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Old story
• In QM, the dynamical 

evolution satisfies the 
Schrödinger equation 




•  is usually the standard 
time variable (  in 
Minkowski space-time)


• but other foliations can be 
realized! 
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Hadronic eigenvalue problem
• finding bound states of 


•  (operator) has only positive (eigen)values


• basis  contains 
quantum numbers for each hadron h


• Fock state basis: 


• For practical computations, only a fixed set of Fock 
states are considered.
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S. Brodsky, H-C Pauli, S. Pinsky Phys.Rept.301:299-486,1998

The operators ,  and  create bare leptons 
(electrons or quarks), bare anti-leptons (positrons or 
antiquarks) and bare vector bosons (photons or gluons). 
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Time-dependent problems

• powerful method to deal 
with time-dependent 
background fields


• lot of use in strong laser 
fields - can also probe 
beyond SM physics!

Xingbo Zhao, Anton Ilderton, Pieter Maris, James P. Vary Phys. Rev. D 88 (2013) 065014



Applications in nuclear physics

• typically interested in scattering processes


• deep-inelastic scattering  
(scattering off cold nuclear matter)


• propagation of jets in medium


• the background in QGP

e + A → e′￼+ A′￼

Gerald A. Miller Prog.Part.Nucl.Phys.45:83-155,2000

More details in: 
https://arxiv.org/pdf/2212.05100.pdf 

https://arxiv.org/abs/hep-ph/9612244 

Hydrogen Atom in Relativistic Motion https://arxiv.org/abs/hep-ph/0411208 
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