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Machine Learning: A new paradigm for science

e Data correlations vs. Physics equations

e Huge data, high-dimensional, imperfect, noisy, heterogenous data, sparse but rare data

e Inference of information and new physics from data
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Infer from imperfect nuclear data

e Fission yields are key nuclear data for applications
e Measured fission yields are usually noisy, discrepant, incomplete
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Major evaluated nuclear data libs (ENDF, JENDL, JEFF, CENDL), only 3 energy points:
thermal, 0.5 MeV and 14 MeV

Key issues: energy dependence; uncertainty propagation




Bayesian Evaluation of fission yields

e Incomplete fission yields e M ey ]
Z.A. Wang, J.C. Pej, Y. Liu, Y. Qiang S 0}
PRL 123, 122501 (2019) gm
. . U-O.OZ - -
e Discrepant charge yields led Aed N\ R
C.Y. Qiao, J.C.Pei, et al., PRC 103, e e e
034621 (2021)
30r T T T T T T T T
020 g o Expt. Discrepancy | = i
T 016 T L - — morslvl
'T:g 012 £ 10f / '
g 0.08 i 5:' 4
Rt 27 | | EN HJEFF3.I.11‘e(|p(.
000 % i; e e
0.20 %‘ ]S
5 o016 = 2
§0.12 l_".I.‘..I.‘..I‘...I.‘..I‘...I"..I‘...I‘...
'g %5 30 35 40 45 50 55 60 65 70
2 o008 Charge (Z)
- J. N. Wilson et al., Phys. Rev. Lett. 118, 222501(2017)
D. Ramos et al., Phys. Rev. Lett. 123, 092503(2019)

20 25 30 35 40 45 50 55 60 65 70 75
Atomic Number



Bayesian Data Fusion

e Data fusion can obtain more comprehensive, useful and reliable information than separated data

Data Fusion of different experiments, evaluate yield-energy relations
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Bayesian Data Fusion

e Energy dependence of all fission fragments, for practical applications
e Cumulative yields have more data, independent yields have very few data

heterogeneous data

Cum. yields Ind. vields  fusion: Cum. + Ind.
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*Heterogeneous data fusion (HDF): when one kind data is sparse at some energies, it can
benefit from energy dependence of other data via HDF



Quantum computing in nuclear physics

e Current status of quantum computing in nuclear physics
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Quantum Computing for many-body systems

e Quantum many-body problem: exponential speedup (without noise)
e quantum fast Fourier transform to find eigenvalues and eigenvectors: Quantum Phase Estimate,
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Quantum computing in real devices
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Variational Quantum Eigensolver (VQE)
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Low-Noise Variational circuit

e The pairing Hamiltonian: direct seniority model mapping
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Chongji Jiang and Junchen Pei, Phys. Rev. C 107, 044308 (2023)

For Q=4, the circuit is much more complex, has serious noise problems
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Efficient computation for excited states

e VQD: variational quantum deflation

e Solve an effective Hamiltonian O. Higgott, D. Wang, S. Brierley, Quantum 3, 156 (2019).
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* VQD works for general Hamiltonian problems and requires least resources to compute excited
states compared to other methods
* Can obtain degenerate states, first application in nuclear physics
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Error mitigation

» readout error P(0[1), P(1|0) — inverse matrix
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Pairing at finite temperature

e We expect a smooth transition of superfliudity in finite systems
e Finite-temperature BCS theory break down, strong many-body correlations are important
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Error mitigated results are close to exact results, in particular at high temperatures
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Towards Ab initio calculations Chongji Jiang, J.Pei, in preparation

e Quantum computing of 3H, 3He
e With chiral nuclear force, 16 qubits, sp-shell, m-scheme,~3000 gates
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Summary & Outlook

e Bayesian machine learning has advantageous in evaluating imperfect data, which is a salient

feature for nuclear physics
e Data fusion and physics informed machine learning will be useful for nuclear physics
e Noisy Quantum computing is a new challenging and new algorithms are needed

e We implement low-noisy circuit, error mitigation, efficient method for excited states, for a

finite-temperature pairing Hamiltonian

e Ab initio calculations of light nuclei with simultaneous measurements and different mapping

Thank you for your attention!



