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L epton-nucleus scattering

Theoretical understanding of nuclear effects is extremely important for electron and

neutrino experimental programs: oscillation experiments require accurate calculations of
Cross sections
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Electron scattering can be used to test our nuclear model:

« same nuclear effects
e no heed to reconstruct energies
« abundant experimental data
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Lepton-Nucleus scattering:
Inclusive Processes

Electromagnetic Nuclear Response Functions
2
Ro(g,w) = Y _ 8(w+ Eo — Ey)|(£10a(q)|0)
]L'

Longitudinal response induced by O; = p

Transverse response induced by Oy = j
d’o
dwd()

One can exploit integral properties of the response functions to avoid explicit calculation of
the final states: GFMC Euclidean response, CC LIT

= opm v Rr(q,w) + vrRr(q, w)]

3

Lorenzo Andreoli



Short-time approximation

S. Pastore, J. Carlson, S. Gandolfi, R. Schiavilla, and R. B. Wiringa PRC101(2020)044612

Factorization scheme:

. describe electroweak scattering from A > 12 without losing two-body physics
« account for exclusive processes

e incorporate relativistic effects
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Short-time approximation: 2c e

QMC Calculations of nuclear response densities,

response functions and cross sections within the %
STA (quasielastic regime) = 4,000
| £ 2,000
Correctly reproduces experimental data for electron v
energies from ~300 to 1600 MeV < 0 |
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Many-body nuclear problem

Many-body Nuclear Hamiltonian in coordinate space:

H = ZT +sz]+ Z Vijk

1<J 1<g<k

’Qb(l‘l,l'g,.. 3T A, 81,82,..-,84,11,12,. '°7tA)

Al
¢ are complex spin-isospin vectors in 3A dimensions with components 24 X
Z\(A—-27)!
‘He: 96
Li: 1280
SLi: 14336

1203, 540572 °
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Many-body nuclear problem

few node hours — < 4He: 96
T.i: 1280
Li: 14336 o
1200, 540572 =  ~100k node hrs

Beyond *C:

e Getting ready for Aurora: refactoring of QMC
codes, porting to GPU (see A. Flores' talk)
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http://exascaleage.org/np/ e STA with AFDMC (S Gandolfl)
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Refactoring of QMC codes & GPU

Single kernel Total calculation time

2023:

« ALCF INCITE Hackathon, discrete success in porting =
to GPU calculation of wave function (tested on 12C)

« We realized that a major refactoring of the code was
necessary

2024.
« Refactoring of VMC code in final stages (A. Flores, P.Fasano)

e The refactoring effort and porting to GPU will allow us to fully exploit next-generation
HPC architectures

« STA can be easily adapted to the new code

o Codes have been moved to Permutter, thanks to the NTNP allocation at NERSC 3
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Thank youl!

WashU Quantum Monte Carlo group: J. Bub, G. Chambers-Wall, G. King, A. Flores,
S. Novario, S. Pastore and M. Piarulli

LANL: R. Weiss, S. Gandolfi, J. Carlson
ANL: P.Fasano, A. Mccoy, A. Lovato, R. B. Wiringa
ODU: A. Gnech

EEEEEEEEEEEEEEEEEEEEEEEE

LEADERSHIP COMPUTING

NERSC



