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Tensor Network Calculations
Two-flavor NJL model with Tensor Networks

Qualitatively different to widely-studied one-flavor 
theory - now asymptotically free. 

 Continuum limit/scale dependence 
 Express as dimensionless mass ratios 

→
→

Universal curve

– TN calculations using Density-Matrix Renormalization 
Group (DMRG) are “exact” - but need to investigate bond 
dimensions, but need sufficiently tight SVD. 

– TN calculations of PDF are computationally and memory 
demanding 

– Awarded Class-B Allocation on USQCD Cluster 
– Tuning of bond dimensions, and of singular values 

– OpenAI Codex on JLab farm

Challenges and solutions

PDF is dimensionless - so would expect universal curve if 
in the asymptotic regime.

“Scale setting using zero-quark-
mass mass gap”

– Coordinate space to x space presents inverse problem 
– Exploring novel methods developed for LQCD (GP) 

– Exhibit scaling for PDF analogous to energies

Consistency in spatial matrix elements with bond 
dimension and flavor interchange.

35 sites

For paper



Quantum Calculations
Calculations within PennyLane and on 
IBM Quantum 1-flavor on 6 qubits

Circuits for PDF and FF developed

Circuit for PDF

– J-Y Zhang, M. Zaccheddu and DGR have accounts on  
IBM Quantum 

– Need to update code to be compatible with supported 
version of PennyLane.  0.38  0.44 

– Have not yet implemented Hadamard test needed for full 
implementation.

⟶
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Changes to Labour 

– Marco Zaccheddu moving to 25% (AmSC) 
– Jia-Yue Zhang now 75%

Jia-Yue

Collaboration meeting at JLab in Spring


