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ༀ Inclusive        νμ-CC Cross-section (3≤Eν≤50 GeV) 

    Inclusive  Anti-νμ-CC Cross-section (5≤Eν≤50 GeV) 

                               Status of: 
                               ༀ MA-Parameter of the Quasi-Elastic  νμ-CC Interaction  

                               ༀ Coherent-π0  in   ν-NC Interaction  
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Main 
Injector 
Neutrino 
Oscillation 
Search

735 km

The oscillated neutrino 

beam is measured by the 

Far Detector, at a mine in 

Minnesota.

Neutrinos are produced by 

the NuMI beam. The 

beams composition and 

energy are measured by 

the Near Detector

31 Institutions, 140 Physicists

Measurements and limits include:

!m2
32,  sin22"32, !m2

32,  sin22"32, 
"13, sterile neutrinos, CPT 

conservation, cross-sections...
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✺Foc+ ⇒ νμ⇛91.7%      Anti-νμ⇛7%     (Anti-)νe⇛1.3%
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Near Detector

!At Fermilab, IL

!282 Planes

!980 Ton

MINOS Detectors

B

Far Detector

Near Detector
Planes of 2.54cm Steel 
and 1cm Scintillator

Alternating scintillator planes 
in perpendicular directions 

for 3D event reconstruction

Toroidal magnetic 
field allows charge 
sign determination

Both detectors are functionally equivalent, in 
order to reduce systematics.

Far Detector

!At Soudan, MN

!486 Planes

!5400 Ton
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MINOS Near and Far Detectors

☙4.1 cm wide Sci
☙WLS-fiber 
☙Multi-anode PMT

☙B ≃    1.3T
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Status of Inclusive σ(νμ-CC) before MINOS

⇚(0.677  ±        0.014 ): CCFR & CDHSW 

⇐ SPY➢Flux-Shape;   Abs.Flux from σ/Eν



MINOS Inclusive σ(νμ-CC) Measurement Strategy 

✺ Select Inclusive νμ-CC  &  Anti-νμ-CC Events 

✺ Determine  σ(νμ-CC) Cross-section at 3≤Eν≤50 GeV relative to 

   σ(νμ-CC) at 40≤Eν≤200 GeV:  ±       2.1% precision 

✺ Measure Relative-flux (Shape) using Low-ν0 Technique 

✺ Fix the absolute level using high-Eν region

✺ Apply acceptance/smearing and model-corrections; evaluate  
   systematic errors
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 ☙ νμ ⇒μ- Focussed; Ƥμ≥1.5 GeV;  Eν≥3 GeV

☙ Anti-νμ ⇒μ+ defocussed; More Stringent μ-ID; Ƥμ≥1.5 GeV;  Eν≥5 GeV

☙ Background ➢ ≃       2% for νμ;   ≃       5% for νμ
☙ Acceptance ➢ ≃       70% for νμ;   ≃       60% for νμ at Eν ≃   10 GeV 



HiResM  :
Costs and Detector Design

R. Pett i
University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

LOW-ν0 METHOD

! Relative flux vs. energy from low-ν0 method:

N(Eν : EHAD < ν0) = CΦ(Eν)f(
ν0

Eν
)

the correction factor f(ν0/Eν) → 1 for ν0 → 0.

=⇒ Need precise determination of the muon energy scale
and good resolution at low ν values

! Fit Near Detector νµ, ν̄µ spectra:

" Trace secondaries through beam-elements, decay;
" Predict νµ, ν̄µ flux by folding experiental acceptance;
" Compare predicted to measured spectra =⇒ χ2 minimization:

d2σ

dxF dP 2
T

= f(xF )g(PT )h(xF , PT )

" Functional form constraint allows flux prediction close to Eν ∼ ν0.

! Add measurements of π±/K± ratios from hadro-production experiments to the
empirical fit of the neutrino spectra in the Near Detector

Roberto Petti USC

docdb! #300, #307

Sanjib Mishra

STT: Ok, 

LAr Ok with B, 

Scint. Ok 

⇐Shape of νμ or  Anti-νμ Flux

   SRM, Wold.Sci. 84(1990), Ed.Geesman

⇚CCFR,  NOMAD,  NuTeV,  MINOS

0
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0 0
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Figure 1: ν0 correction for ν0 = 1.0 GeV as a function of Eν for νµ and νµ

5 Empirical Parametrization of π+, K+, π−, and K−

using the Low-ν Events in ND

Our analysis entails an empirical prarametrization (EP) of the secondary π± and K± pro-

duction in 120 GeV p-NuMI target as a function of xF and pT using the relative flux

determined by the low-ν events in the ND. The analysis should be contrasted with the

‘traditional’ method of using the low-ν events, as in CCFR/NuTEV and in the MINOS-

ND: start with data CC events with EHad ≤ ν0 correct for acceptance and smearing;

apply the low-ν correction to obtain the relative ν-flux at ND. (The analysis of the in-

clusive νµ-cross section by Debdatta and Donna [2] essentially use this method.) The

advantage of the EP analysis is as follows:

• ND and FD Flux: The EP constraints of pions and kaons allows us to accurately predict

the FD flux predicated on the ND low-ν events.

• The νe and νe Flux: Constraining the normalization and energy dependence of π+,

and, hence, of µ+, and K+ allows us to predict the νe/νµ ratio at the ND and the FD [3].

19

✺Sliding ν0-Cut:   ν0=1GeV for   3≤Eν≤9  GeV; 
                           ν0=2GeV for  9≤Eν≤18 GeV;
                               ν0=5GeV for  18≤Eν≤50 GeV;
✺Correct for Acceptance, smearing, background 

✺Correct for Low-ν0 ➳ Flux Shape
✺Iterate 
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Systematic Errors assoc. with Low-ν0 Flux 
☙Model Parameters: QE, Res, DIS
☙Energy Scale: Eμ &  EHad

☙Background
☙Acceptance
☙
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FIG. 7: Comparison of data and Monte Carlo simulation distributions for the kinematic variables

Eµ, Ehad, and θµ for neutrinos (left) and antineutrinos (right). The points show the data, the

dashed line shows the nominal Monte Carlo model and the solid line shows the Monte Carlo

model after applying flux reweighting. The ratio of the data to Monte Carlo is shown below each

distribution. The error bars show the statistical and systematic uncertainties added in quadrature.
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Eμ
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νμ  Anti-νμ
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FIG. 8: Effect of the energy scale uncertainty on the neutrino (left) and antineutrino (right)

extracted cross section. The curves give the shape distortion due to a one-sided one-sigma error.

The solid line shows the effect of increasing the muon energy scale by 2% for stopping muons and

4% for exiting muons. The dotted line shows the effect of increasing the hadronic energy scale by

5.6%, and the dashed line shows the effect of shifting the final state interaction model. The plot

on the right also shows the effect of wrong-sign contamination uncertainty (large dashes) on the

antineutrino cross section.
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FIG. 9: Summary of the statistical, total systematic, and total uncertainty for the neutrino (left)

and antineutrino (right) extracted cross section.
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FIG. 10: Neutrino (left) and antineutrino (right) charged-current inclusive cross section per nucleon

divided by energy for an isoscalar iron target. The black error bars show the statistical uncertainty

and the shaded boxes show the statistical and systematic uncertainties added in quadrature. The

dotted band shows the uncertainty on the normalization (about 1.5%). The solid black line shows

the world average neutrino cross section value of 0.675 × 10−38 cm2/GeV from 30 to 50GeV [1–

3, 11, 19] and the dashed black line shows this value extrapolated to lower energies. The neutrino

cross section above 30GeV is normalized using this world average value and the same normalization

constant is then applied to the antineutrinos. The solid black line on the antineutrino cross section

plot shows a world average antineutrino cross section value of 0.329 × 10−38 cm2/GeV from 30 to

50GeV [2, 3, 11]. This value is shown for comparison and is not used for antineutrino sample

normalization.

to scaling behavior than has been previously claimed by low energy measurements2, which

found their data to be consistent with scaling in the few GeV range [8, 14, 22].

Fig. 12 also shows the cross section ratio compared with the few other existing measure-

ments. The MINOS data uniquely spans the 10-30GeV region. It overlaps the precise high

energy measurements [17, 21] as well as the Gargamelle low energy measurement [22] which

has precision of only about 20%.

The total neutrino and antineutrino cross section in the Quark Parton Model, which

describes neutrino scattering at high energy, can be written as

σ(νN) =
G2

FME

π
(Q +

1

3
Q̄), (8)

2 These are based on fits to the measured neutrino cross section with energy.
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FIG. 11: MINOS neutrino and antineutrino charged-current inclusive cross section compared with

other experimental results [1–3, 8–13, 15, 17, 19–21, 46, 47]. The error bars show the statistical,

systematic, and normalization uncertainties added in quadrature. The solid black line shows the

average world cross section in the 30 to 50GeV region for the neutrino (0.675 × 10−38 cm2/GeV)

and the antineutrino (0.329 × 10−38 cm2/GeV). The dashed line shows these high energy values

extrapolated to lower energies.

the nucleon, respectively. In the limit of large Q2, Q2 >> M2, the PDFs depend only

on x and are independent of Q2. In this limit the QPM predicts scaling behavior, i.e.,

a linear dependence of the cross sections with energy. In the low energy (low Q2) limit,

scaling violations occur and the QPM breaks down. Scattering off the entire nucleon (quasi-

elastic scattering) and resonance production, where the nucleon is excited and decays to low

multiplicity final states, must also be considered to account for the energy dependence of

the cross section.

The ratio r is constant with energy in the QPM and depends only on the integrated quark

and antiquark distributions in the high-Q2 limit. Eq. 9 indicates antiquarks are relatively

more important in the antineutrino scattering case. r approaches the limiting value of 1/3
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FIG. 12: (left) Ratio of antineutrino-nucleon to neutrino-nucleon cross section as a function of

energy. Black error bars show the statistical uncertainty and shaded boxes show the total uncer-

tainty with statistical and systematic uncertainties added in quadrature. The solid black line at

0.504±0.003 is drawn at the average value obtained from previous measurements over the energy

range 30-200 GeV [4]. (right) Comparison of measured r with other measurements for E <100GeV.

The MINOS result spans the intermediate energy range and overlaps with the low energy data [22]

as well as with precise high energy measurements [17, 21].

if antiquarks are not present in the nucleon. High energy measurements of r can be used to

measure the fraction of momentum carried by antiquarks in the nucleon.

In order to interpret our measurement of r in the context of the QPM the quasi-elastic

contribution is removed from the measured value by defining rinel = σν
inel/σ

ν
inel to be the

cross section ratio for the purely inelastic contribution to the cross section. To compute

rinel, the neugen3 cross section model [23] is used to remove the fractional quasi-elastic

contribution3. Table IV gives the measured ratio r and the inelastic fraction rinel along with

their experimental uncertainties. The similarly slow increase of rinel with energy shows that

the decrease in the quasi-elastic contributions alone has only a small effect on the observed

shape.

Eq. 10 can be rearranged to give the fraction of total quark momentum in the nucleon that

is carried by antiquarks, Q̄
Q+Q̄

= 1
2
(3r−1)
(r+1) . This fraction as a function of energy is also given

3 The neugen3 model, as described earlier, uses a value of MQE
A = 0.99. We provide the raw measured

r so that one can use other models to compute the inelastic fraction. This will be especially useful as

knowledge of MQE
A improves. For reference, increasing MQE

A by 0.15 decreases the inelastic fraction by

less than 1% at 5.9GeV, which is small compared with the experimental uncertainty.
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Figure 24: The MINOS νµ charged current cross section measurement from utilizing the
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MINOS Low-ν method [21] and from NOMAD [20].
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σ(Anti-νμ) & σ(νμ) Measurement by MINOS 

☙ σ(νμ):                      from 3.5 Gev (8.2%) to 30 GeV (2.4%)

☙ σ(Anti- νμ):                from 5.9 Gev (9.5%) to 30 GeV (4.9%)

☙ r = σ(Anti- νμ)/σ(νμ): from 5.9 Gev (7.2%) to 30 GeV (4.8%)



Status of Inclusive σ(νμ-CC) Quasi-Elastic
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ༀ From Q**2 Fit ➢ MA= 1.07  ±  0.06 (Stat)  ±  0.07 (Syst)

ༀ

MA ➣ an
analysis-

Parameter



Sam Zeller, DUSEL collab mtg @ FNAL, 07/15/09
9

Quasi-Elastic Scattering

   ~ 30% difference between QE ! 

   measured at low & high E on 12C ?! ?

(T
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MiniBooNE 

NOMAD 

SciBooNE

Fermi Gas with MA=1.35 GeV

Fermi Gas with MA=1.03 GeV

• new, modern measurements of QE ! at these energies (on 12C)

preliminary

QE

Eur.Phys.J.C63:355-381,2009

↖Discrepancy?
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✺ With Q**2>0.3 ⇒ MA=1.26  0.11(Fit) 0.10 (Syst) 
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νμ QE-CC Measurement by MINOS 

☙ σ(νμ): Interpretation of the MINOS QE-data appear more consistent 
with MiniBOONE than NOMAD: 
Higher MA & suppression at Low-Q**2

☙ Plans: Finalize 1-Track analysis; include complementary 2-Track analysis 
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Status of Inclusive ν-NC Coherent-π0

⇐(Rein-Sehgal)
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ν-NC Coherent-π0 Analysis: 

✺Calibrate Backgrounds [NC-DIS π0, CC-DIS, νe] Using Control samples

✺Evaluate systematic Error: 33%

✺Open the box and release the result soon 
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=> Number of events < Nu0

Rearrange terms:
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N(nu<nu0) is prop. Phi(Enu) up to..

Low-Nu0 Idea (1989 @ FNAL)


