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Stuck at Weak Coupling
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 Main tool: perturbation theory∘

 Limited to weakly-coupled theories∘
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“Space” of 
all QFTs

Weakly-coupled 
regions

 How do we explore the full space 
   of physical systems?
∘
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Goal
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Numerically compute dynamical observables in strongly-coupled QFT
 Wavefunctions (PDFs)

 Time-dependent correlation functions (finite temperature, finite density, …)

 Scattering amplitudes


 (Insert your personal obsession here)

∘
∘
∘
∘

hep-ph/0312114
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First Steps
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Computed on a laptop
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Approach: Conformal Truncation
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Mass 
Scales

High Energy (UV)
Zo

om
in

g 
ou

t

Low Energy (IR)

Fixed 
Point

Use universal short-distance data…

…to obtain long-distance dynamics
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From CFTs to QFTs
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Fixed 
Points

“Roadmap” of 
all QFTs
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But How?
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 In simpler times…∘
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i@t| i = H| i
 Weak coupling: Impractical (old-fashioned perturbation theory)


 Strong coupling: Impossible (continuously infinite Hilbert space)

∘
∘

What if we only diagonalized 
part of the Hamiltonian?
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Hamiltonian Truncation
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 Old idea (Rayleigh-Ritz) for approximating energy eigenstates


 Basic steps:

1) Discretize Hilbert space

2) Truncate to finite-dimensional subspace

3) Diagonalize truncated Hamiltonian

∘
∘
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Solvable theory 
(e.g. free or CFT)

NOT small 
perturbation!
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What’s a Good Basis?
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 Need basis with large overlap with low-energy states


 Conformal Truncation: use natural basis for UV fixed point

∘
∘

Use CFT 
basis

 Many other truncation approaches (mostly in 1+1d):

  DLCQ Pauli et al ’85, TCSA Yurov et al ’90, Massive Fock Space Rychkov et al ’14,

  HTET Cohen et al ’21, RCMPS Tilloy ’21, …

∘
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Conformal Truncation
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1) Discretize: use CFT basis of local operators


   with energy divided into discrete bins (in fixed  frame)

2) Truncate: restrict to operators with , finite number of 
energy bins for each


3) Diagonalize: construct Hamiltonian from CFT data and diagonalize 
numerically 

⃗p
Δ ≤ Δmax
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Observables
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 Diagonalize truncated Hamiltonian  Mass spectrum ∘ → M2
α

Exact QFT 
Spectrum

Truncated 
Spectrum

Vacuum
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Recap

12

Output: 

Input: 
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UV Fixed Point

IR QFT
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Use universal short-distance data to solve 
general strongly-coupled systems
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Many Applications Already…
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 Two possible approaches:∘
…But What About Gauge Theories?

Free Quarks, Gluons

QCD
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 Marginal ( ) 
 Not Gauge-Invariant

∘ d = 3 + 1
∘

 Relevant 
 Gauge-Invariant

∘
∘
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 Works for any gauge theory (including chiral)∘
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Ongoing / Future Directions
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 Full analytic structure of -matrix (bound states, resonances)


 Energy correlation functions, PDFs, entanglement entropy


 Finite temperature dynamics (sound, transport)


 Finite chemical potential (charged states)


 Gauge theories from interacting fixed points (Banks-Zaks,  SYM)


 You tell me - what else should we target?

∘ S
∘
∘
∘
∘ 𝒩 = 4
∘

New toolkit for nonperturbative dynamics
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