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• The event generator used in MINERvA is GENIE 2.12.6
• Cross section extraction is developed using neutrino interactions from GENIE, 

background estimation, efficiency correction, etc…
• The estimate time for processing MC at MINERvA with a new GENIE version is 

from 6 months to 1 year
• MINERvA finished a MC production a few months ago for the all the medium 

energy data set
• MC productions are done every two years approximately 
• MINERvA is preparing the first results from medium energy beam, it might difficult 

to get a new MC production soon
• GENIE documentation is crucial for our analyzes, we interpret the results 

comparing with GENIE predictions
• When we moved from 2.8 to 2.12 we did a detail study to understand and track 

down the differences 
• Is there any detailed documentation about the changes that went to GENIE v3?
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• MINERvA is using GENIE 2.12.6
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Which Models Are We Using?
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Neutrino Experiments

• Introduction
• Motivation
• Overview of cross section measurements
• Charged current quasi-elastic
• Pion production
• Charge current inclusive 
• Deep inelastic 
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3 The NOMAD detector

The NOMAD detector [29] consisted of an active target
of 44 drift chambers with a total fiducial mass of 2.7 tons,
located in a 0.4 Tesla dipole magnetic field as shown in
Fig. 1. The X ×Y ×Z total volume of the drift chambers
is about 300× 300 × 400 cm3.

Drift chambers [37], made of low Z material served
the dual role of a nearly isoscalar target1 for neutrino in-
teractions and of tracking medium. The average density
of the drift chamber volume was 0.1 g/cm3. These cham-
bers provided an overall efficiency for charged track re-
construction of better than 95% and a momentum resolu-
tion which can be approximated by the following formula
σp

p ≈ 0.05√
L

⊕ 0.008p√
L5

, where the momentum p is in GeV/c

and the track length L in m. Reconstructed tracks were
used to determine the event topology (the assignment of
tracks to vertices), to reconstruct the vertex position and
the track parameters at each vertex and, finally, to iden-
tify the vertex type (primary, secondary, etc.). A transi-
tion radiation detector (TRD) [38,39] placed at the end
of the active target was used for particle identification.
Two scintillation counter trigger planes [40] were used to
select neutrino interactions in the NOMAD active target.
A lead-glass electromagnetic calorimeter [41,42] located
downstream of the tracking region provided an energy res-
olution of 3.2%/

!

E[GeV]⊕1% for electromagnetic show-
ers and was crucial to measure the total energy flow in
neutrino interactions. In addition, an iron absorber and
a set of muon chambers located after the electromagnetic
calorimeter was used for muon identification, providing
a muon detection efficiency of 97% for momenta greater
than 5 GeV/c.

The NOMAD neutrino beam consisted mainly of νµ’s
with an about 7% admixture of ν̄µ and less than 1% of
νe and ν̄e. More details on the beam composition can be
found in [30].

The main goal of the NOMAD experiment was the
search for neutrino oscillations in a wide band neutrino
beam from the CERN SPS [43,44]. A very good quality
of event reconstruction similar to that of bubble chamber
experiments and a large data sample collected during four
years of data taking (1995-1998) allow for detailed studies
of neutrino interactions.

3.1 Reconstruction of QEL events in the NOMAD
detector

A detailed information about the construction and perfor-
mance of the NOMAD drift chambers as well as about the
developed reconstruction algorithms is presented in [37].
Let us briefly describe some features relevant to the cur-
rent QEL analysis. The muon track is in general easily
reconstructed. However, when we study protons emitted
in the νµ QEL two-track candidates we deal with protons

1 the NOMAD active target is nearly isoscalar (nn : np =
47.56% : 52.43%) and consists mainly of Carbon; a detailed de-
scription of the drift chamber composition can be found in [37]
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Fig. 1. A side-view of the NOMAD detector.

with momentum well below 1 GeV/c and with emission
angle above 60 degrees. For positive particles in the up-
ward hemisphere of the NOMAD detector such conditions
mean that these particles are almost immediately making
a U-turn due to the magnetic field. There were no spe-
cial efforts invested into tuning the NOMAD reconstruc-
tion program to reconstruct this particular configuration
(which is rather difficult due to the fact that these protons
are in the 1/β2 region of ionization losses, traversing much
larger amount of material, crossing drift cells at very large
angles where the spacial resolution of the drift chambers is
considerably worse and where a large amount of multiple
hits is produced, etc.). Some of these effects are difficult
to parametrize and to simulate at the level of the detec-
tor response in the MC simulation program. Thus, the
reconstruction efficiencies for this particular configuration
of outgoing protons could be different for the simulated
events and real data.

Let us stress, however, that for protons emitted down-
wards we observed a good agreement between data and
MC.

In the current analysis it was important to disentangle
the reconstruction efficiency effects discussed above from
the effects induced by intranuclear cascade (which could
change the proton kinematics and thus introduce drastic
changes in the final results due to the efficiency mismatch
between simulated and real data). In order to get rid of an
interplay between these two effects it was crucial to choose
the region in the detector with a stable reconstruction effi-
ciency. This could be achieved by selecting νµ QEL events
where protons are emitted in the lower hemisphere of the
NOMAD detector. This approach allowed to find the best
set of parameters for description of the intranuclear cas-
cade.

The most upsteam drift chamber was used as an addi-
tional veto to remove through-going muons from neutrino
interactions upstream of the NOMAD active target. This
is crucial for the study of single track events.Minerba Betancourt/Moriond QCD 2014

• Fine-grained scintillator tracker surrounded by calorimeters

The MINERvA Experiment
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17 mm

16.7 mm

3 different rotated plane views to 
resolve high multiplicity events 

MINOS ND magnetized
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MINERvA

NOMAD

Argonut MicroBooNE

MiniBooNE

Nuclear Model Relativistic Fermi Gas

NC Elastic: Ahrens 

CCQE Llewellyn-Smith with Dipole 
axial from factor 

Resonance Rein Sehgal

Deep Inelastic Bodek-Yang

Hadronization AGKY

FSI hA model

CC  MEC Valencia model

RPA QE Valencia model
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• MEC Valencia tuning was done using GENIE 2.8, Phys.Rev.Lett. 116 (2016) 
071802
• Recent analyses has been done using GENIE 2.12.6 and with the MEC tuning 

we see better data-MC agreement Phys.Rev. D97 (2018) no.5, 052002 , 
Phys.Rev. D99 (2019) no.1, 012004 
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Model Tuning 

Tunning

Non resonant pion 
production

has been modified to agree with 
deuterium data

MEC Valencia has been tuned to MINERvA data

RPA QE Valencia RPA

Coherent pion Reweighed to MINERvA data 


