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Qutline

O Background & Motivations
O Geometric realization of 2D T Thar & Root TTbar
O Emergent gravity from stress tensor deformed field theory

O Summary and perspectives



Background & Motivations

To understand nature of Gravity

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



AdS/CFT correspondence, Maldacena 1997

AdSs x S° <= N = 4 SYM theory ,
|. AC SS/C :T4 Maldacena
1. AdS4/CFT3 (ABJM) '
111.AdS3/CFT2
V. nNAdS2/nCFT1, nAdS2/SYK4

V. Non-AdS/CFT (Celestial s s I g g
Holograph)

VI.dS/CFT How to realize the Open-Close duality in target spacetime?
VII . . Alternative way to understand gravity (New duality)?
Thought experiment to go beyond holography......



Background & Motivations

To understand nature of Quantum Gravity

Can we Go Beyond the holography?
To derive gravity from field theory?
To Unify the field theory and gravitational theory?

Possible Candidate: Energy-Momentum Tensor induced
deformations



Single CFT =  Gravity with matter

(
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TV = —2719(09)*, T = —2mg(00)*, O =0,

Andrei D. Sakharov, Dokl. Akad. Nauk SSSR 177, 70-71 (1967); Sov. Phys. Dokl. 12, 1040-1041 (1968).
SH, Yi Li, Hao Ouyang, Yuan Sun, arXiv: 2503.09997[hep-th] °



Definition of TTbar & Root T Thar:

Spacetime dimension is 2, We tend to depict theories by using complex coordinates
Z =X + It,

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. Sfondrini, L.
Thenin {z, Z}coordinates, Smith, and G. Tartaglino-Mazzucchelli, Phys. Rev. Lett.
129 no. 20, (2022) 201604
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Spr=—bT" )= P T~ T Tg) R=\[tren, - ioere,

where in 2D CFT, we define

- ™ 02 F. A. Smirnov and A. B. Zamolodchikov, Nucl. Phys. B 915
det[ T, = —4 ( rrT-9o ) ’ (2017) 363-383, arXiv:1608.05499.

T .= ZZ T .= ZZ> e .= zZ-



Solve Deformed theories

0SS 2 S (M)
I\ = /r/ L/ ::"'}(_)TT
acr 1., .\ OL 1 1
=2 T 5 = \/ o =

1. The method of characteristics

2. Jackiw-Teitelboim-like Gravity

3. Field-dependent coordinate transformation
4. Uniform light-cone gauge approach

SH, Yi Li, Hao Ouyang, Yuan Sun, arXiv: 2503.09997[hep-th]



Example:
TThar From free boson to Nambu-Goto

L0 = 0¢pdo

Before the deformation: (Free boson)

- 1
A —_—
Lh = [420¢0¢ + 1~

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

| r U v Ded.l;}-c?naw;tion /

Infrared TTBar { Renomiization Flow

TTB defo

% ¥ & /Renomlation
Flow
in between

Local

Cavaglia, Negro, Szecsenyi, Tateo ‘16



Example:

TTbar From free boson to Nambu-Goto Becomes a higher derivative
gravitational theory L4 v

L0 = 0¢pdo

Before the deformation: (Free boson)

_ 1 5
LY =— 42090 +1 — — !
24 PoP 24 A
After the deformation: (Nambu-Goto IR
- Noncritical String theory)




|ntU|t|V6 I@SSO”S frOm TTbar Yuri Makeenko, Phys.Rev.D 110 (2024) 8, L081903
deformation S. H., Tianhao Wu, W.1.P.
Sng = / \/det (aﬂX : éh,X)

= / [\/g + %A“b(ﬁaX - Op X — gab)],

Integrate over X

1
S[gab, A?°] = /\/E 2 /)\abgab + Sx[gabs A*°],

o [[_ 125 o
Sx [Gan, A7 = 96 [ fr\/det—er‘@RAR
o (BN ga R + 2/\“5‘7@85%}%)]
Seed theories with TTbar- “ Seed theories coupled with gravit
Like deformation P ‘ ny



- ; Dualit
See_?_:"};gif:_e?k‘;v'th | 'y Seed theories coupled
deformation with gravity

QFT+ Deformation Gravity

AssociatlQ /

Geometrical Realization
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Geometric Realization of
TTbar and Root TTbhar in 2D



Massive Gravity

2D TTbar S, = Seavlgum Yuwl + Solgu, ).

2 05, e 2
e L L el — 1) VS, el -

A.J. Tolley, 1911.06142

det( f:) ofs TA det(.fﬁ)

on-shell value of S,y

-w

1
= det e, Tp (0, ) | 2A 2 a
_, = deteTo (e, e4) 4/d zdet(7;) mmmm)p Same as TTbar flow eq.
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Unify 2D TTbar and Root T Thar deformation

Syalgs e, il = Solé, ei] + Sgravley, fil,

y = tr(e ' f) = fek,

yo = trl(e™1f)?] = fael

. 1 t
Sgrav [rfﬁ,f ;:’] = / d?z det e f

o1 (2 + y? — y2 — 211 00511% - 2\/23;2 — y#sinh %)

.S as
T 0 - 0 grav
det ﬁ( | ]),uu - Ned ff:i - e E:j‘ ‘
H %

DoyA _ _ / d2z det f det(T*,),

OA TT
Y. A=Q
0S5 » 5 \/1 1
2 — [ dPxdet fo/=THTY — =(TY)2.
72 = [ Padet fy[5TETy - (1)

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

b v

I.J"et‘].'
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Unify 2D TTbar and Root T Thar deformation

8 A[Qf) E’”, L] = Sﬂ[ ] +S§§T’1V[ 3]

el f = Udiag(aq,...,aq) U1

1
ngv[ez, f:f] =3 /d2:1: det e(ay — 8%)(@2 — 6_%).
det e (T* = isj‘ el = —5‘%‘:“’ i ‘-V >, Sr‘x
a
ag’;’)‘ = — /d,z:r: det fdet(1",), l ) l B
S’ T7T
S, » S“ N

1 1
1 — 2,. ot _ L{;‘!‘ L __ L’ 2‘
=~ /d .Ldetf\/QT 1y — (1Y)

H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang, Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 0



Example for free Scalar

1

Seravle?, 4] = % / T
Sol; €] = / d*z det e (*éﬂﬂbﬁﬁﬂgauﬂbf)ué) . .

X (2 +yd —ya2 — 2u cosh% + 2\/23;2 — y#sinh %)

On shell solution of ¢},

EOM of ¢}
1 44 1 ‘
¢ o3 a 59 59 .
Sl (\/1 “DeEX | 1) L debe (T, = 5 St = — 5ga ey,
€ &
sinh 7 + 2 et3 X  sinh I\ sbeve s ' m
N E-—D=X © X )7 100 POus,
— 4et\X

Non-Critical NG String: S, ,[¢,e*., f2] = /dzml —v1 N ;

1
X = Enubf;ilff? ;¢¢6u¢'
C. Ferko, A. Sfondrini, L. Smith, and G. Tartaglino-Mazzucchelli, PhysRevLett.129.201604 17



Insights from von Neumann Algebra

Type I1: Semi-finite trace, No Projector Operator, e.g., gravity.

Type I11: No semi-finite trace, e.g., QFT.

Seed theory: Type 11l Von Neumann “ Deformed theory: Type 11 Von
algebra, No finite Trace Neumann algebra, finite Trace

Fine grain entropy (QES) is bounded by Black
hole thermal entropy,
No Type Il divergent entropy.

Seed theory + Deformation <mmm) Seed theory coupled with Gravity

TTbar deformation parameter
as nature cutoff Duality

18

Miao He, SH, Yi-Hong Gao, JHEP 03 (2022) 044



Emergent gravity from stress
tensor deformation Classically

Yunze Li, Yunfei Xie, Song He, 2508.15461[hep-th]



Starting with
Gravitational Path
Integral

grav

Duality

Resulting theory on the

Deformed gravitational

Background with Stress
tensor deformation

grr:w

!

loops

)

2, = [ DuDg e SlovI-sEl

zZ(\) —/D-q'l* 2N "] e—Sla" W1=S5d [97]
_ SN (A 151 . —SPF.]
:\/'D?f')>_,(> Zlo:::ps[ ﬂ,]t’.’. “ )‘-

[S[Q- Y] + Szg;i‘ﬂ)ﬂ [g]] g=g

S(A)[’} tj)] — [gc.v, L] + Sgrav[g{r]

limy ;0 9o = -




Starting with Z0), = / Diy Dy e~ Slav1-50 1l
Gravitational Path

Integral
l 0J,uv [b X ] " Sz“’r w [J ] |f1_f; = 0.

P

SOE. ] = Sgh. ]+ SN L) mx~o9a = 7,

Duality ‘
Serrlga: v] = SOF. ]
Q[ A* d (A) / spv s
EFT on the _ S[gcr L’] + /d mﬁst ( Ja T,uu)'
Deformed gravitational E
Background with Stress o }(;BT g, ] = —S()‘) 4, ] = akgggv[ga].

tensor deformation



TTbar deformation can be realized

Starting with Z0), = / Diy Dy e~ Slav1-50 1l
Gravitational Path
Integral l Sgrav|€p, f] = rore APz " eqp(ef, — f:f)(ef, — 9

o O[S9, 0] + Sinlal]l,_,. =0

g;y = Yuv T QékfﬁapfvnT‘ogr

e

Hm)\—}[} g; — ;}

dsS 1
Resulting Theory on the d—; =1 / d*z det(T};)
Deformed gravitational
Background with T Thar



Linearized Einstein Gravity vs Deformation

. . [?
Starting with S = Slg. Y]+ — o /ddx\@ (R —2A).
Gravitational Path
Integral 0 rar (M) _
1 ‘ C)‘J;”; [‘5 [fﬁ L] + ‘Sgr;w[g]] g=g* _ 0
* * * — 2%
R — 5]? gw + Agw — — A\ Tm,
gauge-fixing and ghost : « _ 2
terms to handle ‘ 11_111;\_>0 Jo — T

dlffeomorphlsm

h“u — /d‘it;\/ Y)G ppo (T, (T‘””(t})

T(y)i™ (1)) + O(N?),

EFT with Stress tensor ) A i L (o L . &
deformation Sny = 92]2 /d z Ly 5 17" — an , -




Linearized Einstein Gravity vs Stress tensor Deformation |

2 .
SO0l = 51, &) + 2o [ da /T me — ST+ 0(?)
— (l —

1

1 1
ST 0p000) —maﬂmawu] + 0.

— 5 / dd.’f,'\/ﬁ [T}f’”aﬂq-f)aﬂ(_j _+_ /\f —2 ((:)H(b(‘)y (f) -

1
] I Jpv = Tpv — 2/\Z_2 A aj,(.i{}ay@ + O )\2 9
Redefine the metric e 0 (A%)

field g = + 2/\5—21|ja%a”o + O(N\?).
2
SO =2 / dh\/9977 00050 — ;—/\ d'a/i (9" = 1) O Gy = ) - ;(an*w DO gpo = d)) + O(N?),
| ‘ g=mn-+Ah
Free scalar coupled with 2
Linearized Einstein d%x/q R.
2\ V9

gravity



Linearized Einstein Gravity vs Stress tensor Deformation 1

A2 1.
5‘(/\) [-}f]_._ A] — Sh’laxwell[qf A] -|— 2 /d4} f ir;u} D (Tﬂu - QTST]‘(JU) _|_ O(/\Q)
1 /\f 2 1 1 1
— /(}4,1"\/ _”|: - 1 ﬂfﬁFﬂ,B (Fﬂ(}-E} - Z”ppFafﬁF ) _lj (F}imFU(x o i”ﬂl}FaﬁFﬂiﬂ ):| + ()(AZ).

1 1
gif.u — ?},‘LV + QAI_QE(RJQFVQ - E”}uxFaﬁFQﬁ) + ()(’\2)

1

Redefine the metric

field P = = N (P Y — 1 FagFP) + OOV,
1 12 .
S — 7 /d"l.ra./—ggm’gﬁ‘sFaﬁF 573X d*a/=1(g" — ") O(gpw — M) + O(N?).
‘ g=mn+Ah
Maxwell field coupled with |2

d
Linearized Einstein gravity 2\ d"x\/g R.



The framework can be also applied
to Palatini gravity

How about from Field to Gravity?

Refer to: Yunze Li, Yunfei Xie, Song He, 2508.15461[hep-th]
Yunze Li, Yunfei Xie, Lixin Xu, Song He, WIP



Corresponding gravity from deformed Field theory

Starting with
Gravitational
Path Integral

No systematical
way to do the
Inverse procedure

)
0G0

= 0.

g=g

[Slg. ¥ + S [o]]

EFT with Stress Tensor
deformation



Generic framework

krw[g w] — ddl\/_A(A ( . R!“‘f X,{(w)* “ )

OAN 1
_ AW —

g 2 I =10, By Guessing work
_ O A(A) To satisfty the
Vo(Vigr.) EOM

SN (g%, 1] = ddz\fAW( 9" Ry X (). o
g

- f /B (g, XD, 60).  (22)



2(d—1)(1=AV)V*¢V,0  (d—2)(1—2)V)

GraVitational AN = F(V) IA(1—AV)
Theory FV) (d-1)(d=2) PR  2VR
+4)\(d—1)( (1—-A\V)? +(d—2)2_1—)\V)’

H. Babaei-Aghbolagh, Song He,

NO SyStematical Tommaso Morone, Hao Ouyang, Roberto
Tateo, Phys.Rev.Lett. 133 (2024) 11,

way to do the 11160
inverse procedure TThbar + Root TThar

-

S0, ] + SO, [
%”[ (9, 0] + Sik 9]

qg=g*

1 1
OAS(E)I:“)T — [{lfizlf\/a[%tl'(TéFT) — dj(tl'TEFT)Z

(Z—Q 1
_ tr7T; T‘T2 _Z(trTh 2]'
2d3/2y/d—1 tTerT ) tr( EFT) d(l EFT)

EFT with Stress |
tensor s _ / ., \/5[12,\1/\/ll\f/\(;VAV)Vwfoﬁ]f
deformation (1=2V)




More generic examples can be
found In this framework
from Field to Gravity

Refer to: Yunze Li, Yunfei Xie, Song He, 2508.15461[hep-th]



SMaa: =t 7 SBI )

lvz LR Lo =

SMM Y ——?SGBI 'Y)

Hossein, Bin Chen, SH,
Phys.Rev.D 112 (2025) 10, L101702

B EA(A)QW =0,
(A)
%o(Vi5,.) =
A
R

cosh 8 + b(vy)R —

2 sinh ~

mﬁ.llf;rlr iy amh

4 jLus

L\ JAB PP Fy Fow — (F, Fomn)?,

By guessing work
To satisfy the
EOM

b(~)? R?2
4smh vy /S* + P

82 + P2
b(y)



How can we Emergent Linearized
Einstein Gravity
Semi-classically?

Refer to: Yunze Li, Yunfei Xie, Song He, 2508.15461[hep-th]
Yunze Li, Yunfei Xie, Lixin Xu, Song He, W.I.P.



Starting free field 4
thgeory Solgsel = o [ d*zv/|gle]| [g"[€]0,00,¢ + m* ]

1

R (j“ﬂ.u o
5 d— 2

Tf n*")

Deformation
. L A\ '
Ashs_?zlea;r?i(igélth o7 /d41d4?j\/g v)9(y)H v po (2. y) (TH (0 )TW(?J))'
Einstein Gravity

Huvpo(2,y) = Guupe(t,y) — 2Guas(,9)9%7 (¥)9po ()

What is the
corresponding
gravity?

[—gtPg"?0 — RFPYT — RVPRI| G hoap(T,y) = d(x — y)dhoy



To find the Walg = —é /D@ dr tr(e—T(-CH+m?)
one loop A e Sln(A/m)
) - s 2 Ny, oo\ 2In(A/m 2 1 1o
correction = i /d .L\/E[ﬁ + 3 (R 6m ) 3 (m R —3m* dl:lﬁ’ l?H
‘]' Iy 1 LI (T 0
2 R R — o Rype R )| + O(A").
. | Need
S. Weinberg and E. Witten, Phys. Lett. B 96, 59 (1980). Non-local
deformation!
4 52Wy
THY TP (4
{ ( ) ()')> \/g(:lr)\/!}(y) 6gpy(3:)5g;,g(j})
— _641?1‘2 [(A4 —o2m2A% & 2-1r:r1r.4]11(1"1/-m.))(.g:;.v"“’“”,g."”'”r —g""q"" — "7 ¢"")o(x — y)

2 .
- §(A2 — Qm.zln(A/-m.)) ((2(}““(}‘” + g"*g"7 + ¢g"?¢"")0 — 2¢"" VPV — 2¢P°VHV”
— ARMPVOT Qgp.uRprr + QgpaR_uu o g.upRu:r - g;uIRup - gupRpJ o g_Ut’}'Rp.p) 5(?: - U)

+ In(A/m) Fg (x, y)] + O(AY),



A AL/ a
ZW = z, (1 -~ ﬁ/d4:1:d4y\/g(:1:)g(y)Hng(:I:,y)(T“’ (x)T" (y)))

Heat kernel
expansion
\Z
Zlgég = Zy + 1287:;[2 /d%‘f[ ~ i (13A6 — 10m2*A* — 16m?*A*In(A/m) + 10W?;4A21n(/\/m))
— 12R (7/\4 + 8A*In(A/m) — 14m*A*In(A/m) + 16m* (In(A/m))? —|— O Vd)]
ﬂ'
A2,
— Zo+ 220 [ gtz /g [ag +a1R+ O v4 Go back to
202
Linearized Einstein
gravity!

Zol?
Z{) = 2, 2“)\ / d‘lx\/g[RJro V4)




\Z , , i
ZN) = Z, + U /dir\/_[ — — (1 3AY — 10m2*A* — 16m*A*In(A/m) + 10*mflA2111(A/:rn))

reg 128722 A2

13 (7A4 + 8A*In(A/m) — 14m*A*In(A/m) + 16*n'a;4(ln(A/m))2) + O(V4)]
2

AZy |
= 2o + el d*zy\/g [(}fg + a1 R+ O(V4)}, 16m4(1n(A/m))2

Minimal
Subtraction

A
—In— +1n ﬁ = L;\,u, + Lp,'m.
U ™m

In

A
m

. . m Go back to
16m=(L,m)” = 16m’ (111 E) : Linearized Einstein
grawty'
A 4
zZ l2 .\;:: c)
Zrog = 2o 20,\ [ d'+/g {R + OV )] \gj

- o




Summary

OPropose a prescription to unify the TThbhar & Root TThbar
deformation in two and higher dimension.

OOffer a duality between field theory and gravitational theory.
OOffer a mechanism to derive gravity from field theory(vice versa).
Future Directions:

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

O How to glue the spacetime ......



Thanks
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