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Developing a Foundation
 for the Implementation of  the Relativistic QFT in Quantum 

Computing. 



Out Line

▪ Motivation

▪ Instant Form Dynamics and  Light Front Dynamics

▪ Continuum field theory calculations

▪ Lattice field theory calculations

▪ Rescaling the lattice calculations  

▪ Quantum circuit 



❑ Main goal: The implementation of  the relativistic QFT on a quantum computer.

P. A. M. Dirac, Rev. Mod. Phys. 21, 392 (1949)The Instant form The light-front  form

❑ Light Front Dynamics

• Innovative approach for relativistic dynamics
• Strictly in Minkowski space
• Application in -PDFs, DIS, GPDs … 

❑ Instant Form Dynamics

• Traditional approach evolve with relativistic 
dynamics

• Closely related to the Euclidian space
• Application in - LQCD, T-dept QFT, IMF ..
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❑ Energy-momentum dispersion relations

• Instant-form dynamics
• Light-front form dynamics

+|𝑃𝑧|

−|𝑃𝑧|

❑ Time-ordered diagrams : Vacuum fluctuation
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Rational relationship 

(LF zero-modes)
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Irrational relationship 
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IFD

• Rotation (𝐽1, 𝐽2, 𝐽3 ) – Kinematic operators
• Boost (𝐾1, 𝐾2, 𝐾3 ) – Dynamic operators

• Transverse Rotation (𝐹1, 𝐹2) – Dynamic operators
• Longitudinal Rotation (𝐽3 ) - Kinematic operator
• Boost (𝐸1, 𝐸2, 𝐾3 ) – Kinematic operators

LFD

• Instant-form dynamics • Light-front form dynamics

Poincare matrix



Kirby, W. M., Hadi, S., Kreshchuk, M., & Love, P. J. Quantum simulation of second-quantized Hamiltonians 
in compact encoding. Physical Review A, 104(4), 042607 (2021). .

Kreshchuk, M., Jia, S., Kirby, W. M., Goldstein, G., Vary, J. P., & Love, P. J. Simulating hadronic physics on 
noisy intermediate-scale quantum devices using basis light-front quantization. Physical Review A, 103(6), 
062601 (2021). 

 M. Kreshchuk, W. M. Kirby, G. Goldstein, H. Beau-chemin, and P. J. Love, Quantum simulation of quantum 
field theory in the light-front formulation, Phys. Rev. A105, 032418 (2022).

 W. Qian, R. Basili, S. Pal, G. Luecke, and J. P. Vary, Solving hadron structures using the basis light-front 
quantization approach on quantum computers, Phys.Rev. Res. 4, 043193 (2022).

LF QFT is highly appealing as the starting point for quantum simulation, 
•  LF facilitate lower qubit counts 
• Readily available good initial states
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𝑐𝑜𝑠(𝛿) 0 0 sin(𝛿)
0 1 0 0
0 0 1 0

sin(𝛿) 0 0 −𝑐𝑜𝑠(𝛿)

𝑥0

𝑥1

𝑥2

𝑥3
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c 0 0 s
0 −1 0 0
0 0 −1 0
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Interpolation space time matrix

s = 𝑆𝑖𝑛 2𝛿
 c = 𝐶𝑜𝑠(2𝛿)
 

C.-R. Ji, Z. Li, and B. Ma Phys. Rev. D 98, 036017 (2018)- QED

B. Ma, C.-R. Ji Phys. Rev. D 104, 036004 (2021)-QCD1+1

• Relate IFD and LFD and show the whole landscape in 
between.

• Clarify any conceivable confusion between the Infinite 
momentum frame  (IMF) and LFD

• Magnify the vicinity of zero-mode .

C.-R. Ji, Z. Li, and A. T. Suzuki, Phys. Rev. D 91, 065020 (2015)-EM Gauges

IFD (𝛿 = 0)

LFD (𝛿 = 𝜋
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K. Hornbostel Phys. Rev. D 45, 3781 (1992)-RQFT

C.-R. Ji, and S. Rey, Phys. Rev. D 53, 5815 (1996)-Chiral Anomaly

C.-R. Ji, and A. Suzuki , Phys. Rev. D 87, 065015 (2013)- Scattering Amps

Interpolating between Instant form dynamic (IFD) and light-front 
dynamic (LFD)



Scalar particle decays into a fermion and an anti-fermion



Scalar Field



Commutation relations

Hamiltonian for scalar field 



Fermion Field





Hamiltonian for fermion field 

Interaction field 



Interaction Hamiltonian 



“qumodes” (short for quantum modes) are the basic units of information in continuous-variable (CV) 
quantum computing, analogous to qubits in standard (discrete-variable) quantum computing.



Lattice formulation makes QFT finite and discrete

▪ Continuum field theories have infinitely many degrees of freedom.
▪ The lattice discretization replaces space(-time) by a finite grid, turning the field into 

a finite set of variables (one per site).

This makes it possible to:

▪ Store the field values in a finite number of qubits 
▪ Represent the Hamiltonian as a finite matrix acting on this quantum register.

The lattice version of QFT is the bridge between continuum field theory and a quantum circuit 
implementable on hardware.















Hamiltonian of the lattice Dirac field. 































Lattice rescaled longitudinal momentum





Quantum circuit in progress 

Efekan Kökcü



Quantum circuit 



Conclusion 

▪ LF QFT is highly appealing as the starting point for quantum simulation

▪ The lattice version of QFT is the bridge between continuum field theory and a quantum circuit 
implementable on hardware.

Future : 

❑ Implementing interpolation quantum field theory between  instant form dynamics 
and  light front dynamics in the quantum computing. 
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