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Near Detector 1 km
from Source

Far Detector 735 km
from Source

Two Detectors
Mitigate Systematic
Effects

Long-Baseline
Neutrino Oscillation
Measurement
L/E ~ 500 km/GeV

NuMI Neutrino Beam
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MINOS PHYSICS GOALS

Measure Disappearance vy—vx as a
function of energy . Precision
measurements

= Am?;,and sin?(26,;)

= Test oscillations vs. alternatives

= Dedicated data sets for neutrinos

and antineutrinos

MINOS detectors designed to optimize
these.

But also (although more challenging due to
detector granularity)
* Study v,—Vv, mixing
(0,3 mass hierarchy, d¢p)
* Neutral Current interactions



MINOS DETECTORS

Steel/Scintillator Tracking Calorimeters
= As similar as possible functionally
= Alternating layers of steel (2.5 cm thick) and scintillator
= Alternating scintillator planes at 90 degrees
= Light collection by wavelength shifting fibers
= Magnetized, average B field 1.3 T
— Able to distinguish between p-and p-+

ND Measurements are Used to Predict Spectrum in FD
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MINOS DATA SETS

1 ptal NuMI Protons in MINOS Run
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EVENT TOPOLOGIES
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2 FLAVOR vy DISAPPEARANCE
AT FAR DETECTOR

Measure v, flux at Near Det, compare to that at Far Det

Simulated results for oscillations plotted as Far/Near ratio
= Position of dip gives Am?
= Depth of dip gives sin220

Spectral ratio shapes would differ in alternative models
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COMBINED ATMOSPHERIC AND
BEAM DISAPPEARANCE ANALYSIS
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COMBINED BEAM AND ATMOSPHERIC
NEUTRINO DISAPPEARANCE BEST FIT
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SYSTEMATICS & STATISTICS

MINOS V!'l CC results are still very much statistically limited .
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v, APPEARANCE ANALYSIS

* MINOS granularity makes v, /NC separation difficult

« Compare candidate events to an MC library of events - Library Event
Matching (LEM)

 Then calculate a discriminant variable based on likely events

* Analysis is background dominated; use Near Detector measurement to
predict the background in the Far Detector
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V. CONTOUR PLOTS

V. and vV, combined

At 5(;13 = (0 and A3 < 'J'T/4,
Assuming normal hierarchy:

2sin%(2613) sin®(fa3) = 0.051 70 an

0.01 < 2sin*(26;3) sin*(fa3) < 0.12 (9% C.L)

Assuming inverted hierarchy:
2 81112(2913) SiIlz(ﬁgg) = UOQSfHHE

0.03 < 2sin?(26,3) sin®(fa3) < 0.18 (@o% c.L)
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NEW RESULTS COMBINED 3-FLAVOR ANALYSIS
(DISAPPEARANCE AND APPEARANCE)

Extended from the 2-flavor disappearance analysis using MINOS beam
and atmospheric data sets.

3 free parameters with no constraints: sin20 ,;, Am?;,, & -

External constraint on sin20 ,; = 0.0242 + 0.0025 from average of
reactor experiments.

Fogli et al. global analysis, arXiv: 1205.5254, used for fixed Am?2,,=
7.54 x10° eV?2 and sin?6,, = 0.307.

Maximum likelihood surface (4D) obtained for each mass hierarchy.
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1D AND 2D PROFILES
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PROFILES AS A FUNCTION OF 0 ¢
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We look to the next experiments
for a defining plot here.




Neutral Current event rate should
not change in 3 flavor oscillation
scenario.

A deficit in the Far Detector could
be evidence of a sterile neutrino
flavor.

We see an event rate within
expectations.
 Expect 1183 + 50 (stat + syst)
 Observe 1221
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A natural follow-up to MINOS

e Uses same MINOS detectors
* Modified NuMI beam. Set up for medium energy.
e 500->700 kW beam power

e Runs concurrently with NOvA
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A strong motivation to run MINOS+ is to look for “non-standard” physics in a

previously “unexplored” region.

3000 v, CC events per year between 4-10 GeV near oscillation maximum.
« Significant increase in precision (factor of 60 in statistics in 3 years)



MINOS+ PHYSICS MOTIVATIONS

* Search for sterile neutrinos could be interesting

« (0dd dip at ~ 6 GeV seen in MINOS will be studied in more detail in MINOS+

* Oscillation spectrum ~insensitive to primary oscillation parameters in this region
* |deal to look for evidence of non-3x3 effects
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MINOS+ PHYSICS MOTIVATIONS

Large extra dimensions - half micron sized extra dimensions
could be observed !

1.0

0.8

0.2

0.0

P.A.N.Machado,H.Nunokawa,R.Zukanovich Funchal, hep-ph/1101.003v1

MINOS, L = 735 km (without matter effect)
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MINOS+ FAR DETECTOR CC EVENT
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First beam 04 September, after 17 month upgrade shutdown.
240 KW beam power on 14 September.
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SOME KEY MINOS / MINOS+ MILESTONES

Formal MINOS Experiment Proposal February 1995
Neutrino '98, Takayama June 1998

e Approval for Construction November 1998

e Beneficial Occupancy of Cavern July 2000

* First Far Detector Module Finished June 2002

e Far Detector Finished July 2003

* First Beam Commissioning December 2004

* Begin First Data Run May 2005

* End of Data Taking April 2012

* First beam for MINOS+ 04 September 2013
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THANK YOU

The MINOS / MINOS+ Collaboration
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