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Motivation
❖ (Beyond) Standard Model tests require nonperturbative QCD input for hadronic amplitudes/matrix elements 

- QCD spectroscopy/structure (LHCb, JLab) 

- Neutrino experiments (DUNE, ) 

❖ Lattice QCD is precise, but hard to get dynamical info 

❖ Real-time evolution of lattice theories are the dream 

❖ Quantum complexity (entanglement/magic) grows near critical point 

❖ Informs quantum circuit design, state preparation, and improvements in classical methods (Tensor Networks)

0νββ
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https://ep-news.web.cern.ch/content/lhcb-discovers-double-charm-tetraquark
<latexit sha1_base64="lbW6k0/rAeJHsFj3XgbdFXSeY6k="></latexit>

T+
cc → DD→ → DDω

Bauer, Davoudi, Klco, Savage Nature Rev. Phys. 5

https://ep-news.web.cern.ch/content/lhcb-discovers-double-charm-tetraquark


Lattice Field Theory
❖ Put QCD on a lattice, in imaginary time, in a finite volume 

❖ Periodic boundary conditions discretized momenta 

❖ “Measure” correlations functions

⟹
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Extracting Physical Amplitudes
❖ Scattering amplitudes are related to spectrum 

through Lüscher’ quantization condition 

❖ Requires prohibitively large volumes, 
analytic continuation, continuum limit, 
physical quark mass…
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Real Time Estimators for Scattering Observables (RESOs)

❖ What if we just compute real-time lattice correlators in small 
volumes? 

❖  interpolates our particles  apply LSZ to extract finite 
volume “amplitude”
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Real Time Estimators for Scattering Observables
❖  is in real time, what about the volume? 

❖ Infinite volume energy  maps to multiple finite volume total 
momenta  

➡Average over them 

➡This approximates the infinite volume amplitude with exponentially 
small errors
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Nucleons and Ultracold Atoms
❖ Simplest thing to test these ideas: nucleons and ultracold atoms  

❖ Universality—wildly different systems described by same Hamiltonian 

❖ Increasing system size  long-distance correlations?⟹
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All-Orders Solution: Infinite Volume
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All-Orders Solution: Finite Volume
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Boost Averaging: Volume Dependence
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Tensor Networks

❖ Play the same game with composite operators

13
I. Burbano
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Quantum hardware results

14 A. Ciavarella



Entanglement Power
❖ Can compute EP of  (see Ian Low’s talk) 

❖ We already knew the continuum limit is 

U(t) = e−iHt
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Summary
❖ We have a universal prescription to access any amplitude on quantum hardware (RESOs) 

1. Single-particle matrix elements of correlators 

2. Finite  prescription 

3. Average over similar kinematics (boost average) 

❖ We have not discussed continuum limit—sensitive to entanglement resources in general 

❖ How can we leverage QIS tools more in nonperturbative field theory 

❖ Phase diagram? 

❖ Quantum complexity

ϵ
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Boost Averaging: Volume Dependence
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