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LSND Result

@ LSND Result:

@ _
% 17.5 ® Beam Excess
5 t
E 15} BED pO,~Von
3 ' T p,.en
@ 125 - EEEE ot
@ If interpreted in terms of oscillations: 10k
(P(v,~v,))=(0.264+0.067+0.045)% ol
* L/E distribution of the excess agrees well 25|
with oscillation hypothesis: / 0f T
* Backgrounds in red, green N T R Y
* Fit to oscillation signal in blue L/E, (meters/MeV)

MiniBooNE goal: confirm or refute the LSND evidence in a definitive and
independent way, with

* Different systematics
* Higher statistics
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Beam

Target and Horn

Booster (o) | 2
Beamline

Decay Region 450 m Dirt MiniBooNE Detector

Secondary
Primary Beam Beam Neutrino Beam
(protons) (mesons)

Primary Beam: 8 GeV protons from Booster, 8-10°° duty factor

Secondary Beam: mesons are produced from protons striking Be target,
focused by horn, and monitored by “Little Muon Counters” (LMC)

Neutrino Beam: neutrinos from meson decay in 50m pipe, pass through
450m of dirt (and oscillate?) to reach MiniBooNE detector

weekly E20 Integrated E20
0.125 7

0.1 5.6

4.2

2.8

1.4

0

TAUFP2005 M. Sorel (Valencia U.) 3



Detector
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Number of accumulated
neutrino interactions: 6.5-10°

Inner Region

Outer
Region

@ 12 m in diameter sphere filled with
800 t of undoped mineral oil

@ Light tight inner region with 1280,
20 cm diam., PMTs (10% coverage)

@ 240 PMTs in veto region (>99.9%
veto efficiency)

@ Neutrino interactions in oil produce:
* Prompt, ring-distributed, Cerenkov light
* Delayed, isotropic, scintillation light

@ Light transmission affected by:
fluorescence, scattering, absorption

x10 2
weekly Integrated
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Reconstruction and PID

@ Measure photoelectrons from optical
photons reaching the PMT surface:

* Total charge
* Spatial distribution
* Time distribution

@ Event Reconstruction:

* Correlated electrons from muon decays
* Neutrino interaction vertex

* Direction, spatial extent, and energy of
Cerenkov tracks

* Separate amounts of Cerenkov and
scintillation light

* For CCQE, full event kinematics:
neutrino energy, Q°, etc.

@ Particle ID: distinguish e/u/n’
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Calibration Samples

Laser calibration sample: prompt, isotropic light source

@ PMT hit reconstruction: PMT time/charge resolution, pre/afterpulsing
@ Oil optical properties: absorption, surface reflections, scattering

Muon calibration sample: cosmic rays through
tracker, and stopping in scintillation cubes

@ Muons of known direction, decay vertex,
pathlength, deposited energy up to 700 MeV

uuuuuuuuuuuu

Electron calibration sample: Michel electrons from muon decays at rest
@ Known energy spectrum between 0 and 52.3 MeV
@ Energy reconstruction accuracy at 52.3 MeV: 14% = fix energy scale
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Muon-to-Electron Neutrino
Oscillation Analysis
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Will now give a flavour of ongoing MC tuning / algorithms optimization process,
necessary for oscillation results
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Neutrino Flux

@ Tool is GEANTA4 description of the beamline, simulating:

* Primary protons, geometry, materials and horn B-field
* |Interactions, focusing, decays of baryons, mesons, muons

30 300 300

8, =42 mrad 8 =95 mrad 9,~153 mrad

@ Pion/kaon production data on beryllium 3
is the most important external physics & e
input to the simulation 8

200

IIII|IIII
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2
E o
o 4] 2 4 ] 0 2 4 B 4] 2 4 B
g 300: 8 =212 mirad 30:': 8 =272 mrad 300: 8 =33 L mrad
CERN HARP pion production data to be used o M0 200 2001
soon! See A. Guglielmi's talk, this session ookl E mi ool
E _] . Vu Flux IQlill 2 4 ] OO 2 4 6 OO 2 4 6
— 10 B v, Flux P, (GeVic)
E
LL:L i N . "
¢ @ Overall muon neutrino flux normalization, and
E electron neutrino flux component from muon decay,
210 tuned on MiniBooNE CCQE neutrino data

@ Electron neutrino flux component from kaon decay
: will be tuned on MiniBooNE LMC monitoring data
Major background and high-energy CCQE neutrino data

Bfor v,—v, search
0 0.5 1 1.5 2 23 3

E, (GeV)
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Neutrino Interactions

@ Tool is NUANCE cross-section generator, simulating all § S © oD - ass s

v Fif mum. RES 12's = 10639+ 248

relevant elastic, resonant, and coherent neutrino processes, e cone'- o
including detailed treatment of Carbon nuclear effects: '

4 Y0/~ Fitted RES 1 fraction =0.506 £ 0.012
_' of. Fitted COH n° fraction = 0.058 + 0.008
h 'r +  Fitted BKGD fraction =0.437£0.009

vun—m'p

m_, (GeV/c?)

% T T T TR T IRARANRRARS RN T
$lo00f- i
P [ MC signal + background fit
Coherent 1x, resonant S - - MC background it
multl'TC, DIS, etc. % 800 B @ Data (statistical errors only) ]
T
i

v,N-' Nz

@ External constraints used in the simulation: T vt e = ]

* Free nucleon cross-sections from neutrino data m, (GeVIc)
* Nuclear model from electron data _
* Final state interactions from pion/proton scattering data

g
T

Eve |:|_ts!0.04
T

® Major background for oscillation search: b T M S it o
. . . . o - B MC signal: resonant fit

NCPiO events where PiO is misidentified as electron lof. 8 D misicaewors orty)

@ Resonant and coherent NCPiO cross-sections will be tuned|

on the MiniBooNE NCPiO data sample

-1 08 06 04 02 -0 02 04 06 08 1
cos b,
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@ Tool is GEANT3 description of the detector and G zz00f T T I
calibration devices, with detailed simulation of: gzt ——  Monte Carlo simulation

* Optical model: light production and transmission E B » D
mechanisms in MiniBooNE mineral oil

Detector Response

* PMT charge/time response

* Tabletop measurements constraining critical - E

optical model parameters:

* Time-resolved fluorescence
* Rayleigh/Raman scattering

* Light attenuation .vs. wavelength

1wt

PRELIMINARY
[ 400 cm pathlength

erenkov cone

& 1800 -

1 |\I\‘\II\‘\II‘II\|I\ ‘J‘A.\II‘\\Il\\\

[1] = T | I I - I 1]
0 50 100 150 200 250 300 350 400 450 500
Charge (p.e.)

@ Overall tuning accomplished with
MiniBooNE calibration data:

* Total PMT charge distribution, for Michel
electrons from muon decays at rest

* Angular distribution of detected light, for

| =" cosmic ray muons of known direction
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Reconstruction andeID

® Various algorithms (MLL, ANN, BDT) used to W |

optimize reconstruction/PID, to achieve good: = se b e g s
* Reconstruction accuracy 7 (&) (&)
* Robustness oal a- a7es0080.2
* Efficiency of PID separation + PR

@ Reconstruction accuracy example: /'0.2

~10% resolution on neutrino energy reconstruction,

redicted for muon neutrino CCQE interactions, 01
or algorithm chosen for oscillation analysis :
 u—like e—like O 02 04 06 05 1 12 1416 18
ggggggg PRELIMINARY By (GeV)
30000 %
25000 %
20000 %
15000 %
10000 %
5000 ‘%m_,_ N

| | | AN outp \ @ Efficiency of PID separation example:
@ 5000 [

PRELIMINARY muon / low-energy electron identification,
measured with cosmic ray muons and
associated decay electrons, for two PID
algorithms under study

)
[}
<
<
IR

2 4 6 8 10
BDT output
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Oscillation Sensitivity

For 10*' protons on target, including systematic error estimates, and neutrino energy fit

Am? {eV %)

MiniBooNE 1.0E21 pot |

(90 % CL, 3o and 5 ¢} |

sin®2d

If LSND is wrong, 4 o
sensitivity to entire LSND
90% CL allowed region

TAURP2005

v, from p* decay

v, from K, decay

v, from K* decay

v, from v —v,

Other misidentified

Yy interactions

am? (ev )
B @ -l DO

r rrrrorp

T T T T

MiniBooNE 1.0E21
(1c and 20 Contours) |

sin®2d
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Conclusions

Basic ingredients for MiniBooNE muon-to-electron neutrino oscillation
analysis are already in place:

@ A fully calibrated detector

@ Over 0.6 million neutrino interactions detected

@ Well-tested Monte Carlo and reconstruction tools

@ Understanding of key analysis issues

The devil is in the details. Ongoing efforts on:

* Fine-tuning of MC and reconstruction/PID tools, for best possible
performance and accurate predictions

» Evaluating and reducing systematic uncertainties

» Devising consistency checks and increase analysis robustness

Schedule:
@ The MiniBooNE electron neutrino appearance analysis is a blind analysis
@ Oscillation results will be published shortly after the box will be opened

@ Current estimate is not before the end of 2005
@ First oscillation results should address LSND signal in a defnitive way
@ Similar timescales for neutrino cross-section results (NCPiO, CCPi+)
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