Results
OONE







-
.
.
.
.

Experiment

-

Beaa s
Beaa s

-
-
B

quu 2
Ala g 17.5F e Beam Excess
acce Lé 15k P78
3 f P &N
. Ne o125y otrer
muon dec: 10F
« Search fo 751
5|
251
0f

04 06 038 1 1.2 14
L/E, (meters/MeV)




illation Signal

LSN F B T T T TTTTI TTTI [ I ' TTTTII T IIIIIII_
L - i
£ L -
"c 10 & E
<] - ! ]

- KARMEN?2 (907 CL) ’
e E
- ugey (80% CL)J
L LSND (99% CL) ]
- LSND (90% CL) .
—1
10 = E
10_2 | IIIIIII| | IIIIIII| | IIIIIII| | |
1074 107> T 107" 1

sin“24



O M
er E
a7 =
& = -
- g m\_, =
a g =N
Z > >
—

Vy © Ve

ns — Pre MiniBooNE

vy, V7
V, & 7

——

%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%
%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%

%ﬁ%ﬁ”””%m

Am? > 0.1eV?

Am? ~ 92 x 10 3eV?
Amia 10 1eV?

C
~—
i
-
D
=

* 3 neutrino



MiniBooN

: . 7 N
- 2
... =

ent — E898 at Fermilab

. — Ve appearance

e — E=0.5 — 1 GeV; L=500m



MiniIBooNE Collaboration

AL AL Aguilar-Arevalo, A. O. Bazarko, S. J. Brice, B. C. Brown,
L. Bugel, J. Cao, L. Coney, J. M. Conrad, D. C. Cox, A. Curioni,
Z. Djurcie, D. A, Finley, B. T. Fleming, R. Ford, F. G. Garcia,

G. T. Garvey, J. A. Green, C. Green, T. L. Hart, E. Hawker,

R. Imlay, R. A. Johnson, P. Kasper, T. Katori, T. Kobilarcik,

I. Kourbanis, S. Koutsoliotas, J. M. Link, Y. Liu, Y. Liu,

W. C. Louis, K. B. M. Mahn, W. Marsh, P. S. Martin, G. McGregor,
W. Metealf, P. D. Meyers, F. Mills, G. B. Mills, J. Monroe,

C. D. Moore, R. H. Nelson, P. Nienaber, S. Ouedraogo,

R. B. Patterson, D. Perevalov, C. C. Polly, E. Prebys, J. L. Raaf,
H. Ray, B. P. Roe, A. D. Russell, V. Sandberg, R. Schirato,

D. Schmitz, M. H. Shaevitz, F. C. Shoemaker, D. Smith, 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




B r and Magnetic Horn

-1 et T R T T
e & >
"\._“.\“.

-

dtoa 1.7\ Be target




The MiniIBooNE Detector

© e 0000000000 h “ " Of pure minfer&l Qﬂ (CHz)

(F|dUC|aI volume 450 t)
1280 mner phototubes .
240 veto phototubes o




_

A 1€
*en
* Stc

220

Sub 200
Mul Nile | C 180

window for 16y
140

120

100
Tankyg,

Hits 60
40

20

O vowee B ooy | el wondin b g sl sogenbion vl g Low g o Doy
0 2000 4000 6000 8000 1000012000140001600018000

Hit Time (ns)

EJOO 4350 4600 46500 4700 47500 4800

_IIIIIII|III|III|III|III|III|IIIIIII|III|III||‘




-

%%%%%%%%%% .

‘In MiniIBooNE Detector

-

%%%%%%%%%%%%%%% 2

t — fuzzy ring
e scattering
ooks like elect




Oscillation Analysis




Neutrino Flux Prediction
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K* Production Data and Fit (Scaled to Py, = 8.89 GeV)

O Aleshin 9.5 GV
® Allaby 19.2 GeV
# Dekkers 20.9 GeV * Eichten 24.0 GeV
* Marmer 12.3 GeV

¢ Voronsov 10,1 GeV
O Abbott 14.6 GeV




Limit from LMC
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Decay Channel

Constraint on the K* flux normalization:

e MC simulates p and K decays. s F :I: _bam
* No hadronic interaction backgrounds R mf_ - 1 _
simulated. E - —F q-—l' pel
« Plot shows data vs MC for well-identified 2™ _:|__-|- _I_-|-_|__.____ E
muons in a region where we expect low 3 100[ =
backgrounds. E" 5";‘ _—-_I— + ++_|=f
The upper limit on the K* flux E O =
0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6

normalization i1s 1.32.
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Charge Current Quasielastic
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Section Model - QE
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Submitted for publication to PRL:

e—Print: arXiv:0706.0926
Measurement of Muon Neutrino Quasi—Elastic

Scattering on Carbon.

o 02
Kinetic Energy of muon  GeV)

04 06 08 1 12 14 16 18 2




A Resonance Production

asy to tag due to 3 subevents.
ot a substantial background to
e oscillation analysis.




A Resonance
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Event Type of Dirt after PID cuts
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ptical” Model
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Extinction Rate for MiniBooNE Marcol 7 Mineral Oil
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Detector Callibration
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Events Reconstruction and Particle ID

Boosted decision trees (BDT)

PID is based on algorithm extracting
collective information from a large
number of low level variables.




Blind Analysis

MiniBooNE is searching for a small but
distinctive event signature.

Blind region:
» Electron-like events were sequestered
- about 1% of the in-beam events.

The rest 99% of in beam events
» At the beginning highly restrictive.

* Rule for cuts to sequester events:
<10 signal outside of the box

» Look closer and closer to the box as the PID and MC became
more and more trustworthy.

Finally box was opened in series of steps.



80000

70000

60000

50000

40000

30000

20000

10000

g 4000

No Cuts

-2000

2000 4000 6000 8000
Corrected Event Time (ns)

L
10000

12000

14000

e

aEEEERS

-
-
o
-
o
o
o
-
-
-
-

e

)

35000

30000

25000

20000

15000

10000

5000

0

)

-
. -
PR

-

Veto hits < 6
»
L &
L
f
r L
P
L ¥ :
i N
' .
L .
i *un
: e
[ "
PRV S T T T ST VT T AT T [T S N S SV
4000  -Z000 0 2000 4000 6000 8000 10000 12000

Corrected Event Time (ns)

L
14000

10000

6000

6000

Z000

0

the time window:

Poaty

Tank hits > 200
Veto hits < 6

"
4000

-Z000

0 Z000

4000

N
6000 8000 10000

Corrected Event Time (ns)

12000

14000




70000 — . ® data
25 60000 — —MC

Veto Hits

0

—

Lh

(=

=

()
|

9

s/l
5
=

10000
7500

No. of Event

h

=

=

[}
|

2500

0 171 71—
0 200 400 600 800

Tank Hits

T
1000 1200




Track-Based Analysis
Track Reconstruction

Predic eral track hypothesis:
tube t ingle track ( p,e) is parameterized
numb h 7 parameters —

E 01 201 TO! EO’ 901
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Predicted Background and Signal Efficiency
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Boosted Decision Tree Analysis (BDT)

» An algorithm optimized to combine many weakly discriminating
variables into one that provides powerful separation

B. Roe et al., Nucl. Inst. Meth. A543 577 (2005)

* Procedure for building a “decision tree”:

 Find the variable separating signal and background best.

o for each of the two subsets repeat the process.

* final nodes are called leaves (can not be further separated).

hit level
(charge, time,
position)

)

analysis

variables
(vertex, cos8,..)

Series of
Cuts

One single
PID “score”
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Boosted Decision Tree
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Systematic Uncertainties
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Cross Section Uncertainties

V. and cancel in the fit)
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* Flux and neutrino cross-section parameter
variations do not affect the hit distributions
for a given event, only the probability of that
event occurring in the first place

» ensemble of 1000 MC by reweighting the
same MC events: reduced MC statistics
error and greatly reduced CPU usage.
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Optical Model multisims
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# of multisims
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Predicted Background Content (TB)
BT
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Unblinding Steps
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Energy Cut
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Counting Experiment




ackground prediction.
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Full Spectrum
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Ing Experiment

)$sEE<1600 MeV

225 (sys) events

Counting Experim ent
475 MeV <EnQE < 1250 MeV forr TB
300 MeV < EnQE = 1600 MeV for BDT

Overlap
19%
220 events

TB only

BDT only 14%
67% 160 events

791 events
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MiniBooNE 90% C.L.
— 1-sided raster scan limit (Ax°=1.64)

— global scan (Ay°=4.61)
---- unified approach (Feldman-Cousins)
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MiniIBooNE-LSND Compatibility Test

LSND measurement:




2% Compatibility
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alysis will follow,

Further analyses of the neutrino data,
« Combined TB and BDT analysis,
* more exotic models for the LSND effect,
* Neutrino cross sections.




Q
=
23
@
=
T

» The
dist

10°

Vi~ :
» The 1 5 sin’(20) upper imit
appearance I . — MiniBooNE 90% C.L
10

II-|III|

IAm?l (eV3/c?)
I

10"

ePrint: arXiv:0704.1500 B iy

: LSND 99% C.L.
A Search for electron neutrino . oo
appearance at the Am? " 1 e\? scale.

IIIII|| | | IIII|I] | lIlIII|| | | 1 11l
1072 10 10" 1
sin?(20)




Acknowledgements




