


J Outline

v MINOS
v NuMI Beam
v’ Results
v' Muon Neutrino Disappearance
v/ Muon Antineutrino Disappearance
v’ Electron Neutrino Appearance
v Neutral Current Analysis
v’ Conclusion



Lake
Superior

') MINOS

Soudan A

Duluth d

Lake
Michigan

" MINOS (Main Injector Neutrino

Oscillation Search)
" long baseline (735 km) Madison

oscillation experiment

* neutrinos produced using the
120 GeV proton beam at the
Fermilab Main Injector (NuMI
beam)

" Concept
= Near Detector at Fermilab to
measure the beam composition
and the energy spectrum

Fermilab

735.340 km

= Far Detector in Minnesota to e
look for and study oscillations e



" Look for v, CC disappearance
" perform precision

measurements of | Am?,, |
and sin?(20,,)

" Look for v, CC disappearance
= test CPT conservation

" measure |Am?,,| and
sin?(20,,)

" Look for v, appearance
= sensitive to 05

" Look for sterile flavour
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 ) NuMI Neutrino Beam
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= 120 GeV protons from the Main Injector impinge on a
graphite target and produce ms and Ks

= Two magnetic horns to focus the s and Ks

= Energy spectrum can be adjusted by varying the
relative position of the target and the horns.




| J Neutrino Energy Spectrum
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MINOS Preliminary: 1x10*° POT

= Optimal beam configuration
for | Am?,,| “Low Energy”
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= Beam composition in the Near
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= Significant difference in
energy spectra:
" v, peaks at 3 GeV

" v, peaks at 8 GeV 0 5 10 15 20 30 40 50
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') Detectors

= Massive
= 0.98 kt (Near Detector)

= 5.4 kt (Far Detector)

* Magnetised sampling steel &
scintillator calorimeters

=~13T

= steel 2.5 cm thick

= scintillator strips 1 cm thick x

4.1 cm wide

= As similar as possible to reduce
systematic uncertainties associated
with neutrino flux, cross sections,
and detector efficiency.
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Hadrons

long u track+ hadronic short, with typical EM short event, often diffuse
shower profile

activity at vertex



T ‘ I T I T | T T T I I T T T T ‘ T | T | |
| 1 1 -5 I
150 i J MINOS Far Detector 1 — n
O |
— = * Far detector data % =
N D ]
[ —— No oscillations S
O 100 "t - - 1H P\
g - —— Best oscillation fit -% s
12) I il 1 [ NC background § i ]
c | h 8 i |
2 50—_ . S o5l
& 50 s 0.5f +
O
= -
! m =;
i | | | | i
O : . . . . - . . . . - - - . - > O 1 1 L L [ 1 1 1
0 5 10 15 203050 ) 5

Reconstructed neutrino energy (GeV)

J v, Disappearance

=T O

.................. Best decoherence fit |

.............
"

ST YT

MINOS data
Best oscillation fit
Best decay fit

]

el
10

i
15

A N P
20 30 50

Reconstructed neutrino energy (GeV)

" Predict unoscillated spectrum at the Far Detector by extrapolating the Near

Detector spectrum using MC

= Compare with the measured spectrum to extract the oscillation parameters

= Test the hypothesis Pv, —v )=1-
u u

sin” 26
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|Am?,,|=(2.43+0.13)x103 eV?
at 68% C.L.

sin%(20,;) > 0.90
at 90% C.L.

World leading measurement of
|Am?,, |

PRL 101 131802 (2008)
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Large background (NC events and
mis-identified v, events)

Predicted events with CPT
conserving oscillations:

58.3 + 7.6 (stat.) £ 3.6 (syst.)

Predicted events with null
oscillations:

64.6 £ 8.0 (stat.) £ 3.9 (syst.)

Observed: 42
(1.9 o deficit)
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Sub-dominant neutrino oscillations

!, v, Appearance

P(v,>V,) = sin’0,; sin°26, 5 sin*(1.27Am?;, L /E)

(also CPV and matter effects: not
shown here but included in fit)

Select events w/ compact shower,
typical EM profile

Measurement dominated by NC and
v, CC backgrounds.

Two data-driven methods have been
developed to resolve the MC/data
difference
= Use ND data to constrain the
backgrounds

PRL 103 261802 (2009)
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Observe 35 events,
Expect 27 £ 5 (stat) + 2 (syst).

Results are 1.5 o high:
sin?(28,5)=0 is included at the 92%

level.

Box opened on improved analysis:
~2x larger data set

Systematics reduced from 10% to 5%

Results will be presented in April.
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/ Search for Sterile Neutrinos

Search for a deficit in NC events 3.18 x 1020 POT MINQOS Preliminary

= all active flavours participate in
NC interaction 60
= deficit is a signature of mixing

—4— Far Detector Data |

with a sterile flavour v, E ool A : =~ . 0,,=12° 5 = 3m/2

_ B v, CC Background
Assume 1 sterile flavour and % - ° 4
mixing with v, and v, at one Am? D | A | = 2.43x107 eV
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Total NuMI protons to 00:00 Monday 01 March 2010
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/ Extrapolation

Ab C Muon Monitors . POint source
_— \ =n l=als Line Source
et I ¢ Hall Decay Pipe \, l l 1 = at FD
\ arget Ha ) ) 4 . o .:;',_‘._'__'___,_'_. a.t ND
- = W o] B .. e me—=mm===== -1
Horms™" 7| NN S TSR] T L
- I S 5 I S . 30
m_iSm 210w >
3
= 25
>
o o
<10 o
| 0.3 LS 20
— [ - -
o
Q 200 2 . Far =
e | ) =
2. ] ~°- 0.2 8 15
% 100~ : S 10
c - c 01 O
r [
[ t O 5
| [ N e S
% % w

“ ‘ 10 “ 10
True E_(GeV) True E_(GeV)

0 5 10 15 20 25 30
Near Detector Neutrino Energy (GeV)

Near Detector energy spectrum extrapolated to Far Detector, using MC to provide
energy smearing and correct for detector acceptance
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" Large background:

® mis-identified v, events with wrong

track sign (8%)

= NC events faking a muon track (50%)

® Additional selection cuts:

= significance of charge sign

determination

= relative angle (does the track curve
towards or away from the magnetic coil
hole relative to its initial direction)

= likelihood based on track length and
pulse height for CC/NC separation

" Near Detector: 87% efficiency, 5%

contamination
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J, v, Selection Variables
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) Why are thev, and v spectra
so different ?
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