
TTThe        Connection            

Athens Xmas Workshop in Theoretical Physics, 
NKUA, Athens, 17th of December 2025

Evangelos Tsolakidis 
University of Iceland

Based on 2405.07967 & WIP with Alexia Nix



E Θ

“UV”

“IR”

<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model

<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity
<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model

<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity

<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model
<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity



E Θ

“UV”

“IR”

<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model

<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity
<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model

<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity

<latexit sha1_base64="3IqzwoU/ao3e3IaR7BYGuR4zOcM="></latexit>

Lstandard model
<latexit sha1_base64="j6hgShdIdiLaQBJ+sCWLKcATzbY="></latexit>

Lgravity
This program is located here



Deforming QFT’s

<latexit sha1_base64="RVcBnK1HQy2LZFvU0EG456HZ7Y4="></latexit>

L0 → Lω = L0 + ωO

undeformed (seed) deformed parameter operator

Q: Is that all? Is there another way of deforming a theory? If yes how? 

A: Take one derivative with respect to the parameter
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ωLω

ωε
= O

• “Flow equation”, PDE 
• Only one initial condition
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Lω = L0 + ωO
<latexit sha1_base64="7DADoHMWykiPCQqJjYc4h7GqD7o="></latexit>

Lω =??

• What is this? 
• Anything useful? 
• Examples? 
• How to obtain?

implicit

new wayold way

Q: Which operators have an implicit dependence?
A: 

 implicit 
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Zamolodchikov ’04 
Smirnov, Zamolodchikov ’16 

Cavaglia, Negro, Szecsenyi, Tateo ’16

• Overall, give me  and  and I can give you  by solving the flow equation 

•  can be a CFT, what can I pick for ? (                        )            (                 )
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• Consider the stress tensor given by 
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vielbein

• Then,  is the operator in  as • defined 
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irrelevant, 
protected! 

quadratic polynomial of the stress tensor  

• This operator has remarkable properties and has been studied in many contexts  
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power 2, polynomial
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d = 2

String Theory Cutoff AdS3/CFT2
Cavaglia, Negro, Szecsenyi,  
Tateo ’16; Frolov ’19;  
Blair ’20 … 

Freidel ’08; McGough, Mezei, 
 Verlinde ’16; Guica, Monten ’19 

…

! "  Massive Gravity Flat JT Gravity 
Tolley ’19; Mazenc, Shyam Soni ’19 

…

Bonelli, Doroud, Zhu ’18 …

Ansatz (    ) 
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S0

Perturbation theory 

Random Geometry 
Conti, Negro, Tateo ’18 …Cardy ’18 …

Dubovsky, Gorbenko, Mirbabayi ’17; 
Dubovsky, Gorbenko, H-Chifflet ’18 

… 

! "  Massive Gravity seems to be the most  
simple, direct, and general approach

Main approaches to 
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TT

flat background 

quadratic approx. e.o.m

??

“Change of Coordinates” 
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! "  Massive Gravity
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d = 2

only this part is responsible for the deformation
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It turns out that in general
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correspondence equality 



Uplift in any dimension <latexit sha1_base64="msoztlt++nbzQinecNaJVDRM5Fo="></latexit>

d = d

<latexit sha1_base64="37E0z/JVXHJaWKILP+lqnNDV7U4="></latexit>

! ! G[" , tr( Y ), tr
!
Y 2"

, . . . , tr
!
Y d"

] = F [" , tr( T), tr
!
T2"

, . . . , tr
!
Td"

]

Actually, Cayley - Hamilton theorem 

In two dimensions F was picked to 
be a polynomial of order two

In d dimensions F will then be 
picked to be a polynomial of order d

In two dimensions G was picked to 
be a polynomial of order two

In d dimensions G will then be 
picked to be a polynomial of order d

Result     

Both G and F are uniquely determined via the equation above 
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Gravity Field Theory
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! "  Minimal Massive Gravity
Hassan, Rosen ’11 (d=4); 

Bergshoeff , Hohm, Merbis, 
Routh, Townsend ’14 (d=3) … 
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Taylor ’18; Hartman, Kruthoff , 

Shaghoulian, Tajdini ’19
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power 2, polynomial
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String Theory Cutoff AdS3/CFT2
Cavaglia, Negro, Szecsenyi,  
Tateo ’16; Frolov ’19;  
Blair ’20 … 

Freidel ’08; McGough, Mezei, 
 Verlinde ’16; Guica, Monten ’19 

…

! "  Massive Gravity Flat JT Gravity 
Tolley ’19; Mazenc, Shyam Soni ’19 

…

Bonelli, Doroud, Zhu ’18 …

Ansatz (    ) 
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Perturbation theory 

Random Geometry 
Conti, Negro, Tateo ’18 …Cardy ’18 …

Dubovsky, Gorbenko, Mirbabayi ’17; 
Dubovsky, Gorbenko, H-Chifflet ’18 

… 

! "  Massive Gravity seems to be the most  
simple, direct, and general approach

Main approaches to 
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“Change of Coordinates” 
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power d, polynomial
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p-Branes ?
Cutoff AdSd+1/CFTd

Taylor ’18; Hartman, Kruthoff , 
 Shaghoulian, Tajdini ’19

! "  Minimal Massive 
Gravity 

Bonelli, Doroud, Zhu ’18 …

Ansatz (    ) 
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Perturbation theory 

Random Geometry 
WIPHartman, Kruthoff , Shaghoulian, Tajdini ’19
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flat background 

quadratic approx. e.o.m 
WIP

WIP

Operators match quadratically + λ corrections!

Flat JT Gravity in any d ?

What’s this?

??

“Change of Coordinates” 



So what? Can I calculate something that I could not before? 

Sure! Just look at the deformation of E/M in 2d 
(with a potential)  

Brennan, Ferko, Sethi ’19
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z = F 2!

perturbative

exact

regularized hyper

potential

kinetic

• Infinite extensions to Schwarz's list 1873 
• Closed form expression for infinite sums 
• Hypergeometric is geometric 



Conclusions

• Stress tensor deformations constitute an interesting, modern research direction 

• Massive gravity provides a natural framework for the study of their properties 

• A seed theory deformed by F essentially amounts to coupling that seed to G 

• We found a deformation of order d that extends previous holographic results 

• On the gravity side we found a well-studied ghost-free minimal massive gravity 

• We partially recover other formulations successfully 

• We provide a concrete connection to the algebraic properties of special functions  

Thank you!


