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MINERvA‘s  Helium Target 

Signal Definition

𝝂𝝁 + 𝟒𝑯𝒆 → 𝝁− + 𝑵𝒑 + 𝑴𝝅

• 𝑴 + 𝑵 > 𝟏 
• 𝟐 𝑮𝒆𝑽 < 𝑬𝝁 < 𝟓𝟎 𝑮𝒆𝑽

• 𝜽𝝁 < 𝟏𝟐 𝑫𝒆𝒈 
• 𝜽𝑵𝒑+𝑴𝝅 < 𝟓𝟓 𝑫𝒆𝒈

• 𝑬𝒑 > 𝟏𝟎𝟓 𝑴𝒆𝑽

• 𝑬𝝅 > 𝟓𝟓 𝑴𝒆𝑽

Background Constrain
Data-Driven Background Constraint

• Subtracted Empty target data from 
Full target data to remove 
backgrounds.

• Used vertex positions as Sidebands 
for BG estimation.

Extracted Cross Sections 

Event Selection - 4,272 Measured Helium Events

GENIE v3 and Tune Comparison 

𝑷𝑻
𝝁

 Cross Section CH to Helium Ratio

• MINERvA Tune v-2.4 
• Base model: GENIE 2.12.6
• 43% reduction in 𝜈𝜇 - induced non-resonant single pion production 

based on reanalyzed data from former neutrino bubble chamber 
experiments[1].

• In-situ 2p2h enhancement in the dip region for CCQE-like events[3].
• In-situ pion suppression at low 𝑄2 [4].

• A Cross-section Ratio Helium to MINERvA's active tracker (CH)  
was measured by applying the helium signal definition to CH.

• MINERvA was a dedicated neutrino cross-section measurement experiment 
using multiple targets (He, Fe, C, CH, and Pb) to explore A-dependence.

• On-axis with the NuMI  beamline at Fermilab.
• Helium target obtained 4.69 X1020 POT from the  NuMI ME beam with 𝑬𝝂 ≈ 6 GeV.

• The top figure presents the 2D extracted unfolded cross-sections (D'Agostini, 3 

iterations) in slices of muon longitudinal momentum (𝑷𝑳) as a function of muon 

transverse momentum (𝑷𝑻) relative to the neutrino beam.

• The bottom left figure displays the fractional uncertainty in the extracted 
unfolded cross-section.

• GENIE v3 model and Minerva Tune comparisons with the extracted 
unfolded cross-section.  

• We define the helium signal as a charged-current 

(CC) 𝟒𝑯𝒆 - 𝝂𝝁 event with a final-state muon and 

at least one additional track.
• The muon phase space is defined by acceptance 

and reconstruction efficiency in MINOS.
• At least one charged final state (FS) hadronic 

particle is reconstructed.
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Conclusions
• Presented MINERvA’s helium target and BG-subtracted 

event selection using data-driven background constraints.
• Extracted 2D CC helium-neutrino differential cross section 

with interaction breakdown and preliminary model 
comparisons.

• Presented CH-to-helium cross section ratio.
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