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[0 Summary and perspectives



Background & Motivations

To understand nature of Quantum Gravity

Holographic nature of Quantum Gravity
proposed by t’ Hooft and Susskind



AdS/CFT correspondence, Maldacena 1997

AdSs x S° <= N =4 SYM theory

I. AdS5/CFT4
II. AdS4/CFT3 (ABJM)

IHI.AdS3/CFT2 — —

IV. nAdS2/nCFT1, nAdS2/SYK4

V. Non-AdS/CFT (Celestial Dyt Sheieg chanrie I closed string channe!
Holograph)

VL. DS/CFT How to realize the Open-Close duality in target spacetime?

Alternative Way to understand gravity (ew duality)?
VII.... Preliminary thought experiment to go beyond
holography......



Background & Motivations

To understand nature of Quantum Gravity
Can we Go Beyond the holography?

Possible Candidate: Energy-Momentum Tensor induced deformation






Definition of Ttbar & Root TTbar:

Spacetime dimension is 2, We tend to depict theories by using complex coordinates

Z =X —It, R, Conti, J. Romano, and R. Tateo, JHEP 09 (2022)
085; H. Babaei-Aghbolagh, K. Babaei Velni, etc..,
Phys. Rev. D 106 no. 8, (2022) 086022;C. Ferko, A.
Then in { z, Z } coordinates, Sfondrini, L. Smith, and G. Tartaglino-Mazzucchelli,
Phys. Rev. Lett. 129 no. 20, (2022) 201604
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where in 2D CFT, we define

— 2 F. A. Smirnov and A. B. Zamolodchikov, Nucl. Phys. B 915
det| Ty | = ( TT-© ) ’ (2017) 363-383, arXiv:1608.05499.
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Deformation of TTbar
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Example: | Uv TTBar
TTbar From free boson to Nambu-Goto r Dedefomation /

Infrared TTBar { Renomiization Flow

L0 = 0¢pdg¢

Before the deformation: (Free boson)

TTB def-

75 \& /Renamllation
Flow
in between

LA =i 420¢0¢ + 1 —i .‘l -
21 21

After the deformation: (Nambu-Goto Local
- Noncritical String theory)

Cavaglia, Negro, Szecsenyi, Tateo ‘16
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Geometric Realization of
TTbar and Root TThar in 2D



Massive Gravity

2D TTbar Sy = Syue[gus Yl + So[guw, ¥)

A.J. Tolley, 1911.06142

a a 1 e v a a
nga"[eﬂ’ fﬂ] : 212\ / &z e eab(ep, - p)(etbx - fz’/)) r]g’;u
EOM of fff EOM of €,
2m dSy[e, f, 9] 2 1 b d.Sole, ¥
T‘uE _ ‘Wa gb— b _,uu(“ %0 __ b , _
det(fg)  dfg A det( 3)6 (e = Ju) VS = N (€ = fu) + oe*s
’Dn-shell value of Sgray
0.50[¢] dS 1
S = K . 2 5 a
det fT*, et lome. det e, To" o (0, €x) g /d x det T ‘ Same as TTbar flow eq.



Massive Gravity

[
1D TTbar = 60"
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S = /(H( t (ip(f)to — HO((_').p))‘
| . €t |

— T

0T ==, ep=1, e=—

ngmv e, v!] = /dtefB (erv")
dt dt

[T [T ' i
E_y(LJ+B(LJ—x%—Q
dt dt dt One H deformation

SH, Zhuoyu Xian, Phys.Rev.D 106 (2022) 4, 046002 1 — \/ 1 —8HA
2104.03852 f(H) = 5 .

1D TTbar deformed Hamiltonian D. J. Gross, J. Krutho, A. Rolph and E. Shaghoulian,1912.06132

2
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Unify 2D TTbar and Root TTbar deformation

S"/,)\[gbv eza f;:] = S()[qb, ez] + Sgrav [ezv ;:]7

y1 =tr(e”' f) = frek,
yo = tr[(e 71 f)?] = flel flel.

grdv[ fa] / x det e
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H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang, Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 H



Unify 2D TTbar and Root TTbar deformation

Syald,€2, 2] = Sol#, 2] + Sgravlel 2],

e lf = Udiag(ay,...,aq) U1

Sgrav[ez,f;f] = ;/dzx det e(ay —6%)(052 — e_%).
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H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang,Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 H



Example for free Scalar

Solo, ez] = /dzﬂt det e (%T]abezegaﬂgb&,gb) . 2A
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C. Ferko, A. Sfondrini, L. Smith, and G. Tartaglino-Mazzucchelli, PhysRevLett.129.201604
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Geometric realization of TThar &
Root TTbar In Higher D



wdp

TTbar & Root TTbar in Higher D 5. [e2, 72 = / iz det eB(e— f).
S’Yv)\[d% ez? ;:] - SO[Cba ez] $2 Sgrav[ezs f;: ;

1
Sgrav(€%, f2] = o f d*zdete(a; —e?)(ag — e 3),

1 Generalized ansatz
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1 Engenvalue approach

T = (]| ex)'U diag(10a, B, ..., 240s, B)U ™,
k=1

T =

TTbar-like flow: Root TTbar-like flow:
d 1 d d
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Checked by 4D ModMax, ModMax Born-Infeld-like, Higher D Nambu-Goto
H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang,Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 Y



Dynamical gravity TTbar & Root TTbar in Higher Dim
S[h,g,T, ¢] :i f d*zv/det hh* R, (T
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H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang,Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 -



TTbar & Root TTbar in Higher D with dynamic gravity
S[h,g,T, ¢ =2i f d*zv/det hh* R, (T

K

; ] d%z\/det gB(g~ k) + Solg, 9],

Integrate over g Integrate over h

Duality S[g,T,¢] = [ d?z+\/det gL(g~'R) + Solg, ¥, |
1 R
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d—2 0(9"Phgy) | |h=ho(q)

Deformed theory couple
with Einstein gravity

Undeformed theory couple
with Ricci based gravity

H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang,Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602



Summary

OPropose a prescription to unify the TTbar & Root TThar
deformation in two and higher dimension.

OOffer a duality between field theory and gravitational theory.
CPossible realization of open string and close string duality in
Target spacetime.

OHolography & Quantum aspect of deformed theory,

OBy celestial holograph to construct 4D UV complete gravity.

SH, Pujian Mao, Xincheng Mao, Phys.Rev.D 110 (2024) 8, L081901;
SH, Pujian Mao, Xincheng Mao, Phys.Rev.D 107 (2023) 10, L101901
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