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What is MARLEY?

MARLEY (Model of Argon Reaction Low-Energy Yields) is a Monte Carlo event generator for low-energy (s 100 MeV) neutrino scattering, especially neutrino-argon interactions. Version 1 of
the code has become widely used in the community, including for analyses by DUNE, COHERENT, and DEAP-3600. The version 2 release series (v2.0.0 is expected in July 2026) will bring

many technical and physics enhancements. This poster provides a preview of the latter. 0 -
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Notably, the important Fermi transition from the “°Ar ground state to its isobaric argon, enabling powerful model constraints. A future MARLEY v2 release iInfrastructure has been added to the code to support this goal. An initial set of
analog state (IAS) in “°K* (Ex = 4.384 MeV) has several y-ray lines with an will be the first simulation with a consistent model of both processes. uncertainties is provided for the 46-parameter Koning-Delaroche optica
appreciable time delay. Validation of MARLEY v2 timing distributions for MARLEY and Geant4 predictions compared to potential used in the nuclear de-excitation model. Y
40K important transitions in the y-ray cascade from the IAS. measured isotopic yields for p capture on Ar. Data Uncertainties from nucleon scattering data (below) < MARLEY v2
4.384 MeV 0* IAS (prompt) i from Bull. Russ. Acad. Sci.: Phys. 72, 735 (2008). can be directly propagated into predictions of —~ 12} ""4400:r(('/e’ ° "));9; :
10—2F 50 2 - o . - L] . s O Ar (v, €7 p r
e 11 c 5 ; m MARLEY v2 exclusive neutrino-nucleus cross sections (right). < e AL, e a)C)
not to scale = -
+ _ [ Geant4 11.3.2 8000 S
1.644 MeV 0 Esor:e%]s ns g 10 3 g 40 L 116k 3 Data _ ,,.L-x{\; | _-_ EB Corpus ;
1614 keV (80.4%) 844 keV (19.6%) E g4l c ,1' \  KDUG. 8% CI s
T, =603 ns T, = 2471 ns L?;) N MARLEY v2 X é 6000 208;::‘ P KDUQ, 95% CI %
0.800 MeV 2- 8_ 10-5 _ Ey (keV) Lifetime (ns) 8 30 11.2F a 1\\ \"w” \\\ 8
' 2 : — 298 6.13|603 | 2471 o £ Bl SN "UTSn @S 7 5
6L B B B - -_——a . 90 .
10 — 1614 603 g{ 20 0.8 B \\:'\~ N\““*g.‘mc&z "\m _%
- _ - \ (L S~
0.030 MeV 3 T=6.13 ns 10_170_2 o ,,1,0._1 L ,,1,00 L .1.01 % 2000 + '\'h-’ntu o s atatas® L%
29.8 keV L < 10} 404F 27
T, = 6.13 ns y-ray emission time () g Phys. Rev. C 107, 014602 (2029
) The distribution for the 29.8 MeV y-ray has three components based on how R ' Y
0.000 MeV 4 the 0.030 MeV excited state is accessed. X . N N 10 10
400 390 380 Energy [MeV]

S.G. received support under award number DE-SCL0000022 from the Early Career Research Program, U.S. Department of Energy, Office of Science, Office of High Energy Physics. This poster has been authored by Fermi Forward Discovery Group, LLC under Contract No. 89243024CSC000002 with the U.S. Department of Energy, Office of Science, Office of High Energy Physics.

U.S. DEPARTMENT

I Fermi National Accelerator Laboratory of ENERGY




