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But let’s talk physics now!



  

Framework: Conformal Field Theory

Quantum Field Theory Conformal symmetry

The established theory of fundamental interactions All transformations that leave angles invariant

Translations: 

Rotations+Lorentz:

Scale transformations:

Conformal inversion:



  

Why are we interested in it? (Experiments)

Systems at second order phase transitions are scale invariant!

• Mixing of liquids (Critical opalescence)

• Ferromagnets

• Superfluids

• Superconductors
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Why are we interested in it? (Theory)

• Renormalization group flow fixed points

• String theory worldsheet

• Quantum Gravity through Holography

• Under strong mathematical control

• Non-perturbative results!

UV

IR
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Conformal bootstrap!



  

The Power of Conformal Symmetry

Operator 
Product 

Expansion 

CFT data:



  

Studying Four-Point Correlators

Conformal bootstrap: consistency of different OPE expansions to constrain CFT data 

Conformal blocks:                       , eigenfunctions of quadratic and quartic Casimir operators 

OPE

[Dolan,Osborn; 2003]

Crossing Equation

Good knowledge of blocks allows to formulate constraints on CFT data!



  

An aside: in two dimensions

In 2d, the symmetry algebra of CFT is more complicated but more powerful:

Virasoro algebra

Plenty of results in the literature. There also exist completely solvable models (e.g. minimal models)

Some personal contributions:

● Expression for completeness relation

● ∞-order Casimir operator

● Explicit four-point Virasoro blocks

[J.-F.Fortin,L.Q.,W.Skiba;2024a]

[J.-F.Fortin,L.Q.,W.Skiba;2024b]

[J.-F.Fortin,L.Q.,W.Skiba;2025]



  

Back in          : Four-Point Lightcone Bootstrap

► Study correlation function when some operators are almost null separated

► Universal large-spin expansion around free theory         CFT data!       

● Lightcone bootstrap: [Alday, Caron-Huot, Fitzpatrick, Kaplan, Komargodski, 
Poland, Simmons-Duffin, Zhiboedov, …]

[C.Bercini,V.Gonçalves,P.Vieira;2020][A.Antunes,M.Costa,V.Gonçalves,J.Vilas Boas;2021] 
[A.Kaviraj,J.A.Mann,L.Q.,V.Schomerus;2022][S.-P.Harris,A.Kaviraj,J.A.Mann,L.Q.,V.Schomerus;2024]

Extension of this to more than four-point correlators?

► Characterization of higher-point blocks

► Higher-point lightcone bootstrap

[I.Burić,S.Lacroix,J.A.Mann,L.Q.,V.Schomerus;2020,2021a+b+c]



  

● Part of the global structure of QFTs is inaccessible from local observables

● Setups with extended objects, with conformal symmetry partially broken

● Impurities in experiments, Wilson lines in gauge theory, branes in AdS,...

● Preserve some structure of theory (symmetry, integrability...)

● Techniques like bootstrap still effective in constraining dynamics

CFT in the presence of a Defect



  

● Conformal defects break symmetry into parallel conformal group and transverse rotations:

Conformal Defects: Basics

● New conformal data can be probed. Non-vanishing one-point functions:

● Kinematically constrained bulk-to-defect two-point functions

● Bulk fields labeled by                     conformal dimension     and spin    

● Defect fields labeled by                     parallel conformal dimension     
and spin   , plus                  transverse spin    



  

Conformal Defects: Expansions and Crossing

∃ Crossing equation for defect CFT ⟹ constraints!

● Notion of Defect Operator Expansion (DOE)

Simplest example: Bulk-Bulk two-point function

Bulk channel Defect channel
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● Notion of Defect Operator Expansion (DOE)

Simplest example: Bulk-Bulk two-point function

Bulk channel Defect channel

Can also do lightcone bootstrap!                                                    Data on[Lemos,Liendo,Meineri,Sarkar;2017]...



  

Upcoming: LC Bootstrap for Bulk-Bulk-Defect

W.i.p. with Lorenzo Bianchi and Andrea Mattiello:

Dynamics of bulk-defect double-
twist operators:Solution of crossing in the 

lightcone limit for this setup 

More is to come… Stay tuned!
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