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PROfit: A PROfessional, PROficient Framework for
Robust Neutrino Parameter Estimation and Optimization

Brandon Weiss; Lee Hagaman; Mark Ross-Lonergan
Columbia UniverSity https://github.com/markrosslonergan/Elephant_Vanishes
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What is PROfit? Example Capabilities (representative fake data & toy model)

PROfit is a modern framework built with c++ for rapid, * Post-fit shows good agreement between

robust data fitting, parameter optimization and statistical 2 detectors > N ear Dete Clor Far DeteCtOr Monte Carlo and data.

analysis.
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* Use gold standard Feldman-Cousins!!
P, to draw Brazil band sensitivity and FC

Allows for easy run-time configuration of detectors,

Finding best

channels, physics models, and systematic uncertainties. ft over all o1 R e R B BT TP T ST A exclusion regions!
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How to Minimize PROfit Enabling Physics

. . - . . . - . . Prediction - - - -
Goal Is to find the minimum 2, but physics parameters may be highly degenerate and nuisance For n bins and m nuisance parameters, generating a . First physics result using PROfit was 1
. . . . . . . Q .
parameters form an extremely high dimensional space (~100’s of nuisance parameters). prediction scales as O(nm) and calculating the y? and 5 102 for ICARUS v, disappearance.
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1. Latin Hypercube sampling to get 2. Particle Swarm Optimization 3. Gradient based L-BFGS-B 21 1 £ * BSM template fits
uniform distribution across all physics  seeded by best Latin hypercube points.  Minimization using LBFGS++ " 2 o0 * 2D Fits (e.g. energy and angle) to take
and nuisance parameters. Goal is to roughly find all local minima.  packagel? to find precise global "0 250 500 750 1000 1250 1500 1750 2000 0 50 100 150 200 250 10° Numggfof . 10° advantage of SBND/DUNE PRISM effects
. . Number of bins umber of nuisance parameters
minima, seeded by particle swarm. umber e nuisance porame:
4. Harmonic Seeding: Degenerate Am2 harmonics are pre-identified and kept as seeds, so the fit d Feldman-Cousins: Phys. Rev. D 57, 3873 (1998)
tracks the true global minimum even when a systematic shift swaps which harmonic is deepest.

LBFGS++: https://github.com/yixuan/LBFGSpp/
ICARUS: arXiv:2603.22557 [hep-exX] . N EVI S LAB O RATO RI E S
NuFast: arXiv:2511.04735, arXiv:2405.02400 [hep-ph] - ” C OLU MB I A U N IVE RS ITY

SBNFit: arXiv:2002.07858 [physics.comp-ph]
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