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Research motivation

Want to see how Tom Holvey’s weights act on the histograms of 
four-momentum transfer

Tom Holvey’s weights were designed and tested on QE but I am testing 
their effect on Delta and Higher Resonances 

Want to see if the weights appear to behave properly (they don’t)
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Weights Change Nucleon Initial State, Emiss not Pmiss

Changes will be made by reweighting using Nusystematics. 

Each reweight was made by iterating over the indices of Tom Holvey’s weights.
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Configurations

GENIE Version 3.4.2 Argon

AR23_20i_00_000

Neutrino Energies Generated Using  the DUNE Flux

Nusystematic + GENIE only (Not NUISANCE, not Mach3, not LArsoft)

10 Seeds of 4 million events to generate a total of 40 million events. 

About half a year of events NDLAr on axis
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Plot Overview - Q2 vs W

Each plot in the first section will 
taking a horizontal slice out of the 
2D Q2 - W histogram. The 
vertical slice will be shown as a 
1D histogram of the 
four-momentum transfer (Q2). 
Then this histogram is compared 
to the nominal case 

QE region
Delta 

Region

Higher 
Resonances
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Legend 
(weighted/unweighted)
Total - Black/Grey

Delta - Magenta/Purple

Higher Resonance - Red/Maroon

Quasi-Elastic - Green

DIS - Blue

2p2h - Cyan

Coh - Violet

Peak Shift; 1.1 < W < 1.4 GeV
Tom Holvey’s weights will only cause changes in 
Delta and Higher Resonances
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Peak shift
1.1 < W < 1.4 [GeV]

Index: 1 Index: 2 Index: 3 Index: 4

Index 1 has the smallest change in the events rate. The changes seen in 
Delta and Resonances increase as we go through the indexes. Delta 
dominates the total change in this region of Q2

Total - Black Delta - Magenta Higher Resonance - Red

Quasi-Elastic - Green DIS - Blue 2p2h - Cyan Coh - Violet
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Peak shift
1.4 < W < 1.7 [GeV]

Index: 1 Index: 2 Index: 3 Index: 4

Total - Black Delta - Magenta Higher Resonance - Red

Quasi-Elastic - Green DIS - Blue 2p2h - Cyan Coh - Violet
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Peak shift
1.7 < W < 2 [GeV]

Index: 1 Index: 2 Index: 3 Index: 4

Again index 1 has the smallest change in the events rate. Resonance 
dominates the total change in this region of Q2.

Total - Black Delta - Magenta Higher Resonance - Red

Quasi-Elastic - Green DIS - Blue 2p2h - Cyan Coh - Violet

9



Tom Holvey’s Linear/Gradient Weight

● Affects strictly the amplitude of the peak 
and the tails

● Normal is indexed 2
● Index < 2 will see a taller peak and LHS 

tail with a smaller RHS tail
● Index > 2 will see a smaller peak and 

LHS tail with a taller RHS tail
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Gradient/Linear 
1.1 < W < 1.4 [GeV]

Index: 0 Index: 1 Index: 3 Index: 4

Total - Black Delta - Magenta Higher Resonance - Red

Quasi-Elastic - Green DIS - Blue 2p2h - Cyan Coh - Violet
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Diagnosing the Event Inflation

Want to make a direct comparison 
to Tom Holvey’s missing Energy 
Graph.

Calculated missing energy using 
Delta++ events.
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Peak Shift on Missing Energy for Delta++ only

Index: 0 (nominal)

Index: 2 Index: 3 Index: 4

Index: 1

Integral = 3608161.0 Integral = 3608790.4
0.02%

Integral = 3693598.2
2.4%

Integral = 4037428.4
11.9%

Integral = 4428976.2
22.7%
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Conclusion

Tom Holvey’s weights appear to be lacking a normalization step necessary to 
conserve total event count. 

We are unsure if this is a simple error with Tom Holvey’s translation of these 
weights into Nusystematics or something more fundamental.

Wanted to study deviations from flat ratios in Q^2 and in W (Frank Brand’s work) 
and also pT and Eavail. Can go back to this after fixing the normalization issues 
with Tom Holvey’s weights
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