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i{( - Overview

e The NUMI Project: MINOS
— Beam & Detectors
— Muon Neutrino Disappearance
— Neutral Current Events
— Electron Neutrino Appearance

e Qutlook



The PMNS Matrix [ Nakagawa-Sakata ]

e Assume that neutrinos do have mass:
— Mass eigenstates # weak interaction eigenstates

— Analogue to CKM-Matrix in quark sector!
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;K( 1 Experimental Setup

e MINOS
(Main Injector Neutrino Soud:
Oscillation Search) putecn® YO
- Along-baseline neutrino PN

oscillation experiment

— Near Detector at Fermilab to
measure the beam
composition

- Far Detector deep
underground Iin the Soudan
Underground Lab,
Minnesotq, to search for
evidence of oscillations
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Making Neutrinos ,
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Making Neutrinos (II)

Target Hall DECEiPiPE Absorber
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Muon Monitors
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Hadron Monitor

Neutrinos from the Main Injector (NuMl)
10 ps spill of 120 GeV protons every 2.2 s
300 kW typical beam power

3 X 10'3 protons per pulse

Neutrino spectrum changes
with target position
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Beam Data Analyzed ;

Additonal
Anti-RéulfRoRfatk total
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Total NuMI protons to 00:00 Monday 31 May 2010~ through,summer 2010

< " [Exposures Analyzed (protons on targef): s .
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Far Det Anti-nu beam:
~98% live! 0.15x10% POT 1.75x102 POT
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Soudan Underground Lab ;

B | FVEL NO. 275 e

234] FEET BELOW THE SURFACE
689 FEET BELOW SEA LEVEL

o formeriron mine, now a state park, home of
- Soudan-1 & 2, CDMS-II, and MINOS experiments




{( | MINOS Construction Challenge
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Near and Far Detectors are
functionally identical:

e 2.54cm thick magnetised
steel plates

» co-extruded scintillator
strips

e orthogonal orientation on /

alternate planes — U,V Clear
Fiber cables

o opfical fibre readout
to multi-anode PMTs

Multi-anode PMT
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Event Topologies

v, CC Event NC Event v, CC Event

[ong p track & hadronic short event, often diffuse short, with typical EM
activity at vertex shower profile
= Energy resolution
Ev Eshnwer + pu 9y

11t: 55%/VE(GeV)

'y 6% range, 10% curvature
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I[dentifying CC Events

g MINOS Preliminary MINOS Prefiminary
: Low Energy Beam _ 15 - Low Energy Beam |
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Particle ID
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* Quantify “blobby-ness”

Low Energy Beam

— k-nearest neighbor (kNN) PID = .

B8 nC background

—
o

— Matches real events with
similar-looking MC data

Events / 10'® PoT

1G-‘E -
Eff: 88.7%
. 0 1[]-2_. TR | PR O A or a
Pur: 98.3% 0 02 04 06 08
MINOS Preliminary CC/NC separation parameter
. MINOS Preliminary
:.% 0.8.— B Low Energy Beam
£ C fia M —+— Data :
E 0 6'_ E 10H B MC expectation —|
é i “% B NC background
> 0.4r Near Detector Fiducial Only P
5 5 2f— — CC selection efficiency 0 .
o 0.2 w
=T _L\; NC contamination
% =2 4 6 8 10 Dt
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Reconstructed y

Reconstructed neutrino energy [GeV]
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' Hadron Production Tuning =

 Hadron production of proton target has big uncertainties
— nevutrino flux unknown

e Use Fluka2005 hadron production
— modify: re-weight as f(xq.py)

* Include in fit

— Horn focusing, beam misalignments, neutrino
energy scale, cross section, NC background

horn at 185kA

low energg -
o

beam
region

P, [GeV/c]



{( | Predicting the FD Spectrum
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Decay Pipe o
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Near to Far Extrapolation 20

=3 30 0 REREHEH —_— T ———
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Near Detector Neutrigo Energy (GeV) True Meutrino Energy (GeV) : Far Detector

8 T t — 17 e« Pion/Kaon decay kinematics

g . are encapsulated in matrix

£ oef 1 * Measured ND specfrum is
aal E transported to FD
oaf 1« Largely reduce systematics
02f- 2 — hadron production
e e — Cross section

True Neutrino Energy (GeV) : Near Detector
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Spectrum
MINOS Preliminary
E 15 Y T 0 5 IO G 00 O Far Detector Data MINOS Preliminary
o | ‘ y | letmonoue | NepmmOmutee 1 Heoets et |
ﬁ l- ’k¢ * :
-E 1H_ + + -I_ I-- _; % . 1 -+ . _p dch
m 1 %_—#_ n (4] [ { rediction
o 1 & H. 0 il
o § |y mmaenE | —-Jr-“a%:zmﬁm"f L postve s | —— BoSLFL
w | |
_Q 0.5 —+— Far detector data N 4, T —— Data
®) — Best oscillation fit i | ;
— Stats. only decay fit ot + ! .
QC:U - Stats. only decoherence fit A 0 5 10 1B 0 &5 10 15 0 5 10 15
| M M | . | T | . [ |
(b 5 10 15 20 30 50 Reconstructed Neutrino Energy (GeV)

Reconstructed neutrino energy (GeV) Split up sample into five bins by

_ o energy resolution, to let the best
Expect 2451 without oscillations resolved events carry more

includes ~1 CR p, 8.1 rock u, 41 NC, ~3 v_. BG weight (plus a sixth bin of
See only 1986 in the FD. wrong-sign events)

Fit everything simultaneously...



3.5

W

IAm2| (107%eV?)
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Allowed Region

IVIINOS Prellmlnary

N

| | TS
[ 7 mem PDT fiducial F-,vents

®  MINOS best oscillation fit
— MINOS 90%
—— MINOS 68%

- MINOS 2008 90%
| | | ! [l I

— Super-K 90%
— Super-K L/E 90%

K2K 90%

0.6

07
sin°20

L g
0.8

ooy ]
0.9 1

* Fit includes
systematic penalty
terms

» Best physical fit:

|Am|?=2.35 x 103 eV?
sin?(20)=1.00

 Unconstrained:

Am[2=2.34 x 103 V2
sin2(20)=1.007

Earlier results are in:
Phys.Rev. Lett. 101:131802, 2010
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v, Results

e 97 eventsseen, 155 expected (no oscC)
* No- oscillations scenario disfavored at 6.3c

¢ S('Jﬂje S_OI’T Of _ 1.71x 10%° POT MINOS V,, running, Far Detector
osclillation fit yields: B B Lt Ll e

. .. 301~ —~+ MINOS dat 2
e dominated by stafistics -- Mo osrllafions --
— Includes additional 30% I — Best oscillation fit

uncertainty on the v, = | [] Background |
pbackground O ool o
— g} .
‘.ﬁm ‘ 336" (star) £0.06(syst) x10%eV?| € -
o | J

Ll
sin2(29)=0.86i0.l1(srar)i{}.01(s_~,wr) a 10‘_ 1 MINOS Preliminary
T ) + L _
e Plan to double anti-nu : “I'%Jﬂ__"_“ j
statistics after initial U£===-=l=====l==d“' Sl

Minerva run 0 5 10 20 30 40 50
Reco. Energy (GeV)
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\7ILl Results

Interestingly, oscillation parameters differ from
fhe v, results at a noft ferribly significant level, ~2c

MINOS Vi runnlng

e MINOS\ 90% |
.- lﬁ.MN':}S":r 68%
& Bestv F’lt

----- Gonzalez- Garcia, et. al. 90% | MC Sensitivity studies show

i 0, + 7 "
e doubling the data should better
resolve any differences:

8D
| | |

IAM?| and |AM7] (107 eV?)
=

§ L L I ensitivit 4]

o h -MINOS Preliminary QD;ET?KS1DNT.LD§ ]

i o 6fF — 35x10°° POT ]

2— : - . —5x1$”|=07

_ MINOS Preliminary : — BF = e

| 1.71x10” POT V,-mode e | I_%_ a . Maadalhas
05 06 07 08 09 1 Ea_
S o
sin“(20) and sin“(20) E |

< 05 06 07 08 09 1

Global fit from Gonzalez-Garcia & Maltoni, 5 5
Phys. Rept. 460 (2008), SK data dominates sin“(26) and sin“(26)



E’( So what are the v,

disappearing to?
e For v oscillations in this *atmospheric” sector, we like
fo blame v, oscillafing to v,
— Most v below 1 production threshold

— Few 1 that aren’t produce very messy decays which
get rejected by our analysis

e Some very well might be going to v, as well,

depending on the currently unknown 6,5 (known to
be less than 0.21 from Chooz)

e A fourth, sterile neutrino could also be the culprit
— By definition, v, interact with nothing save gravity




Selecting Neutral
Current Events

200k MINOS Prellmlnary o 120F MINQOS Preliminary -
:_ —— FD Data _ 100} -« ]
150 o — Oscillated Monte Carlo B —+ FD Data

% i % CC Backgrﬂund +m_, 80: — Oscillated Monte Carlu
() : <+ qEJ 60k ##% CC Background E
>100} — > OUL :
L - 4 H _
E 401 % =
50 3 :
g // 5 ” L 20 5 +
: / g : Fehh gyt

/%"/ s B o s
L% // D707 - % //77 Z2 /%ﬁfiﬁfi&%ﬂfﬁéﬁ

O 20 40 60 80 100 9% 5 5 10 15 20
Event length (number of planes) Track Extensmn (number of planes)

 ND data quality cuts exclude poorly reconstructed
events due to high v interaction rate

Cuts applied to both ND & FD: (disfributions similar,
lower stats @FD)

— < 47 planes;

— no track extends beyond 6 planes from the shower

* MC oscillated using MINOS best v fit



NC Analysis Results

« FD NC energy spectrum for
Data and oscillated MC
predictions

* Form ratio R, data are
consistent with no v,
disappearing to vs

 Simultaneous fitto CC and 4o
NC energy spectra yields the 55}
fraction of v, that could be

Events/GeV

[ )

N L B LRI T LI L
MINOS Preliminary

—4— Far Detector Data i

-913:0"

ceea B, =115, d=n

pisssd v, CC Background
AmZ,| = 2.35x10° eV?

LA A M b o

oscillating to v,: 0 2 4 6 ' | 1(::(:3 J}z 14 18 20
reco E
N, —-B
R= Data CcC
f— P(V,u & Vs) SNG‘ R + stat + SYSt
T 1Py, S) | 0,3=0 1.09 £0.055 + 0.053

f.<0.22 (0.40v,)@(90%C.L.) | 0=115°

1.01 £ 0.055 £ 0.058

Earlier results are in:
Phys.Rev.D81:052004, 2010




v, Appearance

* Are some of the disappearing v, re-appearing as v,?
— P(v,— Ve) = 5in20,, 5in220, 5 sin%(1.27Am2,, L/E)
e Plus CP-violating 6 and matter effects, included in fits

* Need to select events with compact shower
— MINQOS optimized for muon tracking, limited EM shower
resolutfion

e Steel thickness 2.5 cm =1.4 X,
» Strip width 4.1cm ~ Moliere radius (3.7cm)

— At CHOOZ limit, expect a ~2% effect
* Do blind analysis — establish all cuts, backgrounds, errors first
e Crosscheck in three sidebands
 Only then look af the data to see what pops out



v, Selection

* 11 variables chosen describing oo OO s st i
length, width and shower shape | | MonteCarlo Selegted '
* A Neural Net (“ANN") algorithm & 4 :E’:mm T s T
achieves: S —viee
-~ S/N 1:2, signal efficiency 42% s :
— NC rejection 94.6% =
- v,CC rejection 99.6% z
* Crosschecks using a second b

“Library Event Method” agree v %9 !

, ] ANN11 PID
Some variables:
Far nmctor MINOS PRELIMIHAR\' i Ditictie Mmos PRELIMINARY Far amcw MINOS PRELIMIHARY
,' Monie Carln Preselet:tlan ] 0 nar ;ms;igct-l.nn : I'.;nnte Carlo ] | Monta Carln Praseler:han
0.08; = il E 3]
[ — signal ] o | — signal
L F 9 1 i signal 5, 041 g 1
= .06 1 & o0s =
= L — background - = - — background = — background
[} [ - = Il
= I 8 = I - | L
0.04 - 0.04
£ 2 £ oos-
0.02 — 0.02 =
B e e L ey e PO " B il TR Y TR PO | LA Loy o
% 0.5 1 15 2 % 0.5 1 % 2 4 6

Shower fall fit parameter (parameter b) Fraction of pulse height in a narrow road Lateral shower spread RMS (strips)



l@ ¢! MC Expectations

= 3000 Near Detector MINOS PRELIMINARY e Far Detector MINOS PRELIMINARY
2 Monte Carlu | Ve 5|a|gctgd E - Monte Calrlu V Selected
- == NC -
Eﬂ i NC % : - == v, CC
T Bl v, CC } - - ~— beamv, CC
& 2ouu— e . S | s v CC
i ~—— beamv,CC - - 4 = osc.v, CC -
3 | >
© 1000 2 ol
| B hi
g | 2 |
g | O g 1
> L R - > _ |2
T 2 4 6 8 T 2 4 6 8
Reconstructed Energy (GeV) Reconstructed Energy (GeV)

e Background is mostly NC interactions
— Usually with a =°
— Also high-y CC (r again), beam v, oscillated v, showers

* Purple (on right) shows v, appearance signal aft
the Chooz limit (sin%26,5,=0.15)



MC meets RL

e Turns out that the MC is off by ~15% (for E<é GeV) when

compared to the Readl Life ND data

— Harsh cuts leave only the ill-modeled tails

— Within systematic errors for things such
as hadronic shower modeling
Need to correct using ND
data-driven approaches
— All v_-like events at ND
are %ackground, so use this

pure “noise"” dataset to predict
FD background

— Compare horn on vs.
horn off spectra

— Also look at “muon removed”
CC events
Use backaround measured
in ND to characterize
FD backgrounds

Events/10'° POT/GeV

Data/MC
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L= =]
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(=]
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T T T T T T T | [

- . 1
~ Stat. Errors ANN11>0.7

—+4-Data
— MC

'MINOS PRELIMINARY

T

| | R S S TSN "

=

S . 8
Reconstructed Energy (GeV)
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Extrapolatmn and Errors -

 Very different spectra allow

FD background prediction: de-convolution of ND BG

49.1 +7(stat) =2.7(sys) _ 2nd method using -
removed CC events
ﬁﬂﬂr'ea-r D.itm:‘.mr. . FEHII'TF:S !'-‘REILIMIeINA:RT . Ggre es
3 “wmonne | Different BG components
e ] —=rorec extrapolate differently to FD
& | - - Understanding BG
= I composition important
T 200 - 73%NC, 13% CC,
s | 10% beam v, 4% v,
Ty - Signal/Noise 1:2
% ' 1'?5 ' o \;] 20 @ CHOOLZ limit (24 v_)
nergy (e
- Near Delect?r | IHDS PRELIMIN&RY - Neuaﬂr F}etelntor o HINOS PRELIMI ‘I: Near Detector MINOS PRELIMINARY
@ SnaMC @ orn U I
2 b N il o el
(o) e E ﬁ-l}[‘,i_— o Hl: = Eﬂ-ﬂﬂﬂ igwm m:
% vJ, cC Ec '»'u cC ;} ] v" cc
-— beamv, CC — 400 beamv, CC = beamv, CC
f”““ f - - fzuuu
> S & 1 S
. 2 4 6 8 . 2 4 6 8 = 2 4 6 8

Reconstructed Energy (GeV) Reconstructed Energy (GeV) Reconstructed Energy (GeV)
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Systematic Errors

* Evaluate systematic uncertainties in the Far
Detector predictions

— Still dominated by statistics

ANN MINOS PRELIMINARY

| 1 []

Statistics

ND Decomposition
Calibration

Far/Near Normalization
Hadronization Model
v, CC component

sssmnmn I:..'I.':I I_‘i -'H: tI l"l:‘:l n I::.‘:I .

SFTTTTTTTTTTTTT
L5 1F I N 1 T I N Y N A

Intranuclear Model
Beam Model
Crosstalk
Cross Section '
Total —
| L 1 1 1
U] -10 -5 0 5 10 1

Uncertainty (%)



v, Appearance Results

« FD background prediction:
— 49.1 = 7(stat) =2.7(sys)

« Observed:
— 54 (0.70 excess)

MINOS PRELIMINARY MINOS PRELIMINARY
T ' ' ' : ! ' ' : T o 7 = T &= 7 ¢ 1 5. 9 % a4 & 0
- = - ANN
I O 30~ —— i
Selected a =~ MINOS FD Data -
40 = Fb [ === Best Fit Signal
" - " —~ N S5 NC i
= g 20 s v, CC =
o i + :u;; i S Beam v, CC i
W a9l : 1 & 5% v. CC
| | —®— MINOS FD Data | : a
Background Prediction 1 5 ]
i ] @ :
= 05 —— 8

ANN Selection Variable Reconstructed Energy (GeV)
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v, Appearance Results

* No significant excess
seen, find allowed upper
limits using F-C approach Feldman-Cousins Contours for ANN

— For both Normal and 2'05 """"" 1 F 0°POT

Inverted mass hierarchies ; 5§_ — 0% CLAME50
— Normal hierarchy Ok e

(6CP=0): E; 1 .UE— 25in®6,,=1 for CHOOZ 1

e §iN2(26,5) <0.12 (90% C.L) & F ;

— Inverted hierarchy 056 3
(6CP=0): : MINOS :

e 5in2(20,,) < 0.29 (90% C.L) 000 ......... WA W Dcviowiniol.
: 0.1 0.2 0.3 0.4

2sin°26,,sin’o,,

e More sensitive analysis

ready for summer A paper about this:

arXiv:1006.0996 [hep-ex]



MINOS+ o

e Precision Neutrino Physicsee?
— Noft yet.
— Compare Z-lineshape to oscillation spectrum

| NuMI-NOvA beam, 3 years in MINOS =
MINOS, L = 735 km (without matter effect)
I,{_FI |'|I| |1|1'||||!II|II'| LIS BLE |'|||'|I 1r|r[|r|: Til [|-|1J||r-|r||r| LA g
ek ] :E 1
j‘ 4]
(1.8 H o]
E 0.8
I ] ( B
~y 061 =1
P ] 0.8
= i Standard [ Normal ) 1
& 04 Stundard (Tnverted) =
— R=5xI0'm (MNormal) | 0.4
== R=35xl0 :m (Invered) -
021 . i _ =
3 b=10 sin'f) =0.319 Am" IET_%”“FEVL | 0.z2m *
sm:ﬂ}“:] 5ll|:2U| L=0.07 ﬁlnzﬂm:lri‘:l'x 107eV" :
ﬂ.“ - - 1 . . % L L L | L L I L
| 2 i 4 5 B 7 8 g 10 11 12 13 14 15 5 10 15

Neutrino Energy (GeV)



K(C Summary

* MINOS had a very successful running over the past
years

* Precision measurement of neutrino-oscillation
parameters
— Neutrinos
— Anti-neutrinos
e Limits on oscillation into
— Electron neutrinos
— Sterile neutrinos
e Further anti-neutrino running
— Almost doubled statistics
— Hope for more before summer

e And ...
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Near Detector

e 282 planes, 980 fons total
- Same 1" steel,1 cm plastic scinfillator planar construction, B-field
— 3.8x4.5 m, some planes partially instrumented, some fully, some steel only
- 16.6 mlong total

e Light extracted from scint. strips by wavelength shifting optical fiber
— One strip ended read out with Hamamatsu Mé4 PMTs, fast QIE electronics
— No multiplexing upstream, 4x multiplexed in spectrometer region

Most planes are Partial, with 1 in 5 Full Full planes only, 1 in 5 instrumented, bare steel between

Veto Target Hadron Shower Muon Spectrometer
planes 61 :120 planes 121 :281
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. o [ AUTL
_ T gl 2
P(v, = v, )=1-sin?26sin ( J
v, spectrum Spectrum ratio
vi o 1-4h .
E S .
300/ 8 1.2
= Unoscillated A TS ————————
E E 'y H++
200 Oscillatéd L ++H
3 0sft o
L. O o
100 E 0.4:— + ++
2 TETTETTTE 0 2 4 6 8 10
Visible energy (GeV) Visible energy (GeV)

Use charge current events to measure
neutrino energy spectrum

MINOS Oscillation Measurement .
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Systematic Errors

Systematic shifts in the fitted parameters are computed using MC
“fake data” samples

Shift in Am? Shift in

Preliminary Uncertainty

(102 eV?) sin220
Absolute shower energy scale +10% 0.049 0.001
Relative shower energy scale £1.9%(ND) 1.1%(FD) 0.008 0.004
Near/Far normalization £1.6% 0.030 0.001
NC contamination +20% 0.008 0.008
u momentum (range 2% curvature 3%) 0.038 0.001
o, (E, < 10 GeV) £12% 0.007 0.004
Beam flux 0.009 0.000
Anti-nu wrong sign +30% 0.003 0.002
Total systematic (summed in quadrature) 0.071 0.010
Statistical spread (data) +0.13 -0.12 0.06
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Systematic Errors

Far Detector MC MINOS PRELIMINARY

0.10- -
' B Fiducial events |
- 7.2x10° POT
2 0.05— —
™ : : —— Overall hadronic energy
(-] - | ——— Track energy
~ = —| = NC background
: 0.00 N | —— Relative normalisation
—_ — _| =—— Relative hadronic energy
NE I~ | = Cross sections
_ B R - Charge mis-ID
S..— 0.05 - | ——— Beam
o) L _
= -1 B | i L L L | I L L L | i L i L | L L L L l |
010502 001 0 001 002
2
S(Sln (29)) Am? sin220
Total systematic +0.071 + 0.010

Statistical (data) +0.13/-0.12 + 0.06




Alternative v,
Disappearance Models

_MINGS Preliminary

| II Hﬂ+ { _

i

i
o

—4— Far detector data
Best oscillation fit
Stats. only decay fit

Ratio to no oscillations

Stats. only decoherence fit
| R = VB R R e

;

Y570 15 20 30

50

Decay:

P = (gin2 0+ cos” Oexp(—aL/ E))-

H

V. Barger et al., PRL82:2640(1999)
v2/ndof = 2165.81/2298
Ay?=46.3
disfavored at 6.8c

Decoherence:

G.L. Fogli et al., PRD67:093006 (2003)

Reconstructed neutrino energy (GeV)  x*/ndof = 2197.59/2298

Ay?=78.1
disfavored at 8.8c
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v, Analysis

* Same analysis done as v, disappearance

— At low energies where oscillations occur (<6 GeV),
curvature is obvious: antinu sample is 93.5% efficient and
98% pure (BGis 51% NC, 49% v )

— Lower anti-hadron production and anti-nu interaction cross
sections make for much lower statistics, about 2.5x less
events per-pot

T T T T T T 1 T T T T [ T T

P , T
e Same great MC, dafa 2o ¢ MINOS Preliminary
a g reem enT ;-38. 15 N : hDﬂEgaExpectatinn 3

. . o I =

(albeit with lower % F el baegmind.

@ -~ i Near Detector .
STOTISTICS) S 10 8.65x 10'° PoT i

o I Antineutrino Running ]

og 5 10 T

Reconstructed V Energy (GeV)
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NC Spectrum
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14 — m imi = . . ]
- r&\w% MINOS Preliminary : / e e e o e s e g
120 —4- Near Detector Data Run | 817 e
> ety ] Peak of CC background
8 10 ~ Monte Carlo Expectation ] =
= - = 2.6 il il
-E a8 - " vV, CcC BECRQI’GUﬂd = i : e """"'""“"'-"7'-'-""-"-'-'--‘--‘-'-::.'.'...'---.--.f..* ]
S B ' E B
W 65 - : ,
5 o ] oy NC selection
~ 4F - i Near detector MC Efficiency
- . 1.2 — — — Far detector MC Efficiency |
2= = [ emeses. Near detector MC Purity ’
0 AR e e oo o DS SO i s g AT Far detector MC Purity -
0 8 1 18 20 0 10 20 30 40
Ereco (GeV) Ereco (GeV)
ND NC Data 89% Efficient, 61% Pure

* NC events can be used to search for sterile
neutrino component in FD
— via disappearance of NC events at FD

— If oscillation is confined to active neutrinos instead, NC
spectrum will be unchanged

2011/04/18



NC Analysis Results
4-flavor fit

4 V.
« Assume one sterile neutrino and additional = Ay
Am2. Consider two mass scales: %
Q
s m4 o e - m3 and m4 e m1 il v.t_[
» Active < sterile mixing determined by 06, At
and 0, (if m,>>m,) \ e—
« Simultaneous fit to CC and NC energy EV. BV, V. @V
spectra: A
 Best fit value of 0° found for both 6,
and 6,,
g
@ w_l
Am?,
V:_l
VIO
Vil

mvV. RY.

BY. BV
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" Did any NC go missing?

£

« Compare the NC energy spectrum with the expectation
of standard 3-flavor oscillation physics
* Pick the oscillation parameter values
— 5iN220,; = 1, Am?;, = 2.35x103 eV?
- AmZ,, =7.59x10° eV ©,,=0.61 from KomLAND+SNO

- O3 =0 or0.21 (normal MH, 6=311/2) from Chooz Limit

* (n.b. - CC v, are classified as NC by this analysis, so more @4
causes more background)

* Make comparisons in ferms of the R statistic:

. Predicted CC
- R—>Tlifno Ve background
. from all flavors
* For different energy ranges /
- 0-3GeV N. —B
= YD 00
~ 3-120 GeV R= a’g
— Allevents (0-120 GeV) NC
Predicted NC

R is fraction of all NC events interaction signal
which go missing
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0,, (deg)

4-flavor fit

NC Analysis Results
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MINOS
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Preliminary

e Limits placed on
‘ oscillation parameters
: for these models:

MINQOS Preliminary

T | | " 90%CL |
] ED'F— -
| T | . S sof .
35 40 45 50 55 o &
E 923 (deg) -:Dﬁ a0l —8,,=0 -
1 [ —0,,=11.5"
— 90% CL, 6,,=0 _ EESE e
] o—:80%:CL, 913=1 1.5° 305' | @ a:j=1j.5°
3 . 20 40 60
] » Best fit, 913—0 0,, (deg)
] Model 913 XZKDOF 9‘23 924 93,4
me—m | O | 130.7/123 45,0012 - 0.0 1350
11.5° | 128.8/123 | 45.6°1%9 -~ 0,07 252
me>my | 00| 1307/122 4500772 | gigathB | .0 goF1e8
11.5° | 128.8/122 | 45.:8°7 % | 0.0°%5% | 0.go+25:2
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KQ v, Appearance Backgrounds

 Use Near Detector data-driven methods to estimate
v, appearance backgrounds

— At Near Detector, all v, events are background not v,
appearance

— Apply NN-based v, selection to the ND data, get an all-
background sample

— Find what fraction of those background events are NC
showers, mis-ID'd CC events, or real v, from the beam
« Use these background estimates to correct Far
Detector MC backgrounds for unknowns in hadronic
shower modeling etc.

« Two independent methods agree



