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Action

1
Shulk = 2/d20 (81XA7'1A331XB - 61XA77A300XB>.

The notations are & = 0,1 (We use the Greek indices to indicate
the worldsheet coordinates.), A=0,1,--- ,2D — 1 ( We define the
double target indices from A to K.), and



Double Sigma Model

XA = Xon
Xm
1 -1 _ —IB
nl o= He, = (%AB) . £ .
Bg! g—Bg'B

The index m=0,1,--- , D — 1 (We define the non-double target
indices from m to z.). The ordinary coordinates are defined to be

X™ and dual coordinates are defined to be )N(m.
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We also define
7_[ = /}_[.. .
The name for H is generalized metric. For double target indices,

we use 7 = o to raise and lower indices for the O(D, D)

tensors. The index « is raised and lowered by the flat metric. The

worldsheet metric is (—, +) signature.
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Using the strong constraints 9™=0 (Om = axim, am = 8‘9 and
5m
Op = .) and a self-duality relation

m
H" g XB —n"edeXB =0

to guarantee classical equivalence with the ordinary sigma model.

The ordinary sigma model is

1
5 / d’c (aaxmgmnaax" —eaﬁaaxmanaﬂx")
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Boundary Conditions

o We replace By, by Bmpn — Fmn to reconstruct our double

sigma model.
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Boundary Conditions
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The boundary conditions on o!-direction (The Neumann boundary
condition) are
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Boundary Conditions

o We replace By, by Bmpn — Fmn to reconstruct our double

sigma model.

The boundary conditions on o!-direction (The Neumann boundary

condition) are
HmAale — T]mAa()XA = O, HmAale = 0, T]mAa()XA =0

and the boundary condition on ¢%-direction (The Dirichlet

boundary condition) is

dX™=0.
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Low-Energy Effective Action

S1+aS

/ dx dx [e_d< - det(?—[m,,))i

1 1
+ae % <8HAB@AHCD83'HCD 5 HABagHCDODHAC

—20,dOgH B + 4HAB 9,d0g d)] :

where « is an arbitrary constant and

1
4
e = ( — detg> e ?.
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Quantum Equivalence with the Strong Constraints

When we perform Gaussian integration, the result of the
integration on the exponent is equivalent to using

N Xp = gonOo X" + Bpndr1 X".



Reference Double Sigma Model Non-Commutative Geometry Conclusion and Discussion

Quantum Equivalence with the Strong Constraints

When we perform Gaussian integration, the result of the
integration on the exponent is equivalent to using

N Xp = gonOo X" + Bpndr1 X".

Then we integrate out the dual coordinates:
1 .
5ale" <g — Bg—ls) NX" 4+ O X™ <Bg—1> "0 X,

mn m

1 1
= — anX’"gm,,c‘)oX” + 581X’"gm,,81X” + 1 X" BrnOo X" .
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When we perform the Gaussian integration, we have a non-trivial

determinant term.
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When we perform the Gaussian integration, we have a non-trivial
determinant term. The measure of the double sigma model

/ DXA

/DX’"\/det = /D’X”7

when we integrate out the dual coordinates. We obtain the

becomes

diffemorphism invariant measure (D’'X™) with shift symmetry.
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Seiberg-Witten Map

A(A) + 55 (A) = A(A+ 6,A),
where A is the Seiberg-Witten map, ) is gauge transformation on
the commutative space and 35\ is gauge transformation on the
non-commutative space. On the non-commutative space, field

strength is given by

Fw = 0,A, —9,A, + AL A
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The gauge transformations are

NAL= 0N, 034 =00 - [N AL
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The gauge transformations are

~ ~

O\A, = 9, 05A, = 0,8 — [\, ALl

We find a solution at leading order,

~

1 . 1
A=A, — 0 (A,,&,Au - 2A,,8“A(,>, A=\t 2077 As0p\.

Fu, = Fu +67° <FWFW — A0, FW).



Non-Commutative Geometry

From the Poisson limit to infinite orders,

~ 1 ol 2 ~ ~ ~ ~ ~
A, = —159” [Ap * <280Au - 8HAU> + (280/4“ - 8qu) * Ap} ,
o 1 oA ~ o
o\ = 159”” (8,))\ * Ay 4+ Ap x Os A |,
1, - s s O
0F, = Z(WP 2Fup* Fuo +2F 0 % Fup — Ap % (&,FW + D(,FW>

where

é)\ﬁ;w = a,\ﬁm, + [AA)\, I:_'u,j]*.



Non-Commutative Geometry

e If we do not use the strong constraints, we should have a
combination of B — F. Non-commutative geometry can be
constructed from gauge symmetries without using action.
Double sigma model should have potentials to build the

non-commutative geometry on the bulk
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Conclusion and Discussion

e We show equivalence between standard and double sigma
models.



Reference Double Sigma Model Non-Commutative Geometry Conclusion and Discussion

Conclusion and Discussion

e We show equivalence between standard and double sigma
models.

e Without using the strong constraints, we have global

symmetry structures to avoid the non-gauge invariant

entanglement entropy on closed string.
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Conclusion and Discussion

e We show equivalence between standard and double sigma
models.

e Without using the strong constraints, we have global
symmetry structures to avoid the non-gauge invariant

entanglement entropy on closed string.

e Non-Commutative geometry of closed string should shed the
light on all o effects from the Moyal product.
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