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Introduced as an irrelevant deformation of 2D QFTs

8)\5)\ — %/dzx\@ (TabTa’b — Tg)

¢ 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 77 ?

Standard example: deforming the free boson

So= [ day/g0p)

Nambu-Goto action in static gauge (+ vacuum energy term)

S X %/d2$\/§ (\/1 2A(0p)? — 1)
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What is the 77 ?

Since 2016:

€

Growing interest in T'T" and T'T -like deformations

€

Higher-dimensional extensions (at the classical level)

(3‘,\5,\ — /ddaz\@f (Tab)

¢ Stress-tensor deformations as couping to gravity
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Look at higher-dimensional 7T -like deformations
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... going back to 1904



The Poincare conjecture



The Poincare conjecture

Every simply connected, closed 3-manifold
can be continuously deformed into a 3-sphere
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Grigori Perelman: The genius in hiding
By Jennifer Ouellette
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o (almost) all the dirty work.

Let
and ultimately the manifold reduces to a sphere.

Use geometric flows to “smooth out” high curvature regions
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Perelman’s idea:

Let geometry do (almost) all the dirty work.
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100 years later

The entrgpy tformula, for the Ricel flow
and its geometric applications

5.3* An entropy formula for the Ricci flow in dimension two was found
by Chow [C]; there seems to be no relation between his formula and ours.

The interplay of statistical physics and (pseudo)-riemannian geometry
occurs in the subject of Black Hole Thermodynamics, developed by Hawking
et al. Unfortunately, this subject is beyond my understanding at the moment.
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Question

Do Ricci flows arise in physical space-time as well?

Take a lesson from General Relativity:

O

Matter fields influence space-time geometries

% Rgap = Lap

. solve Einstein field equations to see

what space-time looks like
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Short answer

Yes! If the matter action satisfies the PDE

1
5’)\3)\ X /ddx\@ (TabTa’b QTC?)
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The simplest example

Riccirsolitons = self-similar solutions to the Ricci flow.

Easy physical realization: vacuum energy term.

S(0) = —/d4x\/§/\ — S(A) = _/d%\@(l +A)\A>

~f(r)de?
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The simplest example

Riccirsolitons = self-similar solutions to the Ricci flow.

Easy physical realization: vacuum energy term.
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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

\v/

Deform them to obtain Ricci flows in space-time
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A more complicated example

1
S() — Z /d4$\/§FabFab
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Back to 2D:

T'T-deformed matter = undeformed matter +/massive gravity theory

Ghost-free massive gravity theories > bi-metric theories

Sgrav — Sgrav [97 h]
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oD T'T deformations:
Sxlh] = Solg”] + Sgravlg™, R/

Higher dimensions:

% /ddx h RIh| 4+ Sxlh] = Solg”] + Sgravlg™ I

E.Q., In 4D:

Surav =5 | o (V/Idetlga + AR (D)1 - V)



It’s all about (massive) gravity

Generally true for any stress-energy tensor deformation.

E.g. root-1T"T deformations:

1

Seray = 5 /d4x\@ :R(F) coshg - sinh %\/4Rab(F)Rab(F) — (R(F))Q:




€

"€

€

Final remarks

T'T, Ricci flows and massive gravity theories

\v/

Look like very different things, but ultimately are the same

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

Connections with self-dual, non-linear electrodynamics

T'T and Bekenstein-Hawking entropy



Thanks!



