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Constraint

• doubled a compact torus

• in order to eliminate the non-physical states, introduces the

constraint α′pjω
j = NL − NR ≡ α′λ/2, where NL is a number

of left moving oscillators, NR is a number of right moving

oscillators, pj is a momentum number, and ωj is a winding

number

• the constraint is ∂M∂
M f = −λf , where ∂M ≡

(
∂̃m ∂m

)T
,

the doubled indices by M = 1, 2, · · · , 2d , the doubled indices

raised or lowered by the O(d , d) metric

η =

(
0 I

I 0

)
. (1)
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Quadratic Term

• integration by part shows the constraint KA + KB = 0 for the

quadratic term ∫
[dxdx̃ ] A ∗ B. (2)

•

KAKB = −K 2
A = −λ. (3)

• the products are commutative and given by that:

A ∗ B

≡
∑

KA,KB

AKA
BKB

exp
(
i(KA + KB)X

)
δKAKA,λδKBKB ,λδKAKB ,−λ.
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Gauge Transformation

• the gauge transformations are:

δξHMN

= ξP ∗ ∂PHMN +
(
∂MξP − ∂PξM

)
∗ HPN

+
(
∂NξP − ∂PξN) ∗ HMP ;

δξΦ

= −1

2
∂Mξ

M + ξM ∗ ∂MΦ, (4)

where the generalized metric and the scalar dilaton:

HMN ≡

(
g−1 −g−1 ∗ b

b ∗ g−1 g − b ∗ g−1 ∗ b

)
;

Φ = e−2φ ∗
√
|detg |. (5)

• the λ does not appear in the gauge transformation explicitly
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Field Content

• For NL + NR = 2, we have three choices

(NL,NR) = (1, 1); (2, 0); (0, 2).

• The first choice is a massless state with a symmetric traceless

tensor field hjk , a scalar field φ, and an anti-symmetric tensor

field bjk .

• Other choices are the massive states with a symmetric

traceless tensor field hjk , a scalar field φ, and a one-form

gauge field Aj .

• We will make a field correspondence for the massive state as

in the following bjk = −(∂̃jAk − ∂̃kAj) + (∂kAj − ∂jAk) with

δAj = εj = ε̃j .
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Cubic Action

• We introduce the following additional terms to obtain the

gauge invariant theory for (NL,NR) = (2, 0); (0, 2):

(1) Quadratic Term

S̃
(2)
add =

1

16πGN

∫
[dxdx̃ ]

(
− λ

4
bjkbµν −

λ

4
hjkhjk + 4λΦ2

)
; (6)

(2) Cubic Term

S̃
(3)
add

=
λ

16πGN

∫
[dxdx̃ ]

[
1

4
Φe lkelk − 4ΦΦΦ− 1

2
AmemkDle

lk

−2Ale
lkD̄kΦ + AmD̄k(Am)Dl(e

lk) + 2λAlA
lΦ

]
, (7)

where

Dk ≡ ∂k − ∂̃k ; D̄k ≡ ∂k + ∂̃k . (8)
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d = 1

• For one double direction, the constraints are K 2
A = K 2

B = λ,

which give the momenta:

KA =

(
a
λ
2a

)
; KB =

(
b
λ
2b

)
, (9)

where a and b are real-valued.

• The constraint KAKB = −λ/2 leads to the imaginary a or b.

• This result implies
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Thank you!


	Manifest T-duality
	Double Field Theory
	Cubic Action
	Solving Constraint

