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MiniBooNE motivation

* LSND experiment (Los Alamos)
« Excess of vein a v, beam: Excess= 87.9 £ 22.4 £ 6 (3.80)

: . + + -
 Used stopped pion beam: n°— u'+v,, W'—=e" + v +V,
Vs signature: Cherenkov light from e with delayed » capture (2.2 MeV )

« Interpreted as 2 v oscillations: P ( v,— Vv, ) =sin’20 sin*(1.27 Am® L/E)
= (0.245+ 0.067+ 0.045)%
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Implication of the LSND signal
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In conflict with resulfs from atmospheric =L v —sv ]
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Sterile neutrinos

LEP exp's (width of Z9):
"Only 3 light active v's”

3 active + 1 sterile:

4

(mass)®

7N
T a3 Atmospheric 3
A’ gp 10-35_ Vi Vx _'
| W | 104:_ Solar MSW |
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Mini-Booster Neutfrino Experiment

target /horn decay tunnel absorber dirt detector

'L:L' . Vu—>Ve .: .: .:

Primary beam  Secondary beam Tertiary beam

\

(protons) - (mesons) (neutrinos)

L/E similar to LSND

MiniBooNE ~500 m /~500 MeV
LSND ~30m / 30 MeV

Focused beam, magnetic horn
Polarity — neutrinos or anti-neutrinos

Cherenkov Detector
800 ton mineral oil
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Mini-Booster Neutfrino Experiment

‘ target /horn

decay tunnel

absorber

dirt

detector ‘

Detector

Cherenkov Detector
800 ton mineral oil
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* 541 meters downstream of target
* 3 meter overburden

» 12.2 meter diameter sphere
(10 meter “fiducial” volume)

- Filled with 800 t of pure mineral oil (CH,)
(Fiducial volume: 450 1)

» 1280 inner phototubes,
« 240 veto phototubes
Simulated with a GEANT3 Monte Carlo
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Mini-Booster Neutfrino Experiment

target /horn decay tunnel absorber dirt detector

—
> Vu—>Ve .: .: H

K i
— Fiek
m B

Primary beam  Secondary beam Tertiary beam

v

» »

(protons) (mesons)

(neutrinos)

P(V,— V) = sin>20 sin’(1.27 Am? L/E)

Neutrino Mode: (positive horn polarity)
Search for v, — Vv, with 6.5E20 POT -» assumes CP conservation

Antineutrino Mode: (negafive horn polarity)
Search for v,— Vv, with 5.66E20 POT = direct test of LSND

A. Aguilar-Arévalo (ICN-UNAM) SILAFAE 2010, Valparaiso, Chile December 6-12, 2010



Neutrino Flux

Neutrino mode:

5.86 % (WS)

Vi 93.6 %
Vu
Vet Ve 0.57 %
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Phys.Rev. D79, 072002 (2009)

WS: wrong sign
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Anfi-neutrino mode:

v, 15.7 % (WS)
Vo 83.7 %
Vet Ve  06%
N RRARE
- s,
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v and v interactions

Cross sections modeled with NUANCE event generator (D. casper, U.C. Irvine)
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PLB 664, 41 (2008)
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PRL 103, 081801 (2009)
ArXiv:1011.3572 (2010)
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Events in MiniBooNE

Idenftification is based on event fopology.
Uses primarily Cherenkov light but also scinfillation light

_ Muon ////
Vph=Hpp 4;“‘

VpPp—>p'n

Electron

Venh—> e p
Vep—>€e'n

<\;> n—>(\;> p nt? &
H B rii,u_./\*r:,
@ n g
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Calibration Stabillity

Very stable, Example: Variation in mean energy of Michel electrons
within 1% since the beginning of run (2002).

Michel e: electron from muon decay af rest
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Experiment stability

(A.Aquilar-Arévalo)
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MB: result with neutrinos

Neutrino Exclusion Limits: 6.5E20 POT

IIIIII|I IIIIIII| | IIIIIII| I T T 1T
i

6.5E20 POT in neutrino mode 10°

No excess of events in signal region
(E>475 MeV).

Eil'|=|21:']' upper limit

m W niBoohE 90% C L
=an MnifloohE 30% C L sensitivity
w= BT analysis 90% C.L.

Rules out 2 v's oscillafions as LSND 0E E
explanation (assuming no CP - .
violation) A T
5

475 MeV (G.Karagiorg) & {E r
= signal region T - ]
% 4.5 < 9 . gData > 5 B ]
~ 1 [ v, fromp =l B 7]
-E [ v, from K" B _
D@ 35 I v, from K® — -

i B ° isid
3 0 a—Ny Tial= ] LSND 90% C.L. —
25 — S m [ELE §
o —— Const. Syst. Error = al
.. - E>475 MeV E
1 IIIIII| 1 IIIIIII| | IIIIIII| 1 | I I I I

10*
0.5 'L“ﬁqﬁ_h_v_l_‘_ 10° 10° 10 1
%ﬂ* sim(26)

02 04" 06 08 1 12 1415 3
PRL 102, 101802 (2009) ESE (GeV)
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MB: result with neutrinos

Region E<4/75 MeV shows an

excess of ve-like eventis: Anomaly Mediated Neutrino-Photon

interactions at Finite Baryon Density: J.A.

128.8 + 204 + 38.3 (3(5) Harvey, C.T. Hill, R. J. Hill, arXiv:0708.1281
Shape not consistent with 2v oscillations
V] itud istent with LSND CP-Violation 3+2 Model: Maltoni & Schwetz,
agnituae consistent wi arxiv:0705.0107; T. Goldman, G. J.
P TR Stephenson Jr., B. H. J. McKellar, Phys. Rev.
Origin: Unknown. Several possibilities —» D75 (2007 091301,
475 MeV (G. Karagiorgi) Extra Dimensions 3+1 Model: Pas, Pakvasa,
= 45 & Weiler, Phys. Rev. D72 (2005) 095017.
= e Data
E 4 % ::22 s Lorentz Violation: Katori, Kostelecky, &
3 35 B v, from K° Tayloe, Phys. Rev. D74 (2006) 105009
Il=i H ~° misid
* — CPT Violation 3+1 Model: Barger, Marfatia,
2-5;—'} B other & Whisnant, Phys. Lett. B576 (2003) 303
af + Const. Syst. Error
15 | $ New Gauge Boson with Sterile Neutrinos:
' Ann E. Nelson & Jonathan Walsh,
1 arXiv:0711.1363
05

02 04' 06 08 1 12 1415 3
PRL 102, 101802 (2009) ESE (GeV)
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MB: 1st result with antineutrinos

. Anti-Neutrino Exclusion Limits: 3. 4E20 POT

3.4E20 POT anti-neutrino mode 10°F 0% CL kit
I .. DO% CL sensitivity
Large statistical error. Cannot distinguish| BOT analysls E>500MaY 80% CL

LSND signal from a null result. o

Excess in E>475 MeV is consistent
with LSND but insignificant.

o
L E>475 MeV
04 475 MeV _ (G. Karagiorgi) % 1
— i - rE
[+ 1]
= C « Dal
= 0.35F iy fgm j:; =
g osf % rom K2
& 1 B < misid 1ol
0235 E ‘;'“.T N ; [ |LenpsoncL
o288 | || = ;1:;' Error [ [ LenD et oL
015 1 | | I
0'1 1u‘2 1 IIII| 1 1 11 Lll 1 1 1L 111 I 1 | 111l
0.05 107 10° 107 1
sin’(20)
02 o4’ 06 08 1 12 1415 3 No significant excess in E<4/5 MeV ¢
PRL 103, 111801 (2009) E;*(GeV) Inconclusive wrt. Oscillations
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v, Appearance Analysis
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Oscillation Fit method

Combined fit to ve and v,, data y .
€ CARVS
* For each bin i
— NIMIA _ AT MC VuVe v
A;=N; N; "
. } i 2 in2
Raster-scan in Am< and sin<26 fo | Correlations between E. &
calculate -2In(£) over v and v, bins bins from the Optical Model

_2 IH(L) — A M_IAT _l_ ln(‘M‘) “ i imamsmazass "‘.:.‘.:E:E::::::::“

* Error matrix M includes systematic
errors  for ve and vy,

» High statistics v, sample constrains
many of the uncertainties

Vy dafta plays the role of a near detecfor
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Expected ve-like background

5.66e20 POT

T S| T

:ﬂ:ﬂ . [ I:I\-" fromK ] 13 4 31 4
< - 3 v, from K° ] =1
i 05 @ ~° misid B K+ 82 18.6 =
E CJA—- Ny ] o
04 F N dirt ] KO 5.1 21.2 o
EI gg‘:sr,tr. Syst. Error 1 other ve 1.3 2.0 o

NCTT° 41.6 12.6
A—y 12.4 e | =
dirt 6.2 26 ©
v, CCQE 4 3 2 o =

%2 04 06 08 10 12 14 30 othervy

S CVN TOTAL m-
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ve background prediction

Intrinsic ve

/ External measurements
na —v fmmuﬂ-} o - HARP p+Be for ©t*

v, fromK"™

[ 3 v, from K’ ] E A _
05 0 7° misid B w0 £ S
= CJA—>Ny ] O e

200 _ . i | I By=dS mrad __ P S =TS mrad

Events/MeV

0.4 L N dirt ]
' [ other 1

—— Constr. Syst. Error

Be=tosmad g =135 mrad

Prridpad (mb AGeVic) far)
b4

Ag=i8Smmd I | =195 mrad

b

a : L L . ..l-’.:: i ST 1 L L
1 2 3 4 [ 1 2 3 4 L]
Bl BeWie) pelGeVic)

- Sanford-Wang fits to
world K*/K° data

02 04 06 08 10 12 14 3.0
EXF (GeV)

MiniBooNE data constraints
20
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ve background prediction

NC =n°

MiniBooNE measurement

:> : L L L L L L L |
&€ B +- ]
s 06[ v . frompu ] )
) : 3 v, from K™ y x107%
ch B - \"e frﬂm Ku ] 0.7 1 1 |_ -------------
z 05 EED ~° misid 1 T 06t 2 4 ¥ -
E C1A—>Ny 1 LI o5 S .
04 = - dlrt _ o§ gﬁ V
[ other 1 |3 0.4} z!
—— Constr. Syst. Error = 03} =0 ot ]
0.3 £ 2 0m 00 40
 0.2f - my WeVje
02 © 01 H my (MeV/c?):
' I S
0.0 0.2 0.4 0.6 0.8 1.0
o Py (Gev/c)
N e —— = Phys. Rev. D81, 013005 (2010)
02 04 06 08 1.0 1.2 1.4 3.0

EX" (GeV)
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ve background prediction

/quiqtive A decay

0.6 [ v, fromp*" b
I v, fromK"™ ]
B 3 v, from K° ]
05 2 #° misid §
E CJA—>Ny ]

Events/MeV

04 E N dirt 1
' [ other )

—— Constr. Syst. Error

- Use NC 1® measurement to
constrain A— Ny

02 04 06 08 10 12 14 3.0
EXF (GeV)

Resonant NC T
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ve background prediction

/Dirf:

0.6 [ — v, fromp*"

I v, fromK"™
N 3 v, from K° ]
0.5 - 2 #° misid §
L [ 1A— i
0.4 E B dirt k
' ™ other .
—— Constr. Syst. Error Events at high R pointing

foward center

Events/MeV

MiniBooNE measurement

02 04 06 08 10 12 14 3.0
EXF (GeV)
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background uncertainties

Neutrino (MeV) Antineutino (MeV)
Source 200-475 475-1100 200-475 475-1100

__Fluxfromm/udecay [ 04 [ 09 [ 18 | 22 |
_ FluxfromK'decay | 05 | 12 | - [ -
_Hadronicinteractions | 04 | 02 | 08 [ 03
 External interactions (dir) { 16 | 07 | 08 | 04
__ Opticalmodel | 80 | 37 | 89 [ 23

TOTAL (unconstrained) 13.5 16.0 12.3 14.2
(numbers are %)

A. Aguilar-Arévalo (ICN-UNAM) SILAFAE 2010, Valparaiso, Chile December 6-12, 2010
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WS backgrounds

- We assume only right-sign oscillates ( v, )

* Need to know fraction of wrong-sign events.

 Two constraint methods:

a) measuring angular distribution of CCQE muons
) measuring the CCr* rate (indep. of nuclear effects modelinQg)

* Result: WS BG prediction reduced by ~30%

(Joe Grange)
10° = S o
- = Events in antineutrino mode
- a,=0.65x0.23 g2
= -— I";:200-(:.;_ — Total
3 o = 1.00 + 0.22 o SlWrong Sian )
“;0 E— 1600F & Right Sign ()
'E - Qq 1400F-
Q [ 1200
> : 10005-
w -\ 800 -
10°E 600
Mctm o)
Syst. Error 2025_,,| T D e s
\\ Data 0 200 400 600 800 1000 1200 1400 1600 1800
EZF (MeV)
m N S R . .
-1 06 0.2 cose 0.4 1 Paper in preparation s
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Sensitivity (5.66x10° POT)

(G. Karagiorgi)
IIIII| 1 IIIIIII_I:

MiniBooNE uses E>475MeV for 102 F
oscillation fits °

Sensitivity

Energy region where LSND-type
signal is expected

Region E<4/5:

—— E > 200 MeV
------ E > 475 MeV

* Large backgrounds 1E
* Big systematics _

e Less sensitive to LSND
oscillation signall 107¢

1073 102 10" 1
sin’2e
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New Antineutfrino Results

27
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A. Aguilar-Arévalo (ICN-UNAM)

Events/MeV

New Antineutfrino data

Phys. Rev. Letft. 105, 181801 (2010)

Using 5.661e20 POT

(G. Karagiorqi
| ] 1 1 | ] -1

0.6 :_ « Data (stat err.) B

2t 3 v, fromp*" :

3 e & v, fromK™ -

0.5 ki 3 v, from K"’ ’

i = 7° misid ]

P C ANy :

04 E B dirt .

™ other ]

—— Constr. Syst. Error ]

0.3 ' } ' .

r :

0.2 iy -

1

0.1 ]

0.0
0.2 0.4 0.6 0.8 1.0 1.2 1415 3.0

E;" (GeV)

SILAFAE 2010, Valparaiso, Chile
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New Antineutfrino data

Data
MC 100.48 £ 14.33 99.08 £ 13.98 34.2+5.8
Excess 18.52 + 14.33 20.92 + 13.98 3.8+5.8
LSND Best Fit 7.6 22 3.5

f v low-E excess 11.6 0 ~0
LSND+Low E 19.2 22 3.5

\ Assumes v, excess should be
present for WS v, in the beam

29
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Null probability

« x? probability of null point (background only) - model indep.

* Frequentist approach

A. Aguilar-Arévalo (ICN-UNAM)

o
o
3

Excess Events/Me
© o
= N
n o

o
=y
o

0.05

0.00 [

-0.05 |

_0_10_...|...|...|...|...|..

0.2 0.4 0.6 0.8 1.0 1.2 1415 3.0

Very different from null!

SILAFAE 2010, Valparaiso, Chile

EV* (GeV)
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T LURELLEY B T TTT
—— 68% CL
— 90% CL
—— 99% CL

Fit E>470 MeV

« 5.661E20 POT I

»
ot
o
o
K

« E>475is signal region for LSND type osc.

......

-----

« Oscillations favored over background only
hypothesis at 99.4% C.L. (model dependent)

IAmAl (eV?/c?)

+ Best fif (sin’26, Am® = (09584, 0.064 &V?) 1 oo
¥*/NDF = 8/4, Prob=8.7% [

- |:| LSND 99% CL

10-2 Ll Ll | L
10° 10 10 1
. 2
S sin“(20
(G. Karagiorgi) (26)
- ——— T T ] >020F T T T — 1 T ]
g 0.40 2 e« Data (stat err.) B Qo ]
5 - — v, fromp*" 1 E #  Data - expected background |
£035 | =3 v, fromK" - %0 15 £ ]
@ FT =3 v, from K ] o —_—, e Best Fit
> =11 8 = misid B >
11| 030 X ' COaA— Ny ] (W1] e
= E dirt 1 2010 | - sin®26=0.004, Am*=1.0eV> |
0.25 ™ other - 8
| : Constr. Syst. Error ] x aAEE : sin®26=0.2, Am’=0.1eV*
0.20 | o Best Fit ] Woos E —-s ]
E T e ] | .
: | ! ] i L lasannnny l ]
015 F 1 0.00 - '__EW
0.10 ; ; +—»——'— ]
-0.05 |- N
0.05 [ ]
[ 1 1
0-00 _0-10 L L | L L L 1 L L L 1 L L L | L L L | L L L | L
0.6 0.8 1.0 1.2 14 3.0 0.6 0.8 1.0 1.2 1.4 3.0

QE \/ QE GeV
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Fit E>200 MeV

e Subtract excess produced by neutfrinos
IN anfineutfrino mode (11.6 events)

 Best fit (sin°20, Am?) = (0.0061, 4.42 eV?)

« Data seems to agree with the LSND

signal

(G. Karagiorgi)

(G. Karagiorgi)
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MiniBooNE and LSND data
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3+ 1 Global Fit to World Antineutrino Data
(with new MiniBooNE data set)

102 - —r
(3+1) | Updated from G. Karagiorgi et al.
F = . PRD80, 073001 (2009)
W e
N S 772 Y oo e | < Best 3+1Fit: Am,2=0.92 eV?
> r sin?26,,, = 0.0045
— 4L +’= 85.0/103 DOF
P — Prob. = 90%
<]

» Predicts v, & v disapp. of

107"

£ _ $in220,, ~ 37% and

- [ ]v SBL without LSND 90% CL - H ‘;

. []v SBL without LSND 99% CL sin226, ~ 4.3%
10-2 ||||||| |||||| | | |||||||

10° 10~ 10™
. 2
sin (20 ,,)

Need different 3+ 1 model for neutrino world-data 24
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3+N models and v, disappearance

In general,
P(vy—> Vo) <VaP(v,— v) P(ve— V)
Reactor Experiments: P( ve— Vv, ) < 5%
LSND/MiniBooNE: P ( v,— V¢ ) ~ 0.25%
Therefore: P( v,— vy) >20%

(Assuming the light neutrinos are mostly active and the
heavy neutfrinos are mostly sterile.)

3+N models (N>1) require large ﬂl disappearance!

A. Aguilar-Arévalo (ICN-UNAM) SILAFAE 2010, Valparaiso, Chile December 6-12, 2010



MB: v, and v, disappearance

102

am? ev?] 2

MiniBooNE v, 80% CL sensitivity
MiniBooNE v, 80% CL limit

B MiniBooNE v, 80% CL sensitivity
~__ MiniBooNE v, 80% CL limit

B 90%CL excluded, CCFR

5/'z best fit: (17.50, 0.16) with 2 of 12.72, ¥2(null) of 17.78

[190%CL excluded, CDHS
B 90%:CL excluded, CCFR

(K. Mahn)

+< |

« MiniBooNE has performed v, &
V“ disappearance searches

» Carving out new regions in
parameter space

 Improved limits from a joint
MiniBooNE/SciBooNE soon!

| </ best fit: (31.30, 0.96) with % of 5.43, x2(null) of 10.29

1045 e

Isinli{iﬁ} T

PRL 103:061802 (2009)

A. Aguilar-Arévalo (ICN-UNAM)

SILAFAE 2010, Valparaiso, Chile

Global 3+1 Fit
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Future Outlook

37
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Future sensitivity

~ 20
—_— —_ ] |
LSND v=3.85, MB v=2.7c T | o Fako data (BF) _ 5
. . o . . 18 2 Fake data (null) -;E E‘C:_
* MB v result is statistics limited: (6|7 Redoza 1 = g ]
need more data! [ e & - z
: | 14} B élo ?.; . .
* FNAL approval to keep running our [ & ¢ €
goal is 15e20 POT 12f 2 8, |
' . i @ » e ]
« At 16e20 POT significance could grow  10f w» .
to 3.46 ... or drop below ~95% C.L. ol ' e
« Combined analysis of v, and v, will of 4 " ]
increase sensitivity. f 4 ; 95%]
4 A A ]
21 1
E' POT
Current Aproved Proposed 38
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Future experiments

« More MiniBooNE v data (15x10% PQOT) MR
. MicroBooNE: (100 ton LAITPC)

« CDI1 approved
« Address low energy excess

e Few other ideas under consideration:
* Move or build a MiniBooNE like detector at 200m
(LOI arXiv:0910.2698) — BooNE

» Stopped pion source at ORNL (OscSNS, arXiv:0810.3175v 1)
or project X

« A new search for anomalous neutrino oscillations at the
CERN-PS (arxiv:0909.0355v3)

39
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Conclusions

What does MiniBooNE claim?

« No excess of vg in av, beam above 475 MeV.

=> Rules out a CP-invariant LSND signal, i.e. P (vy— ve) = P( vy = Ve )

- 36 excess of v in a v, beam below 475 MeV

=>» Does not fit well a 2v mixing hypothesis. Origin Unknown.

« Excess v¢ in a v, beam below 475 MeV

=>» Rules out some explanations of the low E excess in v mode

« Excess vq in a v, beam above 475 MeV

=> Null hypothesis in 475-1250 MeV region is only 0.5% probable
=>» 2v fit prefers LSND-like signal at 99.4%

» Future experiments (BooNE at FNAL, ICARUS at CERN,
OscSNS at ORNL) may prove that sterile neutrinos exist!

40
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Conclusions (ctd.)

* MiniIBOONE has produced numerous results on neutrino
interaction cross sections (8 papers in total)

- "Measurement of Neutrino-Induced CCr* Production Cross Sections”, arXiv:1011.3572v2

- "Measurement of v,-induced CCn° production cross sections on mineral oil at E,€0.5-2 GeV”, arXiv:1010.3624v1

- "Measurement of the neutrino NC-Elastic differential cross section”, PRD 82, 092005 (2010)

- “First Measurement of the v, CCQE double differential cross section”, PRD 81, 092005 (2010)

- *“Measurement of v, and v, induced NCx° production cross sections in mineral oil at E, O(1GeV)”, PRD 81, 013005 (2010)

- "Measurement of the v, CCr* to quasi-elastic cross section ratio in mineral oilin a 0.8 GeV v beam”, PRL 103, 081801 (2009)
- “First observation of coherent n° production in v-Nucleus interactions with E,<2GeV”, PL B664, 41 (2008)

- "Measurement of v, Quasi-Elastic Scattering on Carbbon”, PRL 100, 032301 (2008)

 Many of these done for the first fime

* Will benefit the neutrino oscillaftion program in general.
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Thank you!
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Backup
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LSND ve Background Estimates

Estimate Ve / Vu ve Bkgd LSND Excess

LSND Paper 0.086% 19.5+-3.9 87.9+-22.4+-6.0
/hemchugov Posterl  0.071% 16.1+-3.2 91.3+-22.4+-5.6
/hemchugov Poster?2  0.092% 20.9+-4.2 86.5+-22.4+-6.2
/hemchugov Seminar 0.119% 27.0+-5.4 80.4+-22.4+-7.1

All vebkg estimates assume a 20% error. Note that the ve/ vuratio determines the
ve background!

LSND Paper: A. Aguilar ef al., Phys. Rev. D 64, 112007 (2001); (uses MCNP)
Zhemchugov Poster1: FLUKA  ve/ wvu ratio presented at the ICHEP 2010 Conference, Paris

/hemchugov Poster2: GEANT4 Ve/ Vp ratio presented at the ICHEP 2010 Conference, Paris
Zhemchugov Seminar: FLUKA  ve/ vuratio presented at CERN on September 14, 2010

Although the analysis of Zhemchugov ef al. is not fully understood or endorsed,
their ve / vu ratios agree reasonably well with the published LSND results.

Notfe that LSND measures the correct rate of vyo— ptn interactions, which confirms
the ©~ production and background estimates. Note also, that FLUKA & GEANT4 are
not as reliable as MCNP at 800 MeV! 44



Reminders of some pre-
unblinding choices

Stacked backgrounds:
R
v

'EO

dirt events
B A Ny
- other

---- LSND best-fit signal

AmP=1.2 eV?
sin(26)=0.003

400 600 800 1000 1200 1400
reconstructed E  (MeV)

Why is the 300-475 MeV region unimportant?

Large backgrounds from mis-ids reduce S/B
Many systematics grow at lower energies

Most importantly, not a region of L/E where LSND
observed a significant signall

Beam Excess

17.5F LSND ® Beam Excess
15 B pM, Ve )n
: FE pe,e)n
[ (S other
10 | ‘
75|
5|
25|
£ ——
0. 0.6 0.8 1 1.2 1.4
L/%\, (meters/MeV)ﬁ
1250 475 333

Energy in MB (MeV)
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25 M Absorber

(anfi-neutrino mode)

'-.".
T a
FEELE
% ERER
- ]
L LEREE
=
15
L ERE R

Decay tunnel ~60 m dirt ~500m

Two periods running (in v mode) with 1 & 2 absorber plates

- 1 absorber plate: 0.569E20 POT
- 2 absorber plactes: 0.612E20 POT

Good data/MC agreement in high statsitics samples
(numu CCQE, NC pi0, ...)

Data included in latest (2010) analysis
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Visible Tank Energy (MeV)

Tracker system &

Cosmic Muon Ennrm'

Detector calibration
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MiniBooNE like detector at 200m

Flux, cross section and optical model
errors cancel in 200m/500m ratio
analysis

Present neutrino low energy excess is 6
sigma statistical; 3¢ when systematics
are included

Gain statistics quickly, already have
far detector data

10

107

102

6.5e20 Far + 120 Near POT

—90% C.L

3cC.L

—55 C.L

' Near/Far 4 o sensitivity
similar to single detector
90% CL

—

Sensitivity
(Neutrino mode)

103 102 10"

o1
sin“(20)
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BooNE

Better sensitivity fo v ( VM) disappearance
Look for CPT violation (v, N v # Vwé Vu)

6.5e20 Far/1e20 Near POT  1e21 Far/1e20 Near POT

v, Disappearance ' v, Disappearance X2
2 2
10 1 2 min 10 1 y2 min
1o 1o
[ 90% CL [ 90% CL
I 99% CL I 99% CL
3 3
o 1o
g .
3 Fit
N
£
< 1 1t
107 - - 107 - > »
10 10 10 1 10 10° 10° 1

sin’(26,,) sin’(26,,)




FiIt method example

Strong correlations between v, signal,

background, and v. CCQE samples Improves sensitivity Dy
" constfraining systematic

= uncertainties

~10%

(G. Karagiorgi)

—— Withv, CCQE constr

\J
;Il
| <
=
<
=
Am? (eV")

— Without v CCOE constr
Ve ] ithout v, cons
_ 10_
e =
V. from u” decay V. from u” decay
o0 unconstrained 1000 constrained

- 3.4E20 POT

S W B e 5 6 S L TR TS 10—2 wm Llull Ll l il
v (u) Before Cuts: E MC (GeV) Reweighted v _(u) Before Cuts: E MC (GeV) 3 2 :
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