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Why this Lagrangian?

scalar—tensor

* :]
y L (-.‘.J. Givss 'HI,,,: Vv

I

Ty B L ( t, N, hij SLRSEEEN ) w|’rh
. velocity
it O (r. N by R o hias s Vs of lapse
extending 3 : 3 T func.l-ion
Evic (:_ N, hi;, CURE LN, £:h:4V; : :

To the XG theory, DoF is 3, but fo the extended one, %C;%%ifozﬁﬂoo'
the DoF generally is

Under what conditions it’'s reduced to 3 ?
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The degrees of freedom is 3 if the two conditions are satisfied:

DE ) =1 (Degeneracy condition) Degenerate kinetic matrix

F T A= (Consistency condition) Existence secondary constraint

Degenerate Lagrangian is to remove a DoF.



The two conditions
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Quadratic case
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where @y ~¢o are the functions of (£..NV,X)
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Quadratic Lagrangian (3 DoF) :
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Where a,and b, are the general functions of (t. N, d; N
while v and + are the functions of (f. N} only.



Linear perturbations
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The homogeneous and isotropic background:
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Quadratic order action of scalar mode:
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Linear perturbations
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Linear perturbations

1 DL 2b, v TR 0 ;
' | g = : + 3bs) o — =5 | =
ks LTy, D7 3 (b1 + ) 0 2 C2 O

Degeneracy condition:
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Linear perturbations
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We remove the extra scalar mode by the
degeneracy condition at the perturbations level.

What about the consistency condition?



Cubic order perturbbations
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We need to impose the consistency condition at the cubic order
perturbations in order to kill the extra scalar mode A.

There is no extra mode in arbitrarily high orders in perturbbations.



Inhomogeneous background
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The quadratic order Lagrangian:
L£o(A,B,() D —c1a®°V?BA — 2¢c2a%8'BA

J 2 j o . .
tNa | —2N + 3H- ”,) ;N AA
OX X

a” -y

+2Co0 SNA? + 6¢ [”{ 1 + 6 (b + 302) Tk_

The quadratic order Lagrangian satisfied the degeﬁerocy condtion:
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Consistency condition



The Lagrangian
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D(x,y) =0, (Degeneracy condition) |[JF (&.y) =0, (Consistency condition)

General quadratic Lagrangian (3 DoF):
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The Lagrangian
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Field transformations:
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* In homogeneous and isofropic background,
Degeneracy condition is needed in linear perturbation
and Consistency condition is needed in cubic order
perturbation.

* In inhomogeneous background, Degeneracy condition
and Consistency condition are needed in the in linear
perturbation.

» Different theories can be related by field tfransformations.

Thank you!




