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		Operator Learning Renormalization Group
	

	Xiu-Zhe Luo, Di Luo and Roger G. Melko
March 5, 2024, arXiv:2403.03199 
	Abstract: (click to show)
	In this paper, we present a general framework for quantum many-body simulations called the operator learning renormalization group (OLRG). Inspired by machine learning perspectives, OLRG is a generalization of Wilson's numerical renormalization group and White's density matrix renormalization group, which recursively builds a simulatable system to approximate a target system of the same number of sites via operator maps. OLRG uses a loss function to minimize the error of a target property directly by learning the operator map in lieu of a state ansatz. This loss function is designed by a scaling consistency condition that also provides a provable bound for real-time evolution. We implement two versions of the operator maps for classical and quantum simulations. The former, which we call the Operator Matrix Map, can be implemented via neural networks on classical computers. The latter, which we call the Hamiltonian Expression Map, generates device pulse sequences to leverage the capabilities of quantum computing hardware. We illustrate the performance of both maps for calculating time-dependent quantities in the quantum Ising model Hamiltonian.

	


	
		Relational bulk reconstruction from modular flow
	

	Onkar Parrikar, Harshit Rajgadia, Vivek Singh and Jonathan Sorce
March 4, 2024, arXiv:2403.02377 
	Abstract: (click to show)
	The entanglement wedge reconstruction paradigm in AdS/CFT states that for a bulk qudit within the entanglement wedge of a boundary subregion \(\bar{A}\), operators acting on the bulk qudit can be reconstructed as CFT operators on \(\bar{A}\). This naturally fits within the framework of quantum error correction, with the CFT states containing the bulk qudit forming a code protected against the erasure of the boundary subregion \(A\). In this paper, we set up and study a framework for relational bulk reconstruction in holography: given two code subspaces both protected against erasure of the boundary region \(A\), the goal is to relate the operator reconstructions between the two spaces. To accomplish this, we assume that the two code subspaces are smoothly connected by a one-parameter family of codes all protected against the erasure of \(A\), and that the maximally-entangled states on these codes are all full-rank. We argue that such code subspaces can naturally be constructed in holography in a "measurement-based" setting. In this setting, we derive a flow equation for the operator reconstruction of a fixed code subspace operator using modular theory which can, in principle, be integrated to relate the reconstructed operators all along the flow. We observe a striking resemblance between our formulas for relational bulk reconstruction and the infinite-time limit of Connes cocycle flow, and take some steps towards making this connection more rigorous. We also provide alternative derivations of our reconstruction formulas in terms of a canonical reconstruction map we call the modular reflection operator.

	


	
		Multi-particle interpolating operators in quantum field theories with cubic symmetry
	

	William Detmold, William I. Jay, Gurtej Kanwar, Phiala E. Shanahan and Michael L. Wagman
March 1, 2024, arXiv:2403.00672 
	Abstract: (click to show)
	Numerical studies of lattice quantum field theories are conducted in finite spatial volumes, typically with cubic symmetry in the spatial coordinates. Motivated by these studies, this work presents a general algorithm to construct multi-particle interpolating operators for quantum field theories with cubic symmetry. The algorithm automates the block diagonalization required to combine multiple operators of definite linear momentum into irreducible representations of the appropriate little group. Examples are given for distinguishable and indistinguishable particles including cases with both zero and non-zero spin. An implementation of the algorithm is publicly available at https://github.com/latticeqcdtools/mhi.

	


	
		Seeing Double: Calibrating Two Jets at Once
	

	Rikab Gambhir and Benjamin Nachman
February 21, 2024, arXiv:2402.14067 
	Abstract: (click to show)
	Jet energy calibration is an important aspect of many measurements and searches at the LHC. Currently, these calibrations are performed on a per-jet basis, i.e. agnostic to the properties of other jets in the same event. In this work, we propose taking advantage of the correlations induced by momentum conservation between jets in order to improve their jet energy calibration. By fitting the \(p_T\) asymmetry of dijet events in simulation, while remaining agnostic to the \(p_T\) spectra themselves, we are able to obtain correlation-improved maximum likelihood estimates. This approach is demonstrated with simulated jets from the CMS Detector, yielding a \(3\)-\(5\%\) relative improvement in the jet energy resolution, corresponding to a quadrature improvement of approximately 35%.
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