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PREVIEW
WHIRLWIND TOUR OF WHERE WE ARE

— Introduction to Neutrinos, Oscillations and what
the experiments tell us

PROPERTIES OF NEUTRINO OSCILILATIONS
— Results from MINOS are world’s best
FUTURE PLANS FOR MINOS

— Another year of running anti-neutrinos

SUMMARY
— Lots still to do, picture still missing pieces
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THE STANDARD MODEL

@ QUARKS, LEPTONS AND
GAUGE BOSONS MAKE UP
THE ELEMENTARY
PARTICLES

@ THREE GENERATIONS OF
LEPTONS WITH AQ=1

@ THREE GENERATIONS OF
QUARKS WITH AQ=1

@ THREE INTERACTIONS,
WEAK, EM AND STRONG |

@ NEUTRINOS ARE THE Three Generations o fMatter
ONLY NEUTRAL FERMION

Elementary
Particles

Force Carriers




NEUTRINO PROPERTIES

Fermion Strong | EM | Weak
L.H. Quarks X X X
R.H. Quarks X X

L.H. Charged leptons X

R.H. Charged leptons X

L.H. Neutrinos

- were thought to be exactly massless : SM
reproduced the parity violation by making them so.
A3 NOT ANY MORE!
i° € Spin = %, but left handed only. NOT ANY MORE!

@ It is the mass term which would allow a RH neutrino
to exist (coupling to the Higgs in today’s parlance)

v, @ This if the neutrinos were DIRAC particles like the
other quarks and leptons
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NEUTRINO MASS

e IF NEUTRINOS ARE NOT MASSLESS, THEN THEY CAN
OSCILLATE BETWEEN THE THREE MASS STATES

Jenny Thomas 2010
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NEUTRINO SECTOR STATUS
Solar&Reactor Atmospheric Reactor/LBL Double Beta
(Velcof s, 00€C0 0 ¢, 0Cs®¥)(1 o Sa (Vo)
P o tusiny B Sspiss ol |V,

T | -S;3€ i5C13 0 Vi
\V: K S;39€ T CCS3 TCLSE TCS,S3 GGy ) \V3
Normal hierarchy Inverted hierarchy 3 light neutrino flavours: e, 11, T
, T (m3)? (m,)? IAmzn_ Am221 . (7_0 - 9_1) x 10-5 eV2
2 n _—
e v . TAN26,, :0.34 - 0.62
Am2,,  :(2.35+011 ) x 10-3 eV?
am2,, sin20,, :>0.91 (@90% C.L.)
-, Am?s1 SIN260,, < 0.045
o0: unknown
Voo o (m,)? - .
I Am2,, Hierarchy : unknown
(M, )2 (m,)2 ¥ —

A
! Mjightest < 2.2 eV

Dirac or Majorana: unknown

1 1
2 1 2
+ Mjigntest 1 MZlightest




IN A SNAPSHOT:
WHAT ITS LIKE TO BE A MUON NEUTRINO

viv2v3
Fropshity Ozcillation probabilities for an initial muon neutrino
il
At

A\ﬂb u bujh i

AT P R AN TV,

T uuuuuuuuuuuuuuuuuuuu L/E (km/GeV)
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THE MINOS EXPERIMENT

e GIVEN THE CONFUSING NATURE OF THE NEUTRINO
— choose a place where you have a big probability of seeing a n_,
become one of its chums

— L/E ~ 500 GeV is maximum probability of n_, disappearance
without too much interference from n, (!!!)

— use a very very massive detector because the neutrino cross
section is very very small

« THEN YOU CAN...

— measure atmospheric oscillation parameters with precision
(neutrinos and anti-neutrinos)

— search for sub-dominant oscillation of vu->ve
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THE MINOS EXPERIMENT

Y e B T @ Long baseline neutrino
¢ oscillation experiment

RN @ Neutrinos from NuMl

@ L/E ~500 km/GeV

@ Atmospheric neutrino L/E

@ Two detectors mitigate
systematic effects

@beam flux mis-modeling

@neutrino interaction
uncertainties

@Magnetic field measures
charge

Jenny Thomas 2010 10



DETECTOR TECHNOLOGY

@ Tracking sampling calorimeters
@ steel absorber 2.54 cm thick (1.4 X,)

@ scintillator strips 4.1 cm wide (1.1
Moliere radii)

@ 1 GeV muons penetrate 28 layers

@ Magnetized
@ muon energy from range/curvature
@ distinguish u*from -

@ Functionally equivalent
@ same segmentation

@ same materials
@ same mean B field (1.3 T)

11



MAKING A NEUTRINO BEAM

Absorber Muon Monitors
Target . \ —
\ Target Hall Decay Pipe
120 GeV o —
protons )

>
From

Main Injector

675 m

Hadron Monitor Dm 18m  210m
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MAKING A NEUTRINO BEAM

Absorber Muon Monitors

Target

Target Hall
120 GeV
protons e - e

> —

lorcaw “gga .
Decay Pipe

From
Main Injector

e HADRON PRODUCTION

— bombard graphite target with 120 GeV p*from Main
Injector
e 2 interaction lengths
e 310 kW typical power
— produce hadrons, mostly 1T and K
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MAKING A NEUTRINO BEAM

Absorber Muon Monitors

Target

120 GeV\
protons

Decay Pipe
Target Hall y 1P

>
From

Main Injector

e FOCUSING
— hadrons focused by 2 magnetic focusing horns
— sign selected hadrons

e forward current, (+) for standard neutrino beam runs
e reverse current, (—) for anti-neutrino beam

Jenny Thomas 2010 14




MAKING A NEUTRINO BEAM

Absorber Muon Monitors
Target D . \' N | B | e
ecay Pipe | B | B
Target Hall y p ' ﬂ+ = __:f “ \\fﬁ \\ ,";-\QQ \*. ! \; Y
120 GeV . i — M e
protons _ ’

>
From

Main Injector

| R D 5
o= = ¥
L ety N
\ v
Wi’ i Sy A & A
4 N x
" i O
2l AT\
SN\
o\ ) N A 3
3 a5 N S
u - ——
\ P = B o |
’ ‘\’\ ety
Y, \ \
/ NN X
/ ¥
// &) B )
/) N b . R
7’ o} 2}
ok Vo

Hadron Monitor

e DECAY
— 2 m diameter decay pipe, 660m length

— result: wide band beam, peak determined by
target/horn separation

— secondary beam monitaored

Jenny Thomas
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BEAM PERFORMANCE
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Protons per week (x10 18)

BEAM PERFORMANCE
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NEUTRINO EVENTS IN MINOS

Transverse position

| T T 1 | T T ¥ I’| 1T 1 1 | T

Simulated Event

ECC v, Event )
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Depth (m)

* vV, CHARGED CURRENT EVENTS:

— long [ track, with hadronic activity at vertex Hadrons
— neutrino energy from sum of muon energy (range or
curvature) and shower energy
Jenny ThomasZ010 20



Tranaverse Position {m)

EVENTS IN MINOS

Simulated Events
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e NEUTRAL CURRENT EVENTS:

— short, diffuse shower event

— shower energy from calorimetric response

Jenny Thomas 2010
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i

Transverse Position {m]

EVENTS IN MINOS

Simulated Events

0.2

0.2

Transverse position

oo

e V., CHARGED CURRENT EVENTS:

— compact shower event with an EM core

— neutrino energy from calorimetric response «

Jenny Thomas 2010
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NEAR TO FAR

Far spectrum without oscillations is similar, but n ot
Identical to the Near spectrum!

p L —— N - ---
M

E
E,~043—=
2
1+ %6,
e NEUTRINO ENERGY DEPENDS ON ANGLE WRT ORIGINAL
PION DIRECTION AND PARENT ENERGY

— higher energy pions decay further along decay pipe

— angular distributions different between Near and Far

Jenny Thomas 2010
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CC EVENTS IN THE NEAR DETECTOR

—
— r r r T 7 r r T 1 r Tt _r Tt 1T T —
8 - MINOS Preliminary —*— Low energy beam ]
© 25 Near Detector —e— High energy beam (x0.5)
- : Fluka08 MC ]
2 20 Tuned MC ]
> 151 =
= 10 -
= 5 E
e | :
B e .
L % 5 10 15 20

0 Majority of data from
low energy beam

o High energy beam
Improves statistics in
energy range above
oscillation dip

0 Additional exposure in
other configurations for
commissioning and
systematics studies

Reconstructed Neutrino Energy (GeV)

P. Vahle, Neutrino 2010
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NEUTRINO SPECTRUM

» Use flexibility of beam line to constrain hadron
production, reduce uncertainties due to neutrino flux
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J EXTRAPOLATION
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energy smearing and correct for detector acceptance
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Vv, DISAPPEARANCE

Look for V , disappearance as a function of neutrino energy
Use ND to predict unoscillated spectrum at Far Detector

Compare with measured spectrum to extract oscillation
parameters

P(v, - v,)=1-sin® 26sin*(1.267Am’L / E)

1.4,

vV, spectrum

spectrum ratio
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Oscillated

Oscillated/unoscillated

( Input parameters: sin?220=i.0p:Am? = 3.35x1073 eV2)



v , DISAPPEARANCE

Long baseline v, disappearance experiment
Predict unoscillated CC spectrum at Far Detector
Compare with measured spectrum to extract oscillation

parameters o " )
P(v, - v,)=1-39n" 2sin"(1.267/Am"L/ E)

vV, spectrum

spectrum ratio

Unoscillated
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_ N OB
| T T

Oscillated/unoscillated
@
9 >
=N
v
N/
“e—
——
el
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05/ R
100 04 4| +
0.2 |+
DAY Monte Carlo C . Monte Carlo
O 27TETTE TR o 2 4 6 8 10
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( Input parameters: sin?220=i.0p:Am? = 3.35x1073 eV2)



v , DISAPPEARANCE

Long baseline v, disappearance experiment
Predict unoscillated CC spectrum at Far Detector
Compare with measured spectrum to extract oscillation

parameters _ _
Pv, -v,) :1—S|n2293|n2(1.267@m2L/E)

2 1.4
S Vu Spectrum E - spectrum ratio
>300- _ ® 1.20
L Unoscillated = I
g 1:+ """"""""""""""""""""""""""""""" '
S T
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( Input parameters: sin?220=i.0p:Am? = 3.35x1073 eV2)



ANALYSIS IMPROVEMENTS

Since PRL 101:131802, 2008

— 3.4x10%° — 7.2x10%° POT

e Analysis improvements

— updated reconstruction and
simulation

efficiency
no charge sign cut

Improved shower energy
resolution

separate fits in bins of
energy resolution

smaller systematic
uncertainties

2.8¢
2.7¢

>

© 2.6F
™
new selection with increased © o 5t

N

S

<o 3p

22085

MINOS Preliminary

T 2.4f

I T T 1 T | 1 T T T ]
MINOS 7.2x10?° POT sensitivity _
90% confidence IeveE

Input parameters
2008-like analysis
+ New shower energy estimator

+ Resolution binning

09 095 1

sSin°20



v, DISAPPEARANCE RESULT

MINGOS Preliminary

MINOS Far Detector :
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3200'_ |:| NC background —
C B —
g | _
100f i%q;i*i

0

b 2 4 6 8 10
Reconstructed neutrino energy (GeV)
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flavour mixing

MINQOS Preliminary
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Events / 4 GeV

42

ANTINEUTRINO RESULTS

events observed

No oscillations
© 64.6 £8.0g, * 3.9,

conserving
© 58.3#7.64,*3.6q

Deficitis 1.90

Consistent with the v, parameters at

90% c.l.

15}

[ LN LAY RRAR AR R
MlNOS Prehmmary —&— Far Detector Data :
— No Oscillations
——=- CPT Conserving
Systematic Error
— Background (CPT) |

-1

Low Energy Beam |
Far Detector |

T e

e 3.2x10°° POT A

5 10 15 20 30 40 50

Reconstructed v, Energy (GeV)

Global fit from Gonzalez-Garcia & Maltoni,
Phys. Rept. 460 (2008), SK data dominates

400
2007

100
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- 99.7%
[ — 90% v, i
[ o 90% Global Fit }

| -+ 99.7% Global F|t"‘.\
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V) WHY ARE THE v, AND v, SPECTRA
~ SO DIFFERENT ?

Target Focusing Horns

Decay Pipe

120 GeV p*
<
15m 30m 675 m
1 I 1 — 45000
MINOS Preliminary
. 40000
0.8 target at +10cm|°™  Forward Horn 0.8! target at +10cm

= ' = . I 35000
= horn at 185kA || —40000 Current S horn at 185kA | 1000
o 0.6 Tt — vy 20000 0] 0.6 T -V 25000
a” e & | 20000
04 20000@ 04 o0
0.2 10000 ) 0.2 10000
i m 5000

0O 20 40 60 80 100 120 00 20 40 60 80 100 120

P, [GeV/c]

P, [GeV/c]
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v, DISAPPEARANCE

200 | | | | | | | | I I I I I | | |
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o
o v— 1 O -
@~ 1.5x10%° PoT ~— |
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|E " --- Global Fitv
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§ 2 D w
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MAKING AN ANTI-NEUTRINO BEAM

45F . v, Spectrum _§
4of- Neutrino mode  ; spectrum
-3 Horns focus ", K* 3
2 : =
= 30F E
> 25 E
L 20 Vp: 91.7% _i
15F vV, 7.0% =
10F V.V, : 1.3% =
5;— —
B 5 10 15 20 25
Ee (GeV)
Target Focusing Horns A
N\, —F — om
——) - = : . R LA
120 GeV p’s — ., S ‘-/;
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\
< P> <> <
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MAKING AN ANTI-NEUTRINO BEAM

s M .. .. . v Spectrum 456 Antionetitring Made V. Spectrum
40E- Neutrino mode Vi Spectrum = 40 Anti-neutrino MOde_ V: Spectrum
o F 2 @ %F enhancing the 7 flux
= 305— E — 30 M
$ 250 | ) 3 2 | .
15F- v, 7.0% = 15 Vv, 58.1%
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5;— —; 5
% 5 10 15 20 25 30 % 5 90 15 20 25 30
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ND ANTI-NEUTRINO DATA

e FOCUS AND SELECT
POSITIVE MUONS
—purity 94.3% after
charge sign cut
—purity 98% < 6GeV

e DATA/MC AGREEMENT
COMPARABLE TO
NEUTRINO RUNNING

—different average
kinematic distributions

—more forward muons

L] I I 1 ] ] | I ] ] 1 | L) ¥ 1 L] I
D MINOS Preliminary ~
8 [ -+ Data
© - = MC Expectation
o 15[ Il Total Background
% |
ZF Near Detector :
5 10k 8.65x 10'° PoT _
= Antineutrino Running i
s I
g of -

| P ettt 2 e
5 10 15 20
Reconstructed v Energy (GeV)
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FD Events/GeV

20

30/

FAR DETECTOR DATA

1. 71 x 10 POT MINOS ¥ runnmg Far Detector

e

—+ MINOS data

— No oscillations
[ ] Background

i <l><l><l> MINOS Preliminary

p—
[ ]

Fhy

10 20 30 40 50

Reco. Energy (GeV)
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@ No oscillation
Prediction: 155

@ Observe: 97

@ No oscillations
disfavored at 6.30
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FD Events/GeV
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COMPARISONS TO NEUTRINOS

-

05 06 07 08 09
sin’(20) and sin“(26)

< 5% probability of
same parameters Jenny Thomas 2010
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c\j> | ! ! | | | ! ! | | | ! | ! | ! ! | ! | ! !
> — MINOS v, 90% — MINOS v, 90%
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More neutrino
running expected
at the end of this
year

Contour includes
effects of dominant
systematic
uncertainties

O normalization
o NC background
o shower energy

O track energy
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FUTURE SENSITIVITY

* Predicted sensitivity

I I I ‘ I I I ‘ I I I
—— 7.2x10” POT v, Mode

—— 1.0x10” POT ¥, Mode
—— 2.0x10%° POT ¥, Mode |
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------- 5.0x10% POT ¥, Mode |
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MINOS: SEARCHING FOR 0,3

MISSING ELEMENT IN THE PNMS NEUTRINO MIXING MATRIX
* THE PROBABILITY OF v; APPEARANCE IN A v, BEAM:

P(v, — v.) =~ sin®(260;3)5in’(023)[sin*(1.27 Am32,L/E)]
F+  O(sin(613) sin(dcp))

e SEARCHING FOR v; EVENTS IN MINOS, WE CAN ACCESS
 PROBABILITY DEPENDS NOT ONLY ON 6,; BUT ALSO ON &cp

— A non-zero 0,; would open the door to a CP violation measurement in
the neutrino sector which could reveal the origin of the matter/anti-
matter asymmetry of the universe.
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SELECTING ve EVENTS WITH ANN

EVENT CHARACTERIZATION IN LENGTH, WIDTH AND SHOWER SHAPE

=
Far Detector MC MINOS PRELIMINARY
- 7 variables chosen describing - Preselecton [
length, width and shower shape. - — Signal
. ANN algorithm achieves: % 01" — Background
- signal efficiency 41% 8 _
- NC rejection >92.3% £ 005 T )
- CC rejection >99.4% o LLHH ‘
- signal/background 1:4 i
0 05 1

ANN
Am?32=0.0024 eV2, sin2823=1.0
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Ve APPEARANCE IN MINOS
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Near Detector

MINOS PRELIMINARY
1 1 L] | L T 1

Standard MC ]
ANN > 0.7

NC -

Vu CC -

beamv, CC

T T T T T

2 4 6 8
Reconstructed Energy (GeV)

When selecting v, event candidates in the Near Detector we will have a mix of
components that do not extrapolate in the same way to the Far Detector.

We need to separate the main background components

events, in the Near

Then extrapolate the background to the Far Detector

Detector.

NC, v, CC and beam v, CC

by extrapolating the

components, oscillating the v, CC component and calculating the v, CC.
Then look for the v, excess arising from v, to v, oscillations in the Far Detector.
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ESTIMATING THE BACKGROUND USING

HORN ON AND HORN OFF DATA

« When beam horns are
turned off, the parent pions
do not get focused, resulting
In the disappearance of the
low energy peak in the
neutrino energy spectrum.

 Consequence is a spectrum
dominated by NC arising
from the long tail in true
neutrino energy that gets
measured in our region of
interest in visible energy.

[ -

Near Detector MC MINOS PRELIMINARY

ﬁ

Reconstructed in Fiducial _:

— Horn-0On MC
= Horn-0Off MC

| pee—— —

I
10

20 30
Neutrino Energy (GeV)

40



ESTIMATING THE BACKGROUND USING HORN ON
AND HORN OFF DATA

« After applying the v, selection cuts to the ND data, the composition of the
selected events is thus very different with the NuMI horns on or off.

Near Detecto MINOS PRELIMINARY Near Detecto MINOS PRELIMINARY
> 800_ T | T T T T T | T T T 1 > T | T T T T T ‘ T T T
& I Horn Off MC ] & i Standard MC 1
= I ANN > 0.7 i ~ 2000. ANN > 0.7 i
oy N ] = B T |
o 600, NC ] (@) . e L] NC ]
& v CC i & v CC |
S 00 - e beamv,CC | e I beamv,CC |
< b ] “1000- | s
wn w S
= 200 = .
o o 1
w w T e
8
Reconstructed Energy (GeV) Reconstructed Energy (GeV)

R o] o N 1 U

that component with better precision than in the horn on beam.

on

Nnc + Nee + N (1) from MC:
off — rNC* N NC + I’CC* NCC+re* Ne (2) r'NC(CC,e):NNC(CC,e)Off/NNC(CC,E)



ESTIMATING THE BACKGROUND USING
HORN ON AND HORN OFF DATA

 Horn off/on ratios for v, CC and NC selected events match well
between data and MC

« Similar ratios are used to solve the horn on/off equations

MC ERROR STATISTICAL PLUS SYSTEMATIC.
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MINOS 90% C.L. FOR sin?2013

e Plot shows 90% limits in Ocp
VS. Sin%2013

— shown at the MINOS best fit
value for AmZ23, and
sin2202s.

— for both mass hierarchies

— With 7e20 and new
analysis, Chooz limit would
have been seen with >30

t al., arXivi0806.2649, 0905

Feldman-Cousins Contours for ANN

2-0:I T T :.:"I LI L I IIIIIIIIIIIIIIII I IIIIIIIII :
S 7x10%° POT -
- — 90% C.L.AmZ,>0 3
1.5F ——— 90% C.L.Am3,<0 =
; Best Fit Am3,>0 ;
E S U | Best Fit Am2,<0 =
a 1.0F == CHOOZ 90% limit 3
Ze) - 2sin’0,,=1 for CHOOZ 3
0.5F E
: MINOS :
- ; PRELIMINARY ]
Y - I A T A ' 3
0.0 0.1 0.2 0.3 0.4

2sin"'-2|313$in2923

sin?(26,,) < 0.12 (0.20) at 90%C.L.

Jenny Thomas 2010



10* Events/GeV

NEUTRAL CURRENT NEAR EVENT
RATES

NOS Preliminary

o Neutral Current event rate
should not change in
standard 3 flavor oscillations

MI
—+— Near Detector Data

Monte Carlo Expectation o A deficit in the Far event rate

could indicate mixing to
sterile neutrinos

¢ v, CC events would be
Included in NC sample,
results depend on the

\\“\\1 2 N NTICNG i 2N A A - = e
00 24 6 8 10 12 14 16 18 o0 Possibility of v, appearance

EI‘E‘GD (GEV)

v, CC Background




NEUTRAL CURRENTS IN THE FAR
DETECTOR

—

e

o
(T[T rT]

MINOS Preliminary
—4— Far Detector Data

8,,=0°

;;;;; 0,,=11.5° §=m

v, CC Background
|Am2,| = 2.35x10™ eV/?

_+_ sin”20,, = 1

@ Expect: 757 events
@ Observe; 802 events
@ No deficit of NC events

N, — BG

S
1.09 + 0.06 (sat.) + 0.05 (syst.)

\\ \\\\\%\\\N\\m\m NN = e (no Ve appearance)

R=

19 12 141618 20 1 01 +0.06 (stat.) + 0.05 (syst)

Ereco (GeV)
(with v, appearance)
PV -V
f=—"+""% <0.22(0.40)a 90%C.L.
1- Puﬂ 1y no (with) v, appearance



LAST BUT NOT LEAST

@MINOS has the biggest collection of neutrino data in the world
@ND is the first neutrino experiment not to be statistics limited!!

@In the ND, cross sections have been measured
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MOST PRECISE DATA IN THE WORLD ACROSS A LARGE ENERGY REGION



CONCLUSION

@ MINOS has made a step change in our understanding of neutrino
oscillation parameters and cross sections using accelerator generated
neutrinos

@ Some Interesting measurements still to be made in the neutrino
oscillation field

@ MINOS:
@ anti-neutrinos, double data set by summer 2011

@ 0,; improvement in analysis should give us 20% improvement including
extra 1.2e20 POT coming soon!!

@ Nova and T2K: 6.,
@ OPERA : more tau events

@ The new understanding of neutrino oscillations puts a search for
fundamental neutrino type into the forefront, and into a window of
experimental opportunity



LETS NOT BE ARROGANT ABOUT WHAT WE EXPECT TO SEE:
NO REASON FOR STANDARD HIERARCHY, OR DIRAC NEUTRINOS
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MINOS 90% CL IN SIN=20,;3

FITTING THE OSCILLATION HYPOTHESIS TO OUR DATA

e PLOT SHOWS 90% LIMITS IN
Ocr VS. SIN220,3 .
ANN11 Sensitivity (Hypothetical 90% C.L. Limit)

— shown at the MINOS best fit 2.0pr R AAAAAARRS T AMAAAAA AAARAAAAN :

value for Am?3; and sin?20:s. : 7)(12020 POT :

] 5:_ sin 2923 =1.0 E

— for both mass hierarchies e Am3| = 2.43x10° eV 3

— With 7e20 and new analysis, E 1_05_ —Am§z>0 _

Chooz limit would be seen ok A0 -

. r — CHOOZ 90% limit .

with >3 0 : .

0.5F ~

[Fogli et al., arXiv:0806.2649, 0905.3549] - I MINOS PRELIMINARY ;
s mmao 0.0y 1™ 0 0 0 05 0

s | Solr& KamLANG sin’20,,
p———— ALL v oscilation data 2008




DEDICATED v, RUNNING

) 1 o rr et
-‘2 Near Detector | BY REVERSING THE CURRENT IN THE NUMI
3 0.8 ;i Simulated - FOCUSING HORNS MINOS CAN RUN
L Low Energy Beam | o o e .
o [ — v Reverse 1 WITH A DEDICATED ANTINEUTRINO
s 0.6 3 7 . —
75 04 ¢+ e v, Forward — Obtain a greatly enhanced v/, sample around
© Ll v, Forward ] the oscillation maximum
i 0'235" ...... MINOS Preliminary 1
w4 5 10 15 20 25 30 DATA-TAKING WILL BEGIN IN SEPTEMBER

T ‘7.2><1020 PdT v, Mode
—— 1.0x10%° POT ¥, Mode |
—— 2.0x10%° POT ¥, Mode |
8 I N 4.0x10°° POT ¥, Mode |
------- 5.0x10%° POT ¥, Mode |

True Energy (GeV) 2009 10—

Will allow us to make the first ever precision c\’|>\
measurement of the atmospheric-regime )
™
@)
A

v, oscillation parameters 90% v, Sensitivity
: 41
After one year of running e | :
» Can make a 50 observation of <5 —
antfineutrino oscillations L MINOS Preliminary |
Low Energy Beam-

b 02 04 06 08 1
sin*(20)
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