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Introduction

TT-deformation : a irrelevant deformation of 2d QFT
[Yoshida-san’s talk]

» As a deformation of the boundary CFT

cut-off AdS,/ TT-deformed CFT,

[Lauren McGough, Mark Mezei, Herman Verlinde, 1611.03470]
[Amit Giveon, Nissan Itzhaki, David Kutasov, 1701.05576]

» As a deformation of the bulk theory

The main 1ssue of this talk



Introduction

flat-space JT gravity
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The quadratic action can be regarded

as a TT deformation of the original matter action
[Dubovsky, Gorbenko, Mirbabayi, 1706.06604]
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Plan of this talk

0. Introduction

1. Gravitational perturbations around flat space

2. Gravitational perturbations around a curved b.g.

3. Summary and future direction



The JT gravity [jackiw, 1985] [Teitelboin, 1983]
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> A curvature : R = _ﬁ Asymptotic AdS,

» A candidate of the gravity dual of 1dim QM (SYK model)

[ AlImheili, Polchinski, 1402.6334]
[ Maldacena, Stanford, Yang , 1606.01857]
[Engelsdy , Mertens, Verlinde, 1606.03438]
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The flat-space limit of the JT gravity
[Dubovsky, Gorbenko, Mirbabayi, 1706.06604]

Let us consider L — oo limit and add arbitrary matters ¢ .

1
S[QMVJ Cb: w] — Smatter[wa g,uur/] + 167TGN /dzﬂf\/TQ [CbR—A]

Note : The integrability (or conformal symmetry) 1s not required.

1
R — 0 §9uvA — (Vp,vu(b - guyvzé) = 87TGN T,Lu/

vacuum solution (7}, = 0)

— A
{ d?s = —2dz"dx~ b = §x+a’:_ }
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Gravitational perturbations around flat space

A gravitational perturbation 1s described as
Guv = Nuw + hyw b=¢+ 0o T =0 +

eom for the fluctuations

O (0 hy, — Dyh) = 0

1 1. -
auay(f = —87TGN (tuy — ni“/tg) — §A h'u;/ + §8p(b (auhpu + al/hp,u — (%huu)

solution of the fluctuation of the metric

hyw = —16TG Nt — Gutt) k
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solution of the fluctuation of the dilaton

+ —

kAf dsst++(s,x_)—|—k/\/ dsst__(zT,s)
0 0

—2 (kA —1) /0x+ds /Oxd,s’ ty_(s,8")
m_g)(/ s [asinw o [ dS/ds t__os))]

[Ishii, S.0. , Sakamoto, Yoshida, 1906.03865]

Onon-local — 47TGN

Comment : originally Dubovsky etc. didn’t give the explicit solution.


https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Csigma_%7B%5Ctext%7Bnon-local%7D%7D%26%3D%0A4%5Cpi%20G_%7BN%7D%5CBiggl%5Bk%5CLambda%5Cint%5E%7Bx%5E%2B%7D_%7B0%7D%5C!%5C!%5C!%5Cdd%20s%5C%2Cs%5C%2Ct_%7B%2B%2B%7D(s%2Cx%5E-)%2Bk%5CLambda%0A%5Cint%5E%7Bx%5E-%7D_%7B0%7D%5C!%5C!%5C!%5Cdd%20s%5C%2Cs%5C%2Ct_%7B--%7D(x%5E%2B%2Cs)%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Csigma_%7B%5Ctext%7Bnon-local%7D%7D%26%3D%0A4%5Cpi%20G_%7BN%7D%5CBiggl%5Bk%5CLambda%5Cint%5E%7Bx%5E%2B%7D_%7B0%7D%5C!%5C!%5C!%5Cdd%20s%5C%2Cs%5C%2Ct_%7B%2B%2B%7D(s%2Cx%5E-)%2Bk%5CLambda%0A%5Cint%5E%7Bx%5E-%7D_%7B0%7D%5C!%5C!%5C!%5Cdd%20s%5C%2Cs%5C%2Ct_%7B--%7D(x%5E%2B%2Cs)%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/,t_{+-}(s,s
https://texclip.marutank.net/,t_{+-}(s,s

S[qua <b,¢] = 5(0) —I-g{l) + G(2) 4.

com

1 A
5 2 2 v 2

[Dubovsky, Gorbenko, Mirbabayi, 1706.06604] for k = %

[Ishii, S.O., Sakamoto, Yoshida, 1906.03865]  for arbitrary k

The quadratic action can be regarded

as a TT deformation of the original matter action


https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AS%5Bg_%7B%5Cmu%5Cnu%7D%2C%20%5Cphi%2C%20%5Cpsi%5D%20%26%3D%20S%5E%7B(0)%7D%2BS%5E%7B(1)%7D%2BS%5E%7B(2)%7D%2B%5Ccdots%0A%5Cend%7Balign*%7D
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https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AS%5E%7B(2)%7D%3D-16%5Cpi%20G_N%5Cleft(%5Cfrac%7B1%7D%7B2k%7D-%5Cfrac%7B%5CLambda%7D%7B8%7D%5Cright)%5C%2C%20k%5E2%0A%5Cint%5C!%20%5Cdd%5E2%20x%20%5Cleft%5B%5C%2Ct_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Cmu%5Cnu%7D-(t%5E%7B%5Cmu%7D_%7B%5Cmu%7D)%5E2%5C%2C%5Cright%5D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AS%5E%7B(2)%7D%3D-16%5Cpi%20G_N%5Cleft(%5Cfrac%7B1%7D%7B2k%7D-%5Cfrac%7B%5CLambda%7D%7B8%7D%5Cright)%5C%2C%20k%5E2%0A%5Cint%5C!%20%5Cdd%5E2%20x%20%5Cleft%5B%5C%2Ct_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Cmu%5Cnu%7D-(t%5E%7B%5Cmu%7D_%7B%5Cmu%7D)%5E2%5C%2C%5Cright%5D%0A%5Cend%7Balign*%7D
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The dressing factor of the S-matrix
[Dubovsky, Gorbenko, Mirbabayi, 1706.06604]

In £ = 0 case,

hyw =0 0,0,0 = =87GN (tuy — N t7)

Dynamical coordinates are defined as

2
XH = —Ka’u@ = zH ‘|‘Y’u

2 167GN v
YH = —Ka'u’a = N em (2 /_ooda:'tw(t,a:)—PM)

10
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The dressing factor of the S-matrix

Before introducing the gravity,

any matter field can be decomposed in the asymptotic region.

< dp 1 i o
V= ) Vi VB (a;r”(p)e " +h'c')

To describe the effect of the gravity,
it is needed to define A!

m

(p;) by using the dynamical coordinates.

AT (p) _ CLT (p)eip&.ya'

1M X

(AL (p), AL (p)] =0
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The dressing factor of the S-matrix

P1 q1
P2 q2

The dressed asymptotic states are evaluated as

. C16mG N
|{pi}a Zn)dressed HAI?L(pz)l()) = €XP ( sz *p]) |{pz} ZTZ)

1< g

167G N
{ai}, out)aressea = TLAL,4(q:)|0) = exp ( S q;) {q:}, out)

1<J
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The dressing factor of the S-matrix

gdressed — dressed({%l}a Ouﬂ{pi}a in)dressed

~ 16’]TGN 16’]TGN
= Sexp | — A ;pi*pj—z A ;jqi*qj

The gravitational dressing factor

the modification of the CDD factor in the case of IQFT
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https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%3D%5Chat%7BS%7D%5C%2C%7B%5Crm%20exp%7D%5Cleft(-i%5C%2C%5Cfrac%7B16%5Cpi%20G_N%7D%7B%5CLambda%7D%5Csum_%7Bi%3Cj%7D%20p_i*%20p_j-i%5C%2C%5Cfrac%7B16%5Cpi%20G_N%7D%7B%5CLambda%7D%5Csum_%7Bi%3Cj%7D%20q_i*%20q_j%5Cright)%0A%5Cend%7Balign*%7D%0A%0A%25%25%3D%7B%5Crm%20exp%7D%5Cleft(-i%5C%2C%5Cfrac%7B16%5Cpi%20G_N%7D%7B%5CLambda%7D%5Csum_%7Bi%3Cj%7D%20p_i*%20p_j%5Cright)%7C%5C%7Bp_i%5C%7D%2C%5C%2Cin%5Crangle

Plan of this talk

0. Introduction

1. Gravitational perturbations around flat space

2. Gravitational perturbations around a curved b.g.

3. Summary and future direction

14



Gravitational perturbations around a curved b.g.
[Ishii, S.0. , Sakamoto, Yoshida, 1906.03865]

Starting from a general dilaton gravity coupled with arbitrary matters

1

S[g,uu: Cb: w] — Smatter[wg g,uu] ‘|‘ 167TGN fdzm\/jg [CDR - U(Qb)]

eom R-U'(¢)=0

1

§QWU(¢) —(VuViud — 9 V3¢) = 81GN T
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https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%20S%5Bg_%7B%5Cmu%5Cnu%7D%2C%5C%2C%5Cphi%2C%5C%2C%5Cpsi%5D%3DS_%7B%5Crm%20matter%7D%5B%5Cpsi%2C%5C%2Cg_%7B%5Cmu%5Cnu%7D%5D%2B%5Cfrac%7B1%7D%7B16%5Cpi%20G_N%7D%5Cint%5C!%20%5Cdd%5E2%20x%5C%2C%5Csqrt%7B-g%7D%5C%2C%5Cleft%5B%5C%2C%5Cphi%5C%2C%20R-U(%5Cphi)%5C%2C%5Cright%5D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%20S%5Bg_%7B%5Cmu%5Cnu%7D%2C%5C%2C%5Cphi%2C%5C%2C%5Cpsi%5D%3DS_%7B%5Crm%20matter%7D%5B%5Cpsi%2C%5C%2Cg_%7B%5Cmu%5Cnu%7D%5D%2B%5Cfrac%7B1%7D%7B16%5Cpi%20G_N%7D%5Cint%5C!%20%5Cdd%5E2%20x%5C%2C%5Csqrt%7B-g%7D%5C%2C%5Cleft%5B%5C%2C%5Cphi%5C%2C%20R-U(%5Cphi)%5C%2C%5Cright%5D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20R-U'(%5Cphi)%20%20%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20R-U'(%5Cphi)%20%20%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Cfrac%7B1%7D%7B2%7Dg_%7B%5Cmu%5Cnu%7DU(%5Cphi)%0A-%5Cleft(%5Cnabla_%7B%5Cmu%7D%5Cnabla_%7B%5Cnu%7D%5Cphi-g_%7B%5Cmu%5Cnu%7D%5Cnabla%5E2%20%5Cphi%5Cright)%0A%3D8%5Cpi%20G_%7BN%7D%5C%2CT_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Cfrac%7B1%7D%7B2%7Dg_%7B%5Cmu%5Cnu%7DU(%5Cphi)%0A-%5Cleft(%5Cnabla_%7B%5Cmu%7D%5Cnabla_%7B%5Cnu%7D%5Cphi-g_%7B%5Cmu%5Cnu%7D%5Cnabla%5E2%20%5Cphi%5Cright)%0A%3D8%5Cpi%20G_%7BN%7D%5C%2CT_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D

A gravitational perturbation 1s described as

Gy = Guv +hp =90+  Tuw=0+tw

eom for the fluctuations

VNV, — V2h — %U’(d)) h—U"(¢)o=0

L 1 _
V,.Vy,o+ §§W U'(p)o

1 - 1o -
= —87GN (tuy — Guth) — 5U(<p) s + 5 V0 (Vihow +Vihpy — Vohy)
In the general potential case, we cannot solve the equations...
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https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0Ag_%7B%5Cmu%5Cnu%7D%3D%5Cbg_%7B%5Cmu%5Cnu%7D%2Bh_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0Ag_%7B%5Cmu%5Cnu%7D%3D%5Cbg_%7B%5Cmu%5Cnu%7D%2Bh_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Cphi%3D%5Cbphi%2B%5Csigma%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Cphi%3D%5Cbphi%2B%5Csigma%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AT_%7B%5Cmu%5Cnu%7D%3D0%5C%2C%2B%5C%2Ct_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AT_%7B%5Cmu%5Cnu%7D%3D0%5C%2C%2B%5C%2Ct_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/(%5Cbphi)%5C%2Ch -U'
https://texclip.marutank.net/(%5Cbphi)%5C%2Ch -U'
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%5Cbnabla_%7B%5Cmu%7D%5Cbnabla_%7B%5Cnu%7D%5Csigma%2B%5Cfrac%7B1%7D%7B2%7D%5Cbg_%7B%5Cmu%5Cnu%7D%5C%2CU'(%5Cbphi)%5C%2C%5Csigma%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%5Cbnabla_%7B%5Cmu%7D%5Cbnabla_%7B%5Cnu%7D%5Csigma%2B%5Cfrac%7B1%7D%7B2%7D%5Cbg_%7B%5Cmu%5Cnu%7D%5C%2CU'(%5Cbphi)%5C%2C%5Csigma%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%3D-8%5Cpi%20G_%7BN%7D%5C%2C(t_%7B%5Cmu%5Cnu%7D-%5Cbg_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Crho%7D_%7B%5Crho%7D)-%5Cfrac%7B1%7D%7B2%7DU(%5Cbphi)%5C%2Ch_%7B%5Cmu%5Cnu%7D%0A%2B%5Cfrac%7B1%7D%7B2%7D%5Cbnabla%5E%5Crho%20%5Cbphi%5Cleft(%5Cbnabla_%7B%5Cmu%7Dh_%7B%5Crho%20%5Cnu%7D%2B%5Cbnabla_%7B%5Cnu%7D%20h_%7B%5Crho%20%5Cmu%7D%0A-%5Cbnabla_%7B%5Crho%7Dh_%7B%5Cmu%5Cnu%7D%5Cright)%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%3D-8%5Cpi%20G_%7BN%7D%5C%2C(t_%7B%5Cmu%5Cnu%7D-%5Cbg_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Crho%7D_%7B%5Crho%7D)-%5Cfrac%7B1%7D%7B2%7DU(%5Cbphi)%5C%2Ch_%7B%5Cmu%5Cnu%7D%0A%2B%5Cfrac%7B1%7D%7B2%7D%5Cbnabla%5E%5Crho%20%5Cbphi%5Cleft(%5Cbnabla_%7B%5Cmu%7Dh_%7B%5Crho%20%5Cnu%7D%2B%5Cbnabla_%7B%5Cnu%7D%20h_%7B%5Crho%20%5Cmu%7D%0A-%5Cbnabla_%7B%5Crho%7Dh_%7B%5Cmu%5Cnu%7D%5Cright)%0A%5Cend%7Balign*%7D

Assuming [~ J"(¢) = 0 c.g8 Ul(p)=A— %Cﬁ

—

tﬁ . JT gravity (AdS,)
A solution to the eom is hy, = —k - 167G N €,
(2) 2 1 v
Sl\e) = (167TGN) 3 d“z+/—g (U(¢o ) 7 ttt
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https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0Ah_%7B%5Cmu%5Cnu%7D%3D-k%5Ccdot%2016%5Cpi%20G_%7BN%7D%5C%2Ct_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0Ah_%7B%5Cmu%5Cnu%7D%3D-k%5Ccdot%2016%5Cpi%20G_%7BN%7D%5C%2Ct_%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AU''(%5Cphi)%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AU''(%5Cphi)%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0At%5E%7B%5Cmu%7D_%7B%5Cmu%7D%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/#s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0At%5E%7B%5Cmu%7D_%7B%5Cmu%7D%3D0%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AS%5E%7B(2)%7D%0A%26%3D(16%5Cpi%20G_N)%5C%2C%5Cfrac%7Bk%5E2%7D%7B8%7D%5Cint%5C!%20%5Cdd%5E2%20x%5C%2C%0A%5Csqrt%7B-%5Cbg%7D%5C%2C%5Cleft(U(%5Cbphi)-%5Cfrac%7B4%7D%7Bk%7D%5Cright)%5C%2Ct_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AS%5E%7B(2)%7D%0A%26%3D(16%5Cpi%20G_N)%5C%2C%5Cfrac%7Bk%5E2%7D%7B8%7D%5Cint%5C!%20%5Cdd%5E2%20x%5C%2C%0A%5Csqrt%7B-%5Cbg%7D%5C%2C%5Cleft(U(%5Cbphi)-%5Cfrac%7B4%7D%7Bk%7D%5Cright)%5C%2Ct_%7B%5Cmu%5Cnu%7Dt%5E%7B%5Cmu%5Cnu%7D%0A%5Cend%7Balign*%7D

Comments on the solution of the JT gravity

— [I+($+,:}:_) — I_($+,:17_)]

Onon—local —
=z, 27) ES’FTGN/ ds (s —z7)(s —27) Tx(s)

k
Ti(zH) =1 FbkFckaT)tiy F 1 (a +2bxT + C(.’L‘i)z) Oityy

Comment :

It t§ = 0, trace of eom is equivalent to the massive Klein-Gordon eq.

— 2
(Vg—ﬁ)dzo

Local solutions (hypergeometric functions or Gegenbauer polynomials )

don’t satisfy another constraints.
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https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Csigma_%7B%5Crm%20non-local%7D%3D%5Cfrac%7B1%7D%7Bx%5E%2B-x%5E-%7D%5Cleft%5B%20I%5E%2B(x%5E%2B%2Cx%5E-)%20-%20I%5E-(x%5E%2B%2Cx%5E-)%5Cright%5D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%5Csigma_%7B%5Crm%20non-local%7D%3D%5Cfrac%7B1%7D%7Bx%5E%2B-x%5E-%7D%5Cleft%5B%20I%5E%2B(x%5E%2B%2Cx%5E-)%20-%20I%5E-(x%5E%2B%2Cx%5E-)%5Cright%5D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AI%5E%5Cpm(x%5E%2B%2Cx%5E-)%20%5Cequiv%20%26%5C%2C%208%5Cpi%20G_N%20%0A%5Cint%5E%7Bx%5E%5Cpm%7D_%7Bu%5E%5Cpm%7D%5C!%5C!%5Cdd%20s%5C%2C%20(s-x%5E%2B)(s-x%5E-)%5C%2C%7B%5Ccal%20T%7D_%5Cpm(s)%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0AI%5E%5Cpm(x%5E%2B%2Cx%5E-)%20%5Cequiv%20%26%5C%2C%208%5Cpi%20G_N%20%0A%5Cint%5E%7Bx%5E%5Cpm%7D_%7Bu%5E%5Cpm%7D%5C!%5C!%5Cdd%20s%5C%2C%20(s-x%5E%2B)(s-x%5E-)%5C%2C%7B%5Ccal%20T%7D_%5Cpm(s)%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%7B%5Ccal%20T%7D_%7B%5Cpm%7D%20(x%5E%7B%5Cpm%7D)%20%5Cequiv%20(1%20%5Cmp%20b%5C%2Ck%20%5Cmp%20c%5C%2Ck%5C%2Cx%5E%7B%5Cpm%7D)%5C%2Ct_%7B%5Cpm%20%5Cpm%7D%20%0A%20%5Cmp%20%5Cfrac%7Bk%7D%7B4%7D%5Cleft(a%2B2b%5C%2Cx%5E%7B%5Cpm%7D%20%2B%20c%5C%2C(x%5E%7B%5Cpm%7D)%5E2%5Cright)%5Cpartial_%7B%5Cpm%7D%20t_%7B%5Cpm%20%5Cpm%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cnewcommand%5Cno%7B%5Cnonumber%7D%0A%5Cnewcommand%7B%5Cred%7D%5B1%5D%7B%5Ctextcolor%7Bred%7D%7B%231%7D%7D%0A%5Cnewcommand%7B%5Cdd%7D%7B%7B%5Crm%20d%7D%7D%0A%5Cnewcommand%7B%5Comegati%7D%7B%20%5Ctilde%7B%5Comega%7D%7D%0A%0A%0A%5Cnewcommand%7B%5Cbnabla%7D%7B%5Cbar%7B%5Cnabla%7D%7D%0A%5Cnewcommand%7B%5Cbg%7D%7B%5Cbar%7Bg%7D%7D%0A%5Cnewcommand%7B%5Cbphi%7D%7B%5Cbar%7B%5Cphi%7D%7D%0A%5Cnewcommand%7B%5Cbpsi%7D%7B%5Cbar%7B%5Cpsi%7D%7D%0A%5Cnewcommand%7B%5CbR%7D%7B%5Cbar%7BR%7D%7D%0A%5Cbegin%7Balign*%7D%0A%20%7B%5Ccal%20T%7D_%7B%5Cpm%7D%20(x%5E%7B%5Cpm%7D)%20%5Cequiv%20(1%20%5Cmp%20b%5C%2Ck%20%5Cmp%20c%5C%2Ck%5C%2Cx%5E%7B%5Cpm%7D)%5C%2Ct_%7B%5Cpm%20%5Cpm%7D%20%0A%20%5Cmp%20%5Cfrac%7Bk%7D%7B4%7D%5Cleft(a%2B2b%5C%2Cx%5E%7B%5Cpm%7D%20%2B%20c%5C%2C(x%5E%7B%5Cpm%7D)%5E2%5Cright)%5Cpartial_%7B%5Cpm%7D%20t_%7B%5Cpm%20%5Cpm%7D%0A%5Cend%7Balign*%7D
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Summary

Under some conditions (including AdS, and dS, cases),
gravity perturbations in 2d dilaton gravity system can be regarded

as a TT-deformation of the original matter action.

Future direction

» Evaluating the S-matrix and the partition function

The application of AdS, holography

» Relaxing the conditions

Non-conformal matter, more general types of dilaton potential
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