
Quantum Computing 
Fragmentation Functions 

Juan José Gálvez Viruet*
arxiv: 2510.18869

Universidad Complutense de Madrid & IPARCOS

*juagalve@ucm.es

https://arxiv.org/abs/2510.18869


???      
 PDF

???       PDF

???        FF

??
?  

    
  F

F

pQCD

QCD is confined: Perturbative interactions between 
partons need to be reconstructed from their fragmentation 
into final state hadrons



???      
 PDF

???       PDF

???        FF

??
?  

    
  F

F

pQCD

QCD is confined: Perturbative interactions between 
partons need to be reconstructed from their fragmentation 
into final state hadrons

Experimental fits

https://doi.org/10.1103/t5ds-vvc4

https://doi.org/10.1103/t5ds-vvc4


???      
 PDF

???       PDF

???        FF

??
?  

    
  F

F

pQCD

QCD is confined: Perturbative interactions between 
partons need to be reconstructed from their fragmentation 
into final state hadrons

Experimental fits

On the Lattice?
https://doi.org/10.1103/t5ds-vvc4

https://doi.org/10.1103/t5ds-vvc4


???      
 PDF

???       PDF

???        FF

??
?  

    
  F

F

pQCD

QCD is confined: Perturbative interactions between 
partons need to be reconstructed from their fragmentation 
into final state hadrons

Experimental fits

On the Lattice?

- Exp. value of initial parton j traced over color
- Light-Cone time evolution not possible on Lattice
- “Number of hadrons” operator

https://doi.org/10.1103/t5ds-vvc4

doi:10.1103/PhysRevD.109.016006

https://doi.org/10.1103/t5ds-vvc4
https://link.aps.org/doi/10.1103/PhysRevD.109.016006


???      
 PDF

???       PDF

???        FF

??
?  

    
  F

F

pQCD

QCD is confined: Perturbative interactions between 
partons need to be reconstructed from their fragmentation 
into final state hadrons

Experimental fits

On the Lattice?

- Exp. value of initial parton j traced over color
- Light-Cone time evolution not possible on Lattice
- “Number of hadrons” operator

https://doi.org/10.1103/t5ds-vvc4

doi:10.1103/PhysRevD.109.016006

On a Quantum Computer ????

https://doi.org/10.1103/t5ds-vvc4
https://link.aps.org/doi/10.1103/PhysRevD.109.016006


Algorithms for quantum simulations of 
fragmentation:

- (2011) Real-time scattering of scalar QFT 
efficient by the JLP algorithm 

https://arxiv.org/pdf/1111.3633

https://arxiv.org/pdf/1111.3633


Algorithms for quantum simulations of 
fragmentation:

- (2011) Real-time scattering of scalar QFT 
efficient by the JLP algorithm 

- (2024) Fragmentation has been studied with 
1+1D NJL model

https://arxiv.org/pdf/1111.3633

https://arxiv.org/abs/2406.05683

- Also jet quenching and evolution on a media
doi:10.1103/PhysRevC.111.015202doi:10.1103/PhysRevD.106.074013arXiv:2502.17558

https://arxiv.org/pdf/1111.3633
https://arxiv.org/abs/2406.05683
https://link.aps.org/doi/10.1103/PhysRevC.111.015202
https://link.aps.org/doi/10.1103/PhysRevD.106.074013
https://arxiv.org/abs/2502.17558


Algorithms for quantum simulations of 
fragmentation:

- (2011) Real-time scattering of scalar QFT 
efficient by the JLP algorithm 

- (2024) Fragmentation has been studied with 
1+1D NJL model

https://arxiv.org/pdf/1111.3633

https://arxiv.org/abs/2406.05683

- Also jet quenching and evolution on a media
doi:10.1103/PhysRevC.111.015202doi:10.1103/PhysRevD.106.074013arXiv:2502.17558

- See    for (our) reviewhttps://arxiv.org/abs/2510.26293

https://arxiv.org/pdf/1111.3633
https://arxiv.org/abs/2406.05683
https://link.aps.org/doi/10.1103/PhysRevC.111.015202
https://link.aps.org/doi/10.1103/PhysRevD.106.074013
https://arxiv.org/abs/2502.17558
https://arxiv.org/abs/2510.26293


Algorithms for quantum simulations of 
fragmentation:

- (2011) Real-time scattering of scalar QFT 
efficient by the JLP algorithm 

- (2024) Fragmentation has been studied with 
1+1D NJL model

https://arxiv.org/pdf/1111.3633

https://arxiv.org/abs/2406.05683

- Also jet quenching and evolution on a media
doi:10.1103/PhysRevC.111.015202doi:10.1103/PhysRevD.106.074013arXiv:2502.17558

- See    for (our) reviewhttps://arxiv.org/abs/2510.26293

Our approach: ab initio QCD on the 
Light-Cone gauge

Coordinates 
Instant Form

(usual quantisation) Light Cone

Gauges:

Energies:

https://arxiv.org/pdf/1111.3633
https://arxiv.org/abs/2406.05683
https://link.aps.org/doi/10.1103/PhysRevC.111.015202
https://link.aps.org/doi/10.1103/PhysRevD.106.074013
https://arxiv.org/abs/2502.17558
https://arxiv.org/abs/2510.26293


Algorithms for quantum simulations of 
fragmentation:

- (2011) Real-time scattering of scalar QFT 
efficient by the JLP algorithm 

- (2024) Fragmentation has been studied with 
1+1D NJL model

https://arxiv.org/pdf/1111.3633

https://arxiv.org/abs/2406.05683

- Also jet quenching and evolution on a media
doi:10.1103/PhysRevC.111.015202doi:10.1103/PhysRevD.106.074013arXiv:2502.17558

- See    for (our) reviewhttps://arxiv.org/abs/2510.26293

Our approach: ab initio QCD on the 
Light-Cone gauge

Coordinates 
Instant Form

(usual quantisation) Light Cone

Gauges:

Energies:

From

define LF Hamiltonian by

https://arxiv.org/pdf/1111.3633
https://arxiv.org/abs/2406.05683
https://link.aps.org/doi/10.1103/PhysRevC.111.015202
https://link.aps.org/doi/10.1103/PhysRevD.106.074013
https://arxiv.org/abs/2502.17558
https://arxiv.org/abs/2510.26293


Vertices Seagulls Forks

Simple interactions, pair 
creation and gluon 

scattering

Free evolution, just 
add kinetic energy

Kinetic

quark
antiquark

gluon

Instantaneous interactions of 
2 particles

Instantaneous 
emission/absorption of 3 

particles

Hamiltonian as a dictionary of interactions among on shell partons:

doi.org/10.1016/S0370-1573(97)00089-6

https://www.sciencedirect.com/science/article/pii/S0370157397000896?via%3Dihub
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From steps 1, 2 and 3

Fulfil commutation relations up to boundary term

…

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.116018
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Light-Front time evolution
Fragmentation functions: 

1. Start with quark with max momenta

2. Apply codification to exponentiate 

Hamiltonian terms

3. Measure “meson” wavefunction

doi.org/10.1140/epjc/s10052-022-10988-5

https://doi.org/10.1140/epjc/s10052-022-10988-5
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Results & conclusions

NRQCD

● End to end simulation of fragmentation in 1+1 LF QCD with 2 quarks, 1 antiquark, and 1 gluon. 

● 29 qubits          17 GB of wavefunction

● Total number of gates              far from today              gates, but improving fast!



Halting protocol



More about scaling


