
Ningbo University  

Geometric Realization of Stress-Tensor 
Deformed Field Theory 

2024/05/16 

Song He  

Quantum Gravity and Cosmology 2026, 
@Bologna, Italy 

H. Babaei-Aghbolagh,  Song He, Tommaso Morone, Hao Ouyang, Roberto Tateo,  
Phys.Rev.Lett. 133 (2024) 11, 111602 
Song He, Yi Li, Hao Ouyang, Yuan Sun,  arXiv: 2503.09997[hep-th] 
Yunze Li, Yunfei Xie, Song He, 2508.15461[hep-th] 
Yunze Li, Yunfei Xie, Lixin Xu, Song He, WIP 



Outline 

 Background & Motivations  

 Geometric realization of 2D TTbar & Root TTbar 

 Emergent gravity from stress tensor deformed field theory 

 Summary and perspectives 
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To understand nature of Gravity 

 
Holographic nature of Quantum Gravity 

 proposed by t’ Hooft and Susskind 
 
 
 

Background & Motivations 



I. AdS5/CFT4 
II. AdS4/CFT3  (ABJM) 
III.AdS3/CFT2 
IV.  nAdS2/nCFT1, nAdS2/SYK4 
V. Non-AdS/CFT (Celestial 

Holograph) 
VI. dS/CFT 
VII.… 

AdS/CFT correspondence,  Maldacena 1997 

How to realize the Open-Close duality in target spacetime?  
Alternative way to understand gravity (New duality)?  
Thought experiment to go beyond holography…… 
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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 

 
 

Background & Motivations 
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Single CFT Gravity with matter 

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



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

Definition of TTbar & Root TTbar: 

Then in { 𝐳𝐳, 𝐳𝐳� } coordinates,  

where in 2D CFT, we define 
 F. A. Smirnov and A. B. Zamolodchikov, Nucl. Phys. B 915 
(2017) 363–383, arXiv:1608.05499. 

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. 
Smith, and G. Tartaglino-Mazzucchelli, Phys. Rev. Lett. 
129 no. 20, (2022) 201604 



8 

Solve Deformed theories 

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] 



TTbar From free boson to Nambu-Goto 

ℒ0 = 𝜕𝜕𝜕𝜕𝜕̅𝜕𝜙𝜙 

Before the deformation: (Free boson) 

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

Example: 

Cavaglia, Negro, Szecsenyi, Tateo ‘16 



TTbar From free boson to Nambu-Goto 

ℒ0 = 𝜕𝜕𝜕𝜕𝜕̅𝜕𝜙𝜙 

Before the deformation: (Free boson) 

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

Example: 
Becomes a higher derivative 
gravitational theory 
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Seed theories with TTbar-
Like deformation 

Seed theories coupled with gravity 

Yuri Makeenko, Phys.Rev.D 110 (2024) 8, L081903 Intuitive lessons from TTbar 
deformation 

Integrate over X 

S. H., Tianhao Wu, W.I.P. 
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Seed theories with 
TTbar-Like 
deformation 

Seed theories coupled 
with gravity 

Duality  

QFT+ Deformation  
Associated T 

Gravity 

Geometrical Realization 



Geometric Realization of  
TTbar and Root TTbar in 2D 
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V.S. 
  EOM of   EOM of 

2D TTbar 

Same as TTbar flow eq. 

A. J. Tolley, 1911.06142 
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Unify 2D TTbar and Root TTbar deformation 

H. Babaei-Aghbolagh, SH, Tommaso Morone, Hao Ouyang, Roberto Tateo, Phys.Rev.Lett. 133 (2024) 11, 111602 
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Unify 2D TTbar and Root TTbar deformation 

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

 C. Ferko, A. Sfondrini, L. Smith, and G. Tartaglino-Mazzucchelli, PhysRevLett.129.201604 

EOM of On shell solution of 

Non-Critical NG String: 
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Miao He, SH, Yi-Hong Gao, JHEP 03 (2022) 044 
 

Seed theory: Type III Von Neumann 
algebra, No finite Trace 

Deformed theory: Type II Von 
Neumann algebra, finite Trace 

 
Type II：Semi-finite trace, No Projector Operator, e.g., gravity. 
 
Type III：No semi-finite trace, e.g., QFT. 

 Insights from von Neumann Algebra 

Duality  

Seed theory + Deformation Seed theory coupled with Gravity 

Fine grain entropy (QES) is bounded by Black 
hole thermal entropy,  

No Type III divergent entropy. 

TTbar deformation parameter 
as nature cutoff 



Emergent gravity from stress 
tensor deformation Classically 

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



Starting with 
Gravitational Path 

Integral 

Resulting theory on the  
Deformed gravitational 
Background with Stress 

tensor deformation 

Duality  



Starting with 
Gravitational Path 

Integral 

EFT on the  
Deformed gravitational 
Background with Stress 

tensor deformation 

Duality  



Starting with 
Gravitational Path 

Integral 

Resulting Theory on the  
Deformed gravitational 
Background with TTbar 

TTbar deformation can be realized 



Starting with 
Gravitational Path 

Integral 

EFT with Stress tensor 
deformation 

Linearized Einstein Gravity vs Deformation 

gauge-fixing and ghost 
terms to handle 
diffeomorphism 



Redefine the metric 
field 

Free scalar coupled with 
Linearized Einstein 

gravity 

Linearized Einstein Gravity vs Stress tensor Deformation I 



Redefine the metric 
field 

Maxwell field coupled with 
Linearized Einstein gravity 

Linearized Einstein Gravity vs Stress tensor Deformation II 



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 



Starting with 
Gravitational 
Path Integral 

EFT with Stress Tensor 
deformation 

No systematical 
way to do the 

inverse procedure  

Corresponding gravity from deformed Field theory 



By Guessing work 
To satisfy the 

EOM 

Generic framework  



Gravitational 
Theory 

EFT with Stress 
tensor 

deformation 

No systematical 
way to do the 

inverse procedure  TTbar + Root TTbar  

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



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] 



By guessing work 
To satisfy the 

EOM 

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



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 
theory 

Deformation 
Associated with 

Linearized 
Einstein Gravity 

What is the 
corresponding  

gravity?  



To find the 
one loop 

correction 

Need  
Non-local 

deformation! 



Heat kernel 
expansion 

Go back to 
Linearized Einstein 

gravity! 



Minimal 
Subtraction 

Go back to 
Linearized Einstein 

gravity! 



Summary 
Propose a prescription to unify the TTbar & Root TTbar       

deformation in two and higher dimension. 

Offer a duality between field theory and gravitational theory. 

Offer a mechanism to derive gravity from field theory(vice versa). 

Future Directions: 

Holography & Quantum aspect of deformed theory. 

By celestial holograph to construct 4D UV complete gravity. 

 How to glue the spacetime …… 
SH, Pujian Mao, Xincheng Mao, Phys.Rev.D 110 (2024) 8, L081901;  
SH, Pujian Mao, Xincheng Mao, Phys.Rev.D 107 (2023) 10, L101901 



Thanks 
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