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Well defined at the quantum level


Preserves integrability of the theory


Allows exact computation of S-matrix elements and energy spectrum
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What is the        ?

Since 2016: 

Growing interest in  and -like deformations


Higher-dimensional extensions (at the classical level)


Stress-tensor deformations as couping to gravity

[Conti, Romano, Tateo 2022]

[Dubovsky, Gorbenko, Mirbabayi 2017]
[Tolley 2019]
[Morone, Negro, Tateo 2024]

[Taylor 2018]
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The Poincarè conjecture
Every simply connected, closed 3-manifold 

can be continuously deformed into a 3-sphere

<latexit sha1_base64="Zjsvh7Rr9tl86OFxVFaV9LmsBrQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhL3NXLJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU5qdbh0W9B0yxW/6s9AlkmQkwrkqHfLX51ewjKJyjJBjWkHfmrDMdWWM4GTUiczmFI2pH1sO6qoRBOOZ/dOyIlTeiROtCtlyUz9PTGm0piRjFynpHZgFr2p+J/Xzmx8FY65SjOLis0XxZkgNiHT50mPa2RWjByhTHN3K2EDqimzLqKSCyFYfHmZNM+qwUU1uDuv1K7zOIpwBMdwCgFcQg1uoQ4NYCDgGV7hzXv0Xrx372PeWvDymUP4A+/zB0QjkB8=</latexit>

=)
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Perelman’s idea:
Let geometry do (almost) all the dirty work.



Use geometric flows to “smooth out” high curvature regions 
and ultimately the manifold reduces to a sphere.
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Let geometry do (almost) all the dirty work.

<latexit sha1_base64="Zjsvh7Rr9tl86OFxVFaV9LmsBrQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhL3NXLJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU5qdbh0W9B0yxW/6s9AlkmQkwrkqHfLX51ewjKJyjJBjWkHfmrDMdWWM4GTUiczmFI2pH1sO6qoRBOOZ/dOyIlTeiROtCtlyUz9PTGm0piRjFynpHZgFr2p+J/Xzmx8FY65SjOLis0XxZkgNiHT50mPa2RWjByhTHN3K2EDqimzLqKSCyFYfHmZNM+qwUU1uDuv1K7zOIpwBMdwCgFcQg1uoQ4NYCDgGV7hzXv0Xrx372PeWvDymUP4A+/zB0QjkB8=</latexit>

=)

(& a lot of hard surgery theory)



RICCI FLOW

Perelman’s idea:
Let geometry do (almost) all the dirty work.

<latexit sha1_base64="Zjsvh7Rr9tl86OFxVFaV9LmsBrQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhL3NXLJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU5qdbh0W9B0yxW/6s9AlkmQkwrkqHfLX51ewjKJyjJBjWkHfmrDMdWWM4GTUiczmFI2pH1sO6qoRBOOZ/dOyIlTeiROtCtlyUz9PTGm0piRjFynpHZgFr2p+J/Xzmx8FY65SjOLis0XxZkgNiHT50mPa2RWjByhTHN3K2EDqimzLqKSCyFYfHmZNM+qwUU1uDuv1K7zOIpwBMdwCgFcQg1uoQ4NYCDgGV7hzXv0Xrx372PeWvDymUP4A+/zB0QjkB8=</latexit>

=)

(& a lot of hard surgery theory)

(& a lot of hard surgery theory)

The full proof is 320+ pages long!
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Do Ricci flows arise in physical space-time as well?

Question



Take a lesson from General Relativity:

Matter fields influence space–time geometries
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Do you need to know 
what the deformed theory looks like?

No, you don’t!

Dressing mechanisms allow you to work directly on the EoMs.

Start from known solutions to Einstein’s equations

Deform them to obtain Ricci flows in space–time
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= static, spherically symmetric electromagnetic black hole
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A more complicated example

Start from Reissner–Nordstrom solution 
= static, spherically symmetric electromagnetic black hole


Deformed solution:

(Born-Infeld black hole)



A more complicated example
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It’s all about (massive) gravity

Back to 2D: 

[Tolley 2019]

-deformed matter = undeformed matter + massive gravity theory

Ghost-free massive gravity theories           bi-metric theories 

[De Rham, Gabadadze, Tolley 2019]
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It’s all about (massive) gravity

Generally true for any stress-energy tensor deformation.


 
E.g. root-  deformations: [Babaei-Aghbolagh, He, Morone, Ouyang, Tateo 2024]

[Morone, Brizio, Tateo 2024]



Final remarks

, Ricci flows and massive gravity theories
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Look like very different things, but ultimately are the same

Quantum (or, at least, semi-classical) description?


Connections with self-dual, non-linear electrodynamics


 and Bekenstein-Hawking entropy

[Aschieri, Ferrara 2013]

[Morone, Brizio, Tateo 2024]



Thanks!


