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Motivation

® Three different neutrino
oscillation signals

M. Sorel

e Three independent Am?

® Problem: ,
We only need two! Atmospheric
vV, =V
1 X
® Explanation requires
physics well beyond the Solar MSW

standard model V. =Vx

® |[s it true?

M.O.Wascko PASCOS07 6 July, 2007 2



Imperial College
L.ondaon 100 years of living
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® (Clean experimental
signature

® Beam Excess

P, —V .€)n

® Stopped pion
neutrino source

hep-ex/0104049

)
0
S

L]
S
g
O

o

® Delayed coincidence
detection signal

® excess:87.9+224+6.0

® Interpretedas2v
oscillation

i 4 06 08 1 12 14
e P(vyp—ve) = 0.26% L/E, (meters/MeV)
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" Verifying LSND )

P(VH — Ve) — SiIl2 201> sm2(127Am%ZE)

PRD 64, 112007

® Verification requires
same (L/E) and high

KARMEN? (90% CL) statistics

® Different systematics

Bugey (90% CL)

LSND (99% CL) ® MiniBooNE chose higher
LSND (90% CL)
L and E

M.O.Wascko PASCOS07 6 July, 2007 4
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- Verifying LSND L

P(VH — Ve) — SiIl2 201> 81n2(127Am%2E)

sin®(20) upper limit ®
— MiniBooME 90% C.L. sensitivity
---- BDT analysis 30% C.L. sensitivity
o
o
I LSND 90% C.L. ® Strategy: search for ve

| LSND 99% C.L. >
- excess in v, beam

MiniBooNE Sensitivity

M.O.Wascko PASCOS’07

6 July, 2007
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MiniBooNE Collaboration

A. A. Aguilar-Arevalo®, A. O. Bazarko!?, S. J. Brice”, B. C. Brown”, L. Bugel®, J. Cao!l, L. Coney?,

J. M. Conrad®, D. C. Cox®, A. Curioni!®, Z. Djurcic®, D. A. Finley”, B. T. Flemmcrls R. Ford’, F. G. Garcia’,
G.T. Garvew,g, J. A. Green®?, C. Green™® ., T. L. Hart%, E. H'mkerl‘"', R. Iml'q,w. R. A. Johnsons, P. Kasper”,
T. Katori®, T. Kobilarcik”, I. Kourbanis”, S. Koutsoliotas?, E. M. Laird!?, J. M. Link!¢, Y. Liu!'!, Y. Liu!,
W. C. Louis®, K. B. M. Mahn®, W. Marsh?, P. S. Martin?, G. .\IcGregor W. Metcalf!®, P. D. Meyers'?, F. Mills”,
G. B. Mills?, J. Monroe®, C. D. Moore”, R. H. Nelson?, P. NienaberlS, S. Ouedraogom. R. B. Patterson!?,

D. Perevalov!, C. C. Polhs E. Prebys’, 1. L. Raaf®, H. Ray®, B. P. Roe!!, A. D. Russell”, V. Sandberg®,

R. Schirato®, D. Schmitz®, M. H. Shaevitz®, F. C. Shoemaker!2, D. Smithé, M. Sorel®, P. Spentzouris?,

I. Stancu!, R. J. Stefanski”, M. Sung!®, H. A. Tanaka!?, R. Tayloe®, M. Tzanov¢, M. O. Wascko!?,

R. Van de Water?, D. H. White?, M. J. Wilking?, H. J. Yang!!, G. P. Zeller®, E. D. Zimmerman*

! University of Alabama, Tusceloosa, AL 35487
*Bucknell University, Lewisburg, PA 17837
3 University of Cincinnati, Cincinnati, OH 45221
£ University of Colorado, Boulder, CO 80309
®Columbia University, New York, NY 10027
t‘:E'*.rn.bf‘g,r Riddle Aervonautical University, Prescott, AZ 86301
‘Fermi National Accelerator Laboratory, Batavia, IL 60510
8Indiana University, Bloomington, IN 47405
9Los Alamos National Laboratory,
Los Alamos, NM 87545
mLouznzana State University, Baton Rouge, LA 70803
(mvcrqrzy of Michigan, Ann Arbor, MI 48109
12 Prineston University, Princeton, NJ 08544
138aint Mary’s University of Minnesota, Winona, MN 55987
14 Virginia Polytechnic Institute & State University,
Blackasburg, VA 24061
: : - B estern Illinois University, Macomb, IL 61455
Fermilab Visual Media Services e ¥Yale University, New Haven, CT 06520

Our task: Dead reckon the background estimates and
uncertainties with just one detector.
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Magnetic Decay /
i g : yvher 450 m
@ focusing horn region G dirt
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Target & Horn

Ma-aneﬂc

450 m
ocusing horm

dirt
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Meson Production

n" Production Cross Section from HARP Py.,,,=8.9GeV () EXte rn al meson

P S production data

e HARP data (CERN)

R B P « PR
e

8,+=105 mrad

® Parametrisation of cross-
sections

=
7]
=>
@
a
=
[3]
o
E
S
o2
o
R
o]
o
o

8.+=195 mrad

Sanford-WVang for pions

Feynman scaling for

L.,
P P i e, S S P

2 3 4 5
P+ (GeVic) P (GeVic)

MiniBooNE Overview

Booster

X ' HEE
MR by e e ML e ST

Maghetic Decay 450 m
ocusing horn region Absorber o Detector

M.O.Wascko PASCOS07 6 July, 2007 9
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v Flux

® 99.5% pure muon flavour
® 0.5% intrinsic ve

e (Constrain Ve content with
Vv, measurements

Maghetic
focusing horn

M.O.Wascko

Neutrinos/POT/50MeV at MiniBooNE Tank

PASCOS07

v, from m & u decay

v, from K decay

v, from n & wu decay

v, from K decay

450 m
dirt

6 July, 2007
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““Detector

® & 0 0 00BN
e & @ 0 0 0 0000
® & 00000
2 9 & 0 0 000000
2 ® ® 9 0000
e & & & 5 880000

Maghetic Decay
focusing horn region

Absorber 450 m
dirt

M.O.Wascko PASCOS07 6 July, 2007
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eutrino Interactions
Y - a-
G.P. Zeller w.e ,e
~ 1.2 : CC/NC
b : quasi-elastic
2 W scattering (QE)
n . 0 0
nE 1L /\p 42% / 16%
G VU VU
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© I i
- 08 ' 70
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b b i . Egugih \p
O, 06 - 17 1
| 8 i3
i
'
'3 0.4 -
i‘- 0.2 —
o

2

10 10
E, (GeV)

MiniBooNE is here
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Track Reconstruction

Charged particles produce Cherenkov
and scintillation light in oil

(‘Gi‘cﬁrz u
“"/« 6 s rm

A

WA "
a > P -

PMTs collect photons, record t,Q

Reconstruct tracks by fitting time and
angular distributions

Find position, direction, energy

M.O.Wascko PASCOS07 6 July, 2007 13
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Particle |ldentification

Reconstruct under 3 possible hypotheses: U-like, e-like, T1%-like

Monte Carlo

Reconstruction produces
likelihoods for the three hypotheses

LI L L

Bv,.CCQE
v.CCQE

-0.2

|| || | | |||||||||||||||I|
0.3500 400 600 800 1000 1200 1400

fitted E (MeV)

Monte Carlo

BV, NC °
v

Ve particle ID cuts on likelihood ratios WV, CCQE

cuts chosen to maximise sensitivity to Vy — Ve

|\II|II.I | | | [ | I | I |I

oscillation ~200 400 600 800 1000 1200 1400
fitted E (MeV)

M.O.Wascko PASCOS07 6 July,2007 | §
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— Monte Carlo Simulation
® Data

2000

s/5 MeV/c?

& 4 1 L 2 4 [ L 1 2 4= o 4 B i
IIIIIIIIIIIIlIIIIlIIII|IIIIIIIII|IIIIIIIII
| Wiy

® (Closed box blind analysisE 1500

i
® Tested recon and PID 1000

algorithms on sidebands
500

IIII|IIJIIIIII.|IIIIIIIII

Events/0.01

20000 1B00 1600 1400 1200 1000 B00 600 400 2
ll'l'lIIIIII'lIIIIIIIIIIIIIIrIIIIIIrIIIIIIIr.

oF

- . A IR
..l1i- -.'- . _ . -
llilFLJlll-.-!. . -

0 50 100 150 200

250 300 350 400 450 500
Reconstructed Mass (MeV/c?)
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 Signal & Background

ve(U decay)
ve(K decay)

475-1250 MeV

132
%4

Radiative A
NCr?
Dirt
Other

Total

Signal

20
62
17
33

358

163

M.O.Wascko

Predicted Ve energy distribution

Stacked backgrounds:

600 800 1000 1200 1400
reconstructed E, (MeV)

PASCOS'07 6 July, 2007 |7
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=

Uncertainties

source uncertainty (%)
Flux from m*/p* decay 6.2
Flux from K* decay 3.3
Flux from K° decay | .5 Note:
“total” is not
Target and beam models 2.8 the quadrature

sum-- errors

V-cross section

2.

are further
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60

Opened box!

* MiniBooNE data

- expected background
--- BG + best-fit oscillation
— v, background

v, background

750 1000 1250
reconstructed E, (MeV)

1500 3000

PASCOS07

Counting Experiment
(475-1250 MeV)

Expect 358
+ | 9(stat) = 35(sys)

Observe 380

Significance 0.55 ©

6 July, 2007
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Exclusion Curve

MiniBooNE First Result

e No evidence for v,—Ve i sin’(20) upper limit
o — MiniBooNE 90% C.L
2v SRS e only " . BDT analysis 90% C.L.

oscillations

® |ndependent second
analysis finds similar
result

] LsND 90% C.L.
|| LSND99% C.L.

® |ncompatible with LSND
at 98% CL

103 102

M.O.Wascko PASCOS07 6 July,2007 20
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iEv oscillation .
+ analysis threshold * MiniBooNE data
: -+ expected background
® |owering the energy L .. BG + best-fit oscillation

— v, background

threshold reveals v. excess
v, background

events / MeV

® Currently under
investigation | 52 5

600 900 1200 1500 3000
reconstructed E, (MeV)

e data - expected background
---+ best-it to full range
— sin?(28)=0.004, Am°=1.0 eV?

T SmEe=02 AnT=01 eV ® Excess not consistent with

LSND signal

excess events / MeV

ao0 1200 1500 3000
reconstructed E, (MeV)
M.O.Wascko PASCOS'07 6 July,2007 2|
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What Does It Mean?

e With the blind analysis, we have asked the question:

Do vus oscillate directly to Ves with
Am? ~ |eV?, ala LSND?
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. What's Next?

* MiniBooNE will publish several more papers soon:

e Neutrino cross section measurements
o CCQE paper accepted by PRL (arXiv:0706.0926 [hep-ex] )
* Joint analysis of MiniBooNE, LSND and KARMEN data

® More exotic oscillation analyses

e '-. S
AT '(-Pt I
"' ..-'"' Y

e

~ombining the two independent analyses into one, etc.
sk et sl bk sl bt i i e S s s e L
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100 . SciBooNE
SciBooNE - ¢

® New experiment at Fermilab
® Near Detector in BNB

® We can precisely measure the
intrinsic Ve content of BNB

® Check MiniBooNFE’s , |
background estimate ~ il des 1

-

|

Spokespeople:
T. Nakaya, Kyoto University
M.O. Wascko, Imperial College

K2K Fine-Grained Detector (Side View)

-

09 Spill 47926 TRGID 1
J0ETE 200310 8 82917 0
MNvtx O

Ve event in SciBar detector
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SciBar/EC Detectors

® Now taking data
(as | speak!)

M.O.Wascko PASCOS07 6 July, 2007 25
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Summary

MiniBooNE First Result

® MiniBooNE observes no

evidence for v,—ve 2v 3 sin’(20) upper limit
. 2 e — MiniBooNE 80% C.L
oscillations S -~ BDT analysis 90% G.L.

® |ncompatible with LSND
v,—>Ve oscillation signal
at 98% CL

® | ow energy excess under
|| LSND99% C.L.

® SciBooNE data coming ' 107
soon

Phys.Rev.Lett. 98,231801 (2007)
arXiv:0704.1500 [hep-ex]
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