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Standard Oscillation Physics
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Standard Oscillation Physics

Standard 3-flavor oscillation physics 1200
2 2 I —— MINOS, MINOS+ Far Detectar Data
Governed by Ale and Am32 1DDU'_ Pradiction, Mo Oscillations
[ —— MINOS, MINOS+ Combined Fit
> 800} B E
o . 3 - T ] 2.8% «10" POT v_-mode I'-"IIN{.'J'S—_
Current generation of experiments (NOvVA, T2K) ° 1 107110 POT v,-mode MINOS ]
«w 600 J.r t ILLI'_‘: 3.36 x10% POT ¥,-mode MINOS
Tuned L/E for Am5, 5
. 5 LI:..J 4[“3: MINOS+ Preliminary
Sensitive to Op, 0,3, and sign of Ams3, o
Narrow band beam i
n'- ST B | [
S N AR AR ]
| —4— MINCS, MINOS+ Far Detector Data i
w0 : — MIMNOS, MINOS+ Combined Fit :
.E_‘ 1.5 | — 2014 MINOS Fit ]
s 1
What about new physics? | -§ : " +Lﬂ||+ ]
MINOS/MINOS+ can explore higher energy o I 1N guere——
neutrino phenomena that can affect s . ]
. = 05 10.?1:1 ?:; F"‘DJ' 1.'"-::}'? MINQS ]
v, disappeara nc2e and v, appearance g 336107 POY E'.'n_ﬁ;i unos
outside the Am3, oscillation maximum [ | oS remeEy
% 5 10 15 20 30 50

Reconstructed v, Energy (GeV)

Gregory Pawloski — University of Minnesota HQL 2016 — Results from MINOS Slide 3



What can be out there ...

Sterile neutrinos

4th mass state
el UeZ Ue3

Parameterized into angles
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Oscillation at different Am?
v, — Vg
Anomalous disappearance of CC events
Anomalous disappearance of NC events
vV, — Ve
Anomalous v, appearance (LSND like)
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What can be out there ...

Large Extra Dimensions

KK modes of right handed neutrino states allow for extra oscillations
Anomalous disappearance of CC events
Anomalous disappearance of NC events
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Depends on size of LED and mass of active neutrinos
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What can be out there ...

Nonstandard Neutrino Interactions

Some new interaction between neutrinos and matter
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Neutrinos interact with matter as travel through Earth
Anomalous matter effect
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Data Set
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Event Topologies
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Sterile Neutrino Search
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Sterile Neutrino Search

P(v, = v,) = 1 —sin2(20,) cos?(26,,) sin 2(A;,) — sin2(26,,) sin2(A,,)

Use full 4-flavor probability and NC and CC samples
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Tightest experimental limits at low Am?
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Sterile Neutrino Search

Combine with 8,, constraints from Bugey ( i disappearance )
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Exclude much of LSND allowed parameter space

Future results will use Daya Bay constraints
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Large Extra Dimensions

Take previous 3+1 sterile analysis and fit data using LED hypothesis
Assume 1 extra dimension is much larger than others
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Nonstandard Interactions

Look for indication of nonstandard neutrino interactions in v, appearance data
Data consistent with no NSI

MINOS Far Detector Data

T 2.0

[ T T T ] C T T ] "‘
[ 0.6 <o, <0.7 1 8 0.6<0,,<0.7 ] B ]
30  Mode 1 [ ¥ Mode ] C )
[72] [ 1 6r . 15 a
E 50/ 1 r i
oL ] B .
L 14F ] = .
10f 1.t LA -
i 1 2[ I--I__I - ] & L ]
r 1 -—{»— F ey - MINOS PRELIMINARY -|
0 I T T . o S s 0 L. . | R I~ 10.6x10”° POT v Mode 1
T T T T T T 0.5 N 3.3x10% POT ¥ Mode ]
L 0.7 <0y gy, <0.8 18r07< o ey<08 ] B Inverted Hierarchy 90% C.L. ]
301y Mode 1 | ¥Mode ] i eratinhvasetbtt i
(/)] L ] 6 r ] 0.0 1 L i A T S R S . .
'E F 1 L ] 0.0 0.5 1.0 1.5 2.0 2.5 3.0
) 20 B 7] F 1 leml
4+ ]
> i 1 %[ ]
(11} g 1 L i
10 12 I ] 2.0 B l
L — | ] s == L |
: L = - §
e —— ——— 15 ~
[ ] alC B i
a0k %Lem> 0.8 18 aey>08 . F i
T v Mode — Data [ ¥ Mode 5-8 GeV Blns_ ] = T e ]
8 | — Background | 6 Merged for Fit € 10| N
S 200 v, CC Signal| [ ‘ & L i
2™ e gnaly 4t 1 I = MINOS PRELIMINARY |
w @ . CC Signal{ [ B 10.6x10° POT v Mode .
10F _ 0.5 I 3.3x10% POT ¥ Mode ]
E ] 2 7] - Normal Hierarchy 90% C.L. |
F 4 = MINOS Far Detector Data —
o r L | 1 1 ] 0 1 0 O = ! ! -NS‘I Best Fit Point —
2 4 6 8 6 8 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Reconstructed Energy (GeV) Eee

Gregory Pawloski — University of Minnesota HQL 2016 — Results from MINOS Slide 13



The Near Future

MINOS+ data will be used to place further constraints on NSI
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The Near Future

MINOS+ data will be used to place further constraints on sterile v

Disappearance channels

Appearance channel
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