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Outline

• Introduction to MINERνA: ν-nucleus scattering 
experiment.

• Beam and Detector.

• Flux Estimation.

• Current Analysis Efforts.

• Quasi-Elastic Scattering.

• Calibration: The MINERνA Test Beam Program.
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MINERνA
(Main INjector ExpeRiment ν-A) 

• What: Dedicated neutrino-nucleus 
cross-section experiment running at 
Fermilab in the NuMI (Neutrinos at the 
Main Injector) beamline.  

• Why: Low energy (less than 10 GeV) 
cross-sections are poorly measured.

• Why: Provides critical input to future 
neutrino oscillation experiments.

• Why: Unique (weak-only) probe of the 
nucleus.  Many poorly measured 
quantities of interest (axial form factors 
as a function of A and momentum 
transfer (Q2), quark-hadron duality, x-
dependent nuclear effects, etc.).
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• Open questions in interaction physics abound.  For example:

• MiniBooNE & SciBooNE are in agreement, but conflict with NOMAD data at 
higher energy.  MINERνA is well suited to address this discrepancy.

• Kind of a big deal - quasi-elastics are a primary signal in oscillation experiments!
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Charged Current Quasi-Elastic 
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(T. Katori, MIT)
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The Best Thing Since 
Sliced Bread...

(Coming Spring 2011, 
along with H2O)

The MINERνA detector is comprised of a stack of MODULES of varying composition, 
with the MINOS Near Detector acting  as a muon spectrometer.  It is finely segmented 

(~32 k channels) with multiple nuclear targets (C, CH, Fe, Pb, He, H2O).
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MINERνA Modules

Modules have an outer detector frame of steel 
and scintillator and an inner detector element 

of scintillator strips and absorbers/targets.

Planes are mounted  
stereoscopically in XU or XV 
orientations for 3D tracking.

Extruded scintillator 
& wavelength 
shifting fibers.

17 mm

16.7 mm

Charge-sharing for improved 
position resolution (~3.5 mm).

Residual between a fitted 
position along a track and 
the charge-weighted hit in 
that plane for a sample of 

through-going muons.



Detector Live-time > 98%

Neutrino 
1.2e20 POT

Special Runs
(Flux Studies)

Anti-neutrino 
1.2e20 POT

Protons On Target:
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Data Collection
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• Completed full detector installation in March, 2010.

• Running in NuMI “Low Energy” mode.
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MINERνA Event Rates
Current Data Sample (GENIE* 2.6.2 Generator Raw Events)

1.2e20 POT Low Energy 
Neutrino Mode

1.2e20 POT Low Energy 
Anti-neutrino Mode

Coherent Pion Production 4k 3k

Quasi-Elastic 84k 46k

Resonance Production 146k 62k

Deep Inelastic Scattering, Structure Functions, 
High-x PDFs 168k 19k

Carbon Target 10.8k 3.4k

Iron Target 64.5k 19.2k

Lead Target 68.4k 10.8k

Scintillator (CH) Tracker 409k 134k

Target Masses: CH Fiducial = 6.43 tons, C = 0.17 tons, Fe = 0.97 tons, Pb = 0.98 tons w/ 90 cm vertex radius cut.
(* http://www.genie-mc.org)

http://www.genie-mc.org
http://www.genie-mc.org
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• The energy spectrum of the NuMI ν beam is tunable by changing 
the position of the target relative to the focusing horns.

• Can produce “Low”, “Medium”, and “High” (not shown 
spectra).

• By flipping horn current we can focus π+ particles for “ν 
mode” or π- particles for “anti-ν mode.”

• Extremely intense - <35e12> P.O.T. per spill at 120 GeV with a 
beam power of 300-350 kW at ~0.5 Hz.

• Current run plan is 4.9e20 P.O.T. in the “low-energy” (LE) neutrino 
configuration and 12e20 P.O.T. in the “medium-energy” (ME) 
configuration.
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The NuMI Beam

FLUKA 
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Measuring the Neutrino Flux
• Targeting ~10% flux uncertainty.

• Multi-prong approach:

• In-situ measurements with muon monitors spaced through the rock 
shielding (different depths sample different momentum spectra).

• Leverage existing hadron production data.

• Vary the beam parameters (horn current, target position) to 
deconvolve systematics and tune production Monte Carlo’s (MC’s).

• This last is the most novel of the three, and is a feature of the 
NuMI beamline.
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By moving the target and changing the current, we focus 
different parts of the pion production spectrum.

π+ PT = 300 MeV/c & 
p = 5 GeV/c
p = 10 GeV/c
p = 20 GeV/c
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Measuring the Neutrino Flux
• Largest uncertainty is hadron production on the target. Beamline uncertainties are easier 

to model.

• NuMI can provide a variable spectrum by focusing charged pions produced at the target. 
We can control:

• Magnetic focusing horn current (focus different PT’s),

• Target position (focus xF = PZ/PT).

Pion PT vs. PZ (GeV/c), Weighted by Neutrino Events 
for Varying Horn Currents and Target Positions

LE010, LE100, etc. label the 
target position. Moving the 
target back (LE100 > LE010) 
focuses higher energy pions.

0kA, 170kA, etc. label the 
horn current. Higher 

currents focus higher PT’s.
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Measuring the Neutrino Flux

• Each (xF,PT) bin contributes with 
different weights in each beam 
configuration.

• Use a moderate Q2 (0.2 < Q2 < 0.9 GeV2) 
Quasi-elastic “standard candle” (cross-
section is a function of Q2 and not 
energy) and normalize to high energy 
data sets to fix the normalization.

• Cross-section ratio to reference 
provides weights in (xF, PT) for π/K 
yields.

Flux Fraction vs. Neutrino Energy
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MINERνA Event Displays
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• Stereoscopic: 3 views X (view from above), U, V (  600). X views are twice as dense! 

• Strip vs. Module for the Inner Detector, Tower vs. Module for the Outer Detector.
• CCQEL Event Candidate.

DATA: Run 2395/17/30/4

X-View U-View V-View

Nuclear Targets ECAL & HCAL

Outer Detector

3D Display

              3D XZ YZ

XY

“3D” View

MINOS

MINERνA

MeV

PH Histogram

Options  MeV

5m

2.
14

m

OD Towers

X View

V View

Orientation in Z: UX, 
VX, UX, VX, etc.

Beam is +Z (into page).

x

y

U View
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Bundle hits into “Time Slices.”  Beam spill is ~10 μs, 
data gate is ~16 μs. Slices are typically ~100 ns wide.

X-View U-View V-View

2.
14

m

5m

Record entire beam spills... Things look messy!
Timing comes to the rescue!

nanoseconds

DATA: Run 2298/1/33/6

MINERνA Event Reconstruction
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MINERνA Event Reconstruction
Can now pick out single interactions easily! 

Note: Lot’s of through-going “rock muons” in the data...

These come from neutrino interactions in the upstream rock and are 
a valuable calibration tool (no cosmic ray trigger for MINERνA).

MINERνA Track

DATA: Run 2298/1/33/6

nanoseconds

2.
14

m

5m
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MINERνA Event Reconstruction

ns

3D Display

              3D XZ YZ

XY

MINERνA
MINOS

“3D” View

PH Histogram

Options  MeV

MeV

DATA: Run 2298/1/33/12

Tracking close-up... Focusing on muons now.

Charged Current Event Candidate
on Iron Nuclear Target

X-View

2.
14

m

5m
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CC Deep Inelastic Scattering Candidate.   Track reconstructed through the shower!

MINERνA’s fine-grained tracker and calorimeters 
make a rich physics program possible.

PH Histogram

Options  MeV

MeV

MeV

PH Histogram

Options  MeV

DATA: Run 2391/21/447/3

DATA: Run 2359/1/29/5

Single Electron Candidate.  Shower  reconstruction underway.

X-View U-View V-View



Area Normalized
DATA: 1.03e20 POT LE Neutrino Mode
MC: 1.20e20 POT LE Neutrino Mode 

μ-

μ+

DATA

Muon Sign Selection

μ- DATA

Water target not 
installed yet.

μ+ DATA
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Inclusive Anti-ν 
Charged Current (CC)

• CC signature is a muon from W exchange - excellent handle for events!

• We study tracks originating in the MINERνA tracker fiducial volume.

• Muon momentum and sign analyzed in MINOS.  MINERνA energy loss 
computed using range.

νμ

p

μ+

W-

stuff

Inclusive μ+ Data & MC: Low Energy Anti-ν Beam
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Anti-ν CCQEL
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• Clean signature: the neutron is often invisible, the muon is easy to identify and precisely measure.

• Preliminary analysis using 4e19 POT in anti-ν mode recorded during detector construction (partial build with 
fiducial tracker volume of 2.86 tons of plastic scintillator).

• Selection Criteria:

• μ+ originating in the MINERνA tracker well-reconstructed in MINOS.

• Minimal “recoil” energy (all energy outside a 5 cm radial cylinder around the track with a tight (100 ns) time 
cut) benchmarked against inclusive CC MC (GENIE 2.6.2 event generator, GEANT4 detector simulation 
with custom optical model, etc.).

νμ

p n

μ+

W-

Inclusive μ+ Data & MC: Low Energy Anti-ν Beam
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Anti-ν CCQEL
• Under the quasi-elastic hypothesis, we can calculate the Q2 with 

only muon information.

• By cutting on recoil energy vs. Q2, we can purify a set of sample 
CCQEL candidates from our inclusive charged current sample. 
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track angles can be measured, we do not have the capa-
bility to reconstruct the muon momentum for the tracks
which exit the MRD. However, this sample can provide
the normalization for the highest energy region. Hence,
this sample is also used for the neutrino interaction rate
measurement. According to the simulation, the purity
of νµ CC interaction in this sample is 97%. Impurities
mostly come from νµ CC interactions (∼ 2%). Figure 7
shows the distributions of the reconstructed muon angle
(θµ) of the MRD-penetrated muons. The expected num-
ber of events in each interaction mode is summarized in
Table V.

 (deg)µ!
0 10 20 30 40 50 60 70 80 90

Ev
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ts
0

500

1000

1500

2000

2500
DATA
MC total error
MC flux error

FIG. 7. (color online). Distribution of reconstructed angle
of the muon candidate in the MRD-penetrated sample. The
MC prediction is based on NEUT and absolutely normalized
by the number of POT. The total and flux systematic errors
on the MC predictions are separately shown.

TABLE V. The expected number and fraction of events in
each neutrino interaction type for the MRD-penetrated sam-
ple, as estimated by NEUT and NUANCE.

Interaction NEUT NUANCE

type Events Fraction(%) Events Fraction(%)

CC QE 2428 60.0 1943 57.0

CC res. 1π 1008 24.9 976 28.6

CC coh. 1π 140 3.5 130 3.8

CC other 356 8.8 255 7.4

NC 1.5 0.04 2.3 0.07

All non-νµ 89 2.2 75 2.2

External 27 0. 7 27 0.8

Total 4049 3407

3. Efficiency Summary

Figure 8 shows the efficiency of CC events as a function
of true neutrino energy for each sub-sample, estimated
from the NEUT based MC simulation. By combining
these three samples, we can obtain fairly uniform accep-
tance for neutrinos above 0.4 GeV.
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FIG. 8. (color online). (Top) Number of CC events in the
SciBar FV as a function of true Eν , predicted by the NEUT
based simulation. The number of selected events in each sub-
sample are also shown. (Bottom) Detection efficiency as a
function of true neutrino energy for each sub-sample.

C. Data Comparison to the MC prediction

Table VI shows the number of events obtained from
data and the predictions from NEUT and NUANCE
based MC simulations. The contamination of cosmic-
ray backgrounds is estimated using the off-beam data,
and have been subtracted from the data. For the total
number of events from the three sub-samples, we find
a data/MC normalization factor of 1.08 for the NEUT
prediction, and 1.23 for the NUANCE prediction.
To compare the MC predictions with data, the neu-

trino energy(Eν) and the square of the four-momentum
transfer(Q2) are the key variables since a flux variation
is purely a function of Eν while a variation of the cross
section model typically changes the Q2 distribution. We
reconstruct these variables assuming CC-QE interaction
kinematics. The reconstructed Eν is calculated as

Erec
ν =

m2
p − (mn − EB)2 −m2

µ + 2(mn − EB)Eµ

2(mn − EB − Eµ + pµ cos θµ)
, (2)
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TABLE VI. The number of events in each sub-sample from the data and the predictions from NEUT/NUANCE-based MC.
The numbers in parentheses show the ratio between the data and the predictions. The cosmic-ray backgrounds are estimated
from off-timing data and subtracted from the data.

Sample SciBar-stopped MRD-stopped MRD-penetrated Total

Data 13588.8 20236.4 3544.4 37369.6

NEUT 12278.3(1.11) 18426.3(1.10) 4049.0(0.88) 34753.6(1.08)

NUANCE 10841.9(1.25) 16036.2(1.26) 3407.5(1.04) 30285.6(1.23)

where mp, mn and mµ are the mass of proton, neutron
and muon, respectively, Eµ is the muon total energy, and
EB is the nuclear potential energy. The reconstructedQ2

is given by,

Q2
rec = 2Erec

ν (Eµ − pµ cos θµ)−m2
µ. (3)

Figure 9 shows the distributions of Erec
ν and Q2

rec for
the SciBar-stopped and MRD-stopped samples. In these
plots, data points are compared with the NEUT and NU-
ANCE based MC predictions. We find that the data are
consistent with the MC predictions within the systematic
uncertainties.

V. CC INTERACTION RATE ANALYSIS

A. Method

To calculate the CC inclusive interaction rate and cross
section versus energy, we re-weight the predictions of
NEUT or NUANCE based simulations in true energy
bins by factors that are found to give the best agreement
with the kinematic distributions for data versus MC pre-
diction.
The pµ vs. θµ (pµ-θµ) distributions from the SciBar-

stopped and the MRD-stopped samples, and θµ distri-
bution from the MRD-penetrated sample are simulta-
neously used for this measurement. Figure 10 shows
the pµ-θµ distributions of the SciBar-stopped and MRD-
stopped samples, while the θµ distribution for the MRD-
penetrated sample is shown in Fig. 7. Events in the same
pµ-θµ bins but in different sub-samples are not summed
together, but treated as separate pµ-θµ bins in the anal-
ysis, and only bins with at least 5 entries are used for the
fit. The total number of pµ-θµ bins is 159; 71 from the
SciBar-stopped, 82 from the MRD-stopped and 6 from
the MRD-penetrated samples.
We define 6 rate normalization factors (f0, · · · , f5)

which represent the CC interaction rate normalized to
the MC prediction for each true energy region defined in
Table VII. The events at Eν < 0.25 GeV are not used
since these events are below our detection efficiency as
shown in Fig. 8, and also the fraction of these low energy
interactions are negligibly small (< 1%) at the BNB flux.
We calculate these rate normalization factors by compar-
ing the MC predictions to the measured CC interaction

rate. For each energy region, we generate the MC tem-
plates for the pµ-θµ distributions in each event sample;

npred
ij is the predicted number of events in the j-th pµ-θµ

bin, corresponding to energy bin i. The expected number
of events in each pµ-θµ bin, Npred

j , is calculated as

Npred
j =

Eνbins∑

i

fin
pred
ij . (4)

Figures 11 and 12 are MC templates of the pµ-θµ
distributions for the SciBar-stopped and MRD-stopped
samples. We see that there is a large contribution
in the SciBar-stopped sample of events with Eν below
0.75 GeV. Hence, this sample is essential to determine the
rate normalization factors in the low energy regions. The
pµ-θµ distributions of the MRD-stopped sample clearly
depends on Eν , up to 1.75 GeV. However, most of the
events in the MRD-stopped sample with Eν > 1.75 GeV
have small reconstructed pµ. These are events with en-
ergetic pion or proton tracks that are mis-reconstructed
as muons. Due to the weak constraint from the MRD-
stopped sample on events with Eν > 1.75 GeV, the
MRD-penetrated sample is included in the fit since about
2/3 of the events in this sample have Eν > 1.75 GeV as
shown in Fig. 13.
We find the rate normalization factors (f0, · · · , f5)

which minimize the χ2 value defined as:

χ2 =
Nbins∑

j,k

(Nobs
j −Npred

j )(Vsys+Vstat)
−1
jk (N

obs
k −Npred

k ).

(5)

Here, Nobs
j(k) and Npred

j(k) are the observed and predicted

numbers of events in the j(k)-th pµ-θµ bin, and Npred
j(k)

is a function of the rate normalization factors as shown
in Eq. (4). Vsys is the covariance matrix for systematic
uncertainties in each pµ-θµ bin, and Vstat represents the
statistical error. We have a total of 159 bins, so Vsys and
Vstat are 159× 159 dimensional matrices. The details of
evaluating Vsys are described in the following section.

B. Systematic Errors

The sources of systematic error are divided into four
categories: neutrino beam (i), neutrino interaction mod-

(Neutrino Energy; Flip nucleon masses for antineutrinos.)
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Anti-ν CCQEL
νμ

p n

μ+

W-

• Reminder: Absolute predictions from our flux simulation 
(GENIE 2.6.2, GEANT4).

• Event deficit is flat in Q2, but not Eν.
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MINERνA Test Beam

23

• Calibration experiment at the FNAL Test Beam Facility (FTBF).

• Provide hadronic response calibration (ratio of π/μ) in the MINERνA Main Detector.

• MINERνA added a new copper target and collimator, four wire chambers, two 
dipole magnets, and a time-of-flight system for triggering to build a new tertiary 
beamline.

• 16 GeV pion beam on a Cu target produces tertiary pion beam from 400 MeV to 
1.2 GeV. 

• Now part of the facility and available for other experiments to use!

16 GeV 
Pion 

Beam

Copper
Target

Wire Chambers 1-4
Dipole Magnets
ToF Panels 1-2

Tertiary 
beam at 400 
- 1200 MeV
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• 40 planes in XUXV stereoscopic orientation using 
the same scintillator and absorber geometry.

• Reconfigurable construction: took data in a 20 
ECAL+ 20 HCAL configuration and in a 20 Tracker 
+ 20 ECAL arrangement. 

• Finished first physics run June 9 - June 28 
(calorimetry configuration) & July 1 - July 17 
(tracking configuration), 2010. Analysis is 
underway.

24

MINERνA Test Beam, Cont.
π- Candidate, |p| = 709 MeV/c

(X - View)

ECAL
(20 MINERνA 

Planes)

HCAL
(20 MINERνA 

Planes)

1.
07

 m

1.22 m
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Done! 

DIS2010 

13 

About 100 Nuclear & Particle 
Physicists from 22 Institutions:
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Thank You For Listening!

On behalf of the MINERνA Collaboration, I would additionally like to 
extend a special set of thanks to the conference organizers for inviting 

us to share our progress and for their diligent efforts at this conference!
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• We are now entering a period of 
precision neutrino oscillation 
measurements.

• To maximize oscillation effects, 
need Δm2 × L/EBeam ~ 1.

• For Δm2 ~ 2.5 × 10-3 eV2 and L ~ 
100’s of km, EBeam ~ few GeV 
range.

• Therefore, we need precision 
measurements of neutrino cross 
sections in this range.

28

MINERνA Motivations
! physics  
landscape neutrino 

oscillations 
neutrino 

interactions 

MINER!A 

experiment physics 

Conclusion 

DUSEL 

NOvA 

CNGS 

MINOS 

Dave Schmitz, Fermilab 51 

! 
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physics 

2
Eν

MINERνA Coverage

MINOS
CNGST2K

NOνA
LBNE

G. Zeller

(No MiniBooNE results on this plot.)
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Disappearance Oscillation 
Measurement

• Recall oscillation probability depends on Eν.

• However, experiments measure Evis.

• Evis depends on flux, σ, and detector response.

• Final state interactions are important! ν interacts in dense nuclear matter, and 
products do not always cleanly exit the nucleus.

• Evis is not equal to Eν!

• Near/Far detector ratios cannot handle all the uncertainties because the ENear/EFar 
spectra are different due to matter effects, etc.

29

!"#$%&'())*&+,-./&)01&'()) 23&4,5%56$1&7689$-:8;<&5=&48;;:>"-?/ @

!"#$%&#$"'

($)&**+&,&'-+./)-$00&#$"'.!+&)1,+2+'#3

4.56*+,$2+'#).+6*+-#.7$)#",#$"'.$'.ν +'+,89..
..7$)#,$:1#$"'.;",.5

ν 
<.=.>+?

4.@+-&00.")-$00&#$"'.*,":&:$0$#9.7+*+'7)."'.5
ν

4.A"B+%+,.56*+,$2+'#).!+&)1,+.5
%$)

4.5
%$)
.7+*+'7)."'.C016D.σD.&'7.7+#+-#",.,+)*"')+.

.......$'#+,&-#$"'.210#$*0$-$#$+).EF(.*&,#$-0+.#9*+.

.......*,"71-+7

C$'&0.G#&#+.H'#+,&-#$"')3
4.H'#,&'1-0+&,.,+)-&##+,$'8
4.5'+,89.0")).&'7I",.&:)",*#$"'
4.JK&'8+.$'.7$,+-#$"'

4.5
%$)
.'"#.+L1&0.#".5

ν!"#$%&'())*&+,-./&)01&'()) 23&4,5%56$1&7689$-:8;<&5=&48;;:>"-?/ @

!"#$%&#$"'

($)&**+&,&'-+./)-$00&#$"'.!+&)1,+2+'#3

4.56*+,$2+'#).+6*+-#.7$)#",#$"'.$'.ν +'+,89..
..7$)#,$:1#$"'.;",.5

ν 
<.=.>+?

4.@+-&00.")-$00&#$"'.*,":&:$0$#9.7+*+'7)."'.5
ν

4.A"B+%+,.56*+,$2+'#).!+&)1,+.5
%$)

4.5
%$)
.7+*+'7)."'.C016D.σD.&'7.7+#+-#",.,+)*"')+.

.......$'#+,&-#$"'.210#$*0$-$#$+).EF(.*&,#$-0+.#9*+.

.......*,"71-+7

C$'&0.G#&#+.H'#+,&-#$"')3
4.H'#,&'1-0+&,.,+)-&##+,$'8
4.5'+,89.0")).&'7I",.&:)",*#$"'
4.JK&'8+.$'.7$,+-#$"'

4.5
%$)
.'"#.+L1&0.#".5

ν

νμ
μ-

Figures courtesy of V. Paolone 
and the SuperK Collaboration. 

P (νµ → νµ) = 1 − cos4 θ13 sin2 2θ23 sin2

(

1.27∆m2
23(eV

2)L(km)

Eν(GeV )

)

− ... (1)

where the additional terms are O(sin2 2θ13) or smaller. Currently ∆m2
23 is known to within a factor

of two and cos4 θ13 sin2 2θ23 must be larger than 0.9, at 90% confidence level [8]. Since sin2 2θ13 has
been constrained below 0.1 by the CHOOZ reactor experiment[9], this means sin2 2θ23 itself is very
close to 1. The fact that θ23 is close to 45◦ has been cited as a hint of the underlying symmetry that
generates neutrino mass and mixing. Precise measurement of this angle is important because the level
at which the mixing deviates from maximal may again give hints about the mechanisms responsible for
the breaking that symmetry [10].

More precise measurements of ∆m2
23 are required to extract mixing angles from eventual νe ap-

pearance experiments. The challenge of ∆m2
23 lies in measuring the true neutrino energy in both near

and far detectors. Even if the two detectors have an identical design, any uncertainty in the “neutrino
energy scale” of the νµ charged-current signal translates directly into an uncertainty in the extracted
value of ∆m2

23.
There are two different ways of measuring neutrino energies: kinematic or calorimetric reconstruc-

tion. We discuss both techniques here, and then explain how uncertainties in neutrino interactions lead
to energy scale uncertainties and ultimately ∆m2

23 uncertainties.
The first experiment to provide a precision measurement of ∆m2

23 will be MINOS [11], which will
start taking data early in 2005. MINOS will use both far and near detectors, which are magnetized
steel-scintillator calorimeters with 2.54 cm longitudinal segmentation. The transverse segmentation of
the 1 cm thick scintillator planes is 4 cm. MINOS will use Fermilab’s NuMI beam, with a baseline of
735 km, which can provide a variety of broad-band neutrino spectra. In its lowest-energy configuration,
where MINOS expects to do most of its running, the peak neutrino energy in the νµ interaction spectrum
is about 3.5 GeV.

T2K will use Super-Kamiokande, a water Cherenkov detector, and focus on single-ring muon-like
events, for which the neutrino energy is reconstructed kinematically under the hypothesis of two-body
scattering. T2K will use a narrow band off-axis neutrino beam from J-PARC in Tokai, whose peak flux
is close to 700 MeV, and which originates some 295 km away [13]. The design of the near detectors
has not been finalized, but should include a fine-grained tracker and a water Cherenkov detector.

The proposed NOνA experiment will use a calorimetric detector to improve measurement of ∆m2
23.

Because NOνA is optimized for νe appearance rather than νµ disappearance, it will use near and far
calorimeters made of scintillator planes interspersed with particle board or other scintillator planes.
The longitudinal segmentation should be about 1/3 to 1/6 of a radiation length, and the transverse
segmentation of the scintillator will be about 4 cm[12]. NOνA will also use the NuMI beam, but will
place its detectors 12–14 mrad off the beam axis, to receive a narrow-band neutrino spectrum. NOνA
with a baseline of 810 km, will run with a peak neutrino energy of about 2 GeV.

1.2.1 Kinematic neutrino energy recontruction

Kinematic reconstruction assumes that a given event was produced by a particular process (for example,
quasi-elastic scattering) and determines the neutrino energy based on a sufficiently constraining subset
of the final-state particles under that hypothesis.

This technique is well-suited to water Cherenkov detectors, which perform best for single-ring
topologies. In Super-Kamiokande detector, for example, the νµ charged-current signal consists of

4
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• Four basic module types:

• Tracker: two scintillator planes in stereoscopic orientation.

• Hadronic Calorimeter: one scintillator plane and one 2.54-cm steel 
absorber.

• Electromagnetic Calorimeter: two scintillator planes and two 2-
mm lead absorbers.

• Nuclear Targets: absorber materials (some with scintillator 
planes).

• Instrumented outer-detector steel frames.

• 120 Total Modules: 84 Tracker, 10 ECAL, 20 HCAL, 6 Nuclear Targets.

MINERνA Modules

Modules have an outer detector 
frame of steel and scintillator...

...and an inner detector element of 
scintillator strips and absorbers/targets.
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Extruded scintillator 
& wavelength 
shifting fibers.

17 mm

16.7 mm

Charge-sharing for improved 
position resolution (~3.5 mm).

Planes are mounted  
stereoscopically in 

XU or XV orientations 
for 3D tracking.

Fibers bundled into 
cables to interface 

with 64 channel 
multi-anode PMT’s.

Strips are bundled 
into PLANES to 

provide transverse 
position location 
across a module.

Plastic scintillator strips form the 
active detector elements.



Gabriel N. Perdue, 
The University of Rochester

Rencontres de Moriond, Electroweak Interactions 
& Unified Theories, March 2011, La Thuile, Italy 32

iron+lead 
target 

mods/2 

!"

MINERνA “Frozen Detector”

• Partial installation of 34 
tracking, 10 ECAL, and 20 HCAL 
(full back calorimetry) 
completed November 12, 2009.

• Collected data in this 
configuration until early January, 
2010 when we resumed 
installation (and continued data-
taking with the “Downstream 
Detector”).

• One nuclear target module (Fe, 
Pb) and one module 
instrumented as veto included 
for the “Frozen” period. Pb + Fe

Target
Tracker ECAL HCAL
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!"

!  MINERvA Installation completed in 
March, 2010 

!  He/H2O target to be installed in 
March, 2011 

• MINERνA installation finished in 
March, 2010.

• He/H2O targets to be installed in 
soon.

• Cross-section below is not to scale 
(the detector is approximately 
cubic).

Tracker ECAL HCALNuclear Targets
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Flexible Energy in the 
NuMI Beam
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• GEANT3­based Monte Carlo using FLUKA to 
calculate the flux of particles off the target. 

• Evacuated decay pipe (now filled with He gas). 

• Fluxes calculated at the center of the detector 
(1030.99m from the upstream end of horn 1). 

• All fluxes (for display purposes) are plotted at 
a single point, whereas the MINERνA detector 
is large in transverse size.  This is properly 
taken into account when calculating Monte 
Carlo data sets for MINERνA.

• Goal for the flux uncertainty is ~10%.

The NuMI Beam - Flux

LE = low energy target, horns separated by 10m, target at z= ­10cm; LE010/185kA. 
ME = low energy target, horns separated by 23m, target at z= ­100cm; ME100/200kA 
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• We are planning a set of special runs varying the target position and horn current 
to sample different production spectra.

• We then plan to fit that data to model our baseline scenario. We are currently 
testing the procedure by tuning one MC against another.

• We have a small sample of special run data in hand, and plan to acquire more 
this Spring.

• Our total error estimate below includes beam focusing uncertainties, MC 
differences in π+ production, and a 5% yield uncertainty for π+ production on our 
target. 

Errors based on 
“current knowledge.”

MC Before Fit 

Low Energy Neutrino Mode
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• Overview of the flux error band:

• Created by warping pT of π+ off the spectrum by 30 MeV. 
Observed change in flux due to the warping, and considered that 
to be a one sigma error band due to hadron production 
uncertainty. 

• Added in quadrature a 5% uncertainty due to overall uncertainty 
of yield off target. 

• Added in quadrature the focusing uncertainties estimated by Z. 
Pavlovic.

• Notes about what’s not included in the large error band:

• Differences in how models handle tertiary hadron production. 

• Differences in the mean pT of π-, K+, and K- off of the target.
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Anti-ν Event Candidates Michel Electron Candidate

module module
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Δt ~ 500 ns

Beam Direction

Muon

Decay Electron

64 Modules ~ 3.5 m

Timing Resolution ~4 ns.



Gabriel N. Perdue, 
The University of Rochester

Rencontres de Moriond, Electroweak Interactions 
& Unified Theories, March 2011, La Thuile, Italy 46

)2 (GeV2True - Reconstructed Q
-0.4 -0.2 0 0.2 0.4

Ev
en

ts

0

500

1000

1500

2000

2500 Preliminary

)2 (GeV2True Q
0 0.5 1 1.5 2 2.5 3 3.5 4

)2
 (G

eV
2

Tr
ue

 - 
R

ec
on

st
ru

ct
ed

 Q

-2.5
-2

-1.5
-1

-0.5
0

0.5
1

1.5
2

2.5

1

10

210

310Preliminary

 (GeV)True - Reconstructed E
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Ev
en

ts

0
200
400

600
800

1000
1200

1400
1600
1800 Preliminary

 (GeV)True E
0 2 4 6 8 10 12 14 16 18 20

 (G
eV

)
Tr

ue
 - 

R
ec

on
st

ru
ct

ed
 E

-20

-15

-10

-5

0

5

10

15

20

1

10

210

Preliminary

νp → μ+n  Event Candidates: 
Low Energy Anti-ν Beam MC
True - Reconstructed : True


