure. In the type one Lagrangian L; we have
demonstrated that there appear indeed various terms at order 1/T% in the iteratively B,
integrated effective Lagrangian, but they except for terms with odd number of M!/X are
reshuffled to be in agreement with the 1/75 order terms in the low-energy expansion of the
above exactly B, integrated Lagrangian of the DBI form. In the type two Lagrangian Lo
the effective Lagrangian has been observed to have almost similar 1/75 order corrections
except for two terms, where DMX I"are contracted with P!/ as well as MIMNA[TMN which
is also orthogonal to X Jlr The remaining terms including single M/ in both effective
Lagrangians consist of two kinds of interactions specified by e#**MT/E DMX D, X'Dy\ XK
and m!/ f* D, X1 D, X7 where the SO(8) vectors D, X' are contracted with the tensors

M!7E and m!’ which are orthogonal to XJIF.
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