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MINOS Detectors

On-axis long-baseline neutrino oscillation experiments

Identical detector technology

Magnetized steel tracking sampling calorimeters

- 735 km from target
- 5.4 ktons

- 1 km from target
- 980 tons
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Far Detector Near Detector

8 m 4.8 m

3.8 m
coil

coil

104 m underground705 m underground
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MINOS MINOS+
This talk
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Higher Energies
Medium Energy neutrinos
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11 years of accelerator neutrino data
23.61 x 1020 protons on target

13 years of atmospheric neutrino data
60.75 kt-yr exposure

MINOS 
(2005-2012)

MINOS+ 
(2013-2016)

10.56 × 1020 POT 3.36 × 1020 POT 9.69 × 1020 POT

} High Statistics 
Dataset 
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Three-Flavor Oscillations
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Atmospheric Data
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• Fit in neutrino energy and  

• Complements beam neutrinos with different baselines

cos(θzen)

!νμ

!ν̄μ
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Beam and Atmospheric Constraints
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Beam Neutrinos

Atmospheric Neutrinos

Beam Best Fit 
Normal Hierarchy 

!  
!

Δm2
32 = 2.48 × 10−3 eV2

sin2 θ23 = 0.38

Atmospheric Best Fit 
Normal Hierarchy 

!  
!

Δm2
32 = 2.11 × 10−3 eV2

sin2 θ23 = 0.52

Results consistent with the combined fit with a p-value of 22% 
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Combined Fit Results
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Oscillations



T. Carroll, UW-Madison Neutrino 2020 July 2, 2020

3+1 Neutrino Model
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3 mass scales: ∆m221, ∆m232, ∆m241

6 mixing angles: θ12, θ23, θ13, θ14, θ24, θ34

3 CP-violating phases: δ13, δ14, δ24

Notes on Running Fluka for MINOS+

Tom Carroll

March 14, 2017

1 Equations
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4-Flavor Oscillations at MINOS
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MINOS+ Exclusion

Simultaneous 2 detector fit over 
long baseline

Improvement over previous FD/ND 
ratio method  

Improvement with MINOS+ extra 
statistics
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P. Adamson et al. [MINOS Collaboration], Phys. Rev. Lett. 122, 091803 (2019)

Fit  ,  ,  , and  

Fix  ,  ,  , and   to zero

(no sensitivity)

θ23 θ24 Δm2
32 Δm2

41

δ13 δ14 δ24 θ14

excluded
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Notes on Running Fluka for MINOS+

Tom Carroll

March 14, 2017

1 Equations
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νµ disappearance νe̅ disappearance
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MINOS+/Daya Bay/Bugey-3 Exclusion
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Sterile-driven   appearanceνe
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Sterile-driven   Extrapolation Checksνe
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Sterile-driven   and 3-flavorνe
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Joint   sterile searchνμ + νe

Complements the joint fit with Daya Bay

Using MINOS/MINOS+ appearance/disappearance6 7 8 9 10 11 12
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Joint   sterile searchνμ + νe

Complements the joint fit with Daya Bay
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 νe appearance + νµ disappearance search

High stats long-baseline νμ disappearance: 
     tight constraints on “3+1” ν  paradigm 
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