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Ovutline

e Infroduction to neutrinos
 LSND and the great oscillation mystery

e MINIBOONE

— Neutrino oscillation review
— Combined oscillation analysis
— World’s data joint analysis
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Standard Model of Physics

e Three flavors
of neutrinos
associated
with weak
Interactions

e Massless

e Only LH
neutrinos (No
RH partnhers)

II 1

Three Generations of Matter
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Neutrino Oscillations

Am?2 is the difference of the Distance from point of
squared masses of the two creation of neutrino
neutrino states beam to detection point

R

=si?226 SinZ q.27 Am?2L
E

‘ 0 Is the mixing angle ‘ - T >

P

OSC

‘ E is the energy of the neutrino beam
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LSND

Fit to oscillation
hypothesis

Beam Events
)
)

Backgrounds

best fit by a 2-neutrino
oscillation hypothesis

e Different from other oscillation signals

— Higher Am?, smaller mixing angle, much
smaller probability (~0.3%)

o)
(&)

e Significant excess of events  of "

® Beam Excess
B3 p(s, v €")n
P .e)n

other
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Current Oscillation Status
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MiniBooNE

MiniBooNE Detector

Signal Region

Veto Region
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MiniBooNE Beam

Accelerator based Decay in Flight (DIF)

LMC

Decay
focusing horn region dirt

Magnetic 25 b B b W
: Absorber 450 m Detector

e Beam of protons + a target material (Be)
— mesons (x, K)

* Looking for v ,— v, : appearance analysis

e Mesons decay into the neutrino beam sampled by a
detector
— K+/n+e M++VM.
*u—ett Oml_vu T Ve Flux paper arXiv:0806.1449
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MiniBooNE Detector

MiniBooNE Detector

Signal Region

Detector

e 12.2 meter diameter sphere ”
* Pure mineral oll

e 2regions
— Inner light-tight region, 1280 PMTs (10% coverage)
— Optically isolated outer veto-region, 240 PMTs
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Observing v Interactions

e Passage of partficles
through matter
eaves a distinct mark

— Cerenkoyv radiation /
light
— Scintillation light

UUUUUUUUUU
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Cerenkov and Scintillation Light

e Particles with a velocity greater than the
speed of light * in the medium™ produce an
E-M shock wave

— v>c/n
— Similar fo a sonic boom

* Prompt light signature

e Particles deposit energy in the medium

e |sotropic, delayed >

UF‘UFT.VCE)RIS{IEBA June 13, 08

The Foundation for The Gator Nation

11




Neutrino Interactions

Deep Inelastic Scattering '

MeV
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Event Sigha

ure

electrons:
short track,
mult. scat.,
brems.

muons:
long track,

slows down

neutral pions:
2 electron-like
tracks

Sharp Outer
Ring with
Fuzzy

Inner
Region
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v. Event Selection

Two backgrounds to the Oscillation search

e Realv, inherent in beam

e Mis-identified “electron-like"” events
— NC #% Radiative Delta decays, efc.

’/l’ __________ /U“ l./’H ............ I/ Ul
A( i
\Z g0 7
— ~—— ~-_\\x~ -’__..—-"4 —— .
n— ;1s|l“<i::::jn ~ n-— Al <\\\\\\
n

* Looking for v, — v, oscillations Ve ... _—
* Use charged current inferaction to Iy
identify v, events o
-
(2C)

~—p
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v. Event Selection

Precuts
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e | contained cluster of tank hits in beam time
window
— Reconstructed interaction vertex within fiducial volume of detector

e # Veto Hits < 6, # Tank Hits > 200

— Removes cosmic rays, removes low E electrons from muon decays
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v. Event Selection

Track Based Analysis || Boosted Decision Tree

(TBA) Analysis (BDT)
fit events under different calculate O(100) topological
track hypotheses variables
ratios of resulting maximum use boosted decision trees to
likelihoods provide particle ID assemble/optimize information
information
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Track Based Analysis

0.3
- Monte Carlo
0.2 -
0.1}
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e Separate muon
events from electron
events
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e Separate pion
events from electron

events
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I v, CC QE
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Boosted Decision Trees

Hit Position

Hit Charge

Hit Timing

\

>

/

o Tsaniiom &2 eelatgsioiaderafble §ihoi e creoone
vadrenarharth) casdenkovcoboe) to create
analysis variables

\

Output

Variable
f(E)

e Sequence.
G

B.P. Roe, et. al : physics/0408124, NIM A543 (2005) 577-584
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Final Event Composition

intrinsic v, . . .
v, Mis-id . . .

Boosting Analysis Track Based Analysis
. mEPi+
OMu+ .g!; 1% .O1§_E/§r
13% °
E Ko
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W Other
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Overlap of Events

Track Based : 475 MeV < E %< 1.250 GeV
Boosting :300 MeV < E €< 1.60 GeV

Overlap
19%
Track Y,
Based Boosting
14% 67%

UF‘UFBEEE)RI?EBA June 13, 08

undation for The Gator Nati

20




Final Exclusion Curves

TBA vs BDT analysis

e Track Based Analysis 10

‘L1 H > ¢ sin’(20) upper limi
more sensitive at high ; ) sppertint
— MiniBooNE 90% C.L
---- BDT analysis 90% C.L.

T
ta

Am? 10}

e Boosted Decision

Tree.s.ligh’rly more S
sensitive at low Am? | [ LsNpegnCL.

11l | l L1 111l lJ 1 11l ‘ | L 1111l
10° 102 10" 1
sin®(20)

Phys. Rev. Lett. 98, 231801 (2007)
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Observed Event Distribution

2 oscillation -
e \\ a:aly3|s threshold * MiniBooNE data
: \ -+ expected background

- BG + best-fit oscillation
— v, background

v, background

Counting Expt :

309 MY < [E %< gy
Beesaverddekground : 3.70
358 + 19 + 35 expected events
Excess over background : 0.550

events / MeV

300 " 600 900 1200 1500 3000
reconstructed E, (MeV)
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Joint Analysis

e Combine data from 2
oscillation analyses to
produce a more sensitive 2
result in the region below
~2 eV2in Am?2 :
— Does not include low E g
eXxcess
* Two different event : S
reconstruction algorithms : =
— Different reconstructed ff : e
neutrino energy, even for o2 1 e S = !
events common to both EF-TEL (< 10°MeV)
samples

UF‘UFT.‘BIKEBA June 13, 08
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Joint Analysis

* Each analysis used v, CCQE to
constfraint infrinsic v, backgrounds

— Different reconstruction = different samples!

* Use same v, CCQE sample for both
analyses

> 350 A B B S B B B HLE S B -
- - v, CCQE, parent &' =
= 300 ]
~ s -\ CCQE, l,'uentl\ =
S 20 - . v, CCQE, [.’llél’ltl\ -
= R - e S Bl -
Use CCQE sample o 3 WS .. mEm v, CCCQE, other =
200 - . =
from Xsec pub v 200 - s . -- lnput Syst. Error =
PRL 100, 032301 g 10 : T E
(2008) 8 100 - I —
2> 5oF ” e .
- SOESEE e - =
- ——— .

0 L 1 ] S TS S T S S ' b | I W [ G T Y

0 0.2 0.4 0.6 0.3 1 1.2 1.4 L6 1.8

EE_NUMU (x 10° MeV)
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Joint Analysis

* In general, can reweight central MC to
calculate systematic errors

— Don’t need to generate multiple million evt
samples!

e Can't do that for the opftical response
of detector!

IIIIIIIIIII
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Joint Analysis

e Simultaneously vary all parameters
within errors = 1T multisim

e Create 66 multisims

e Computing power = only produce data
sized samples (vs central MC/other syst)

0.

IIIIIIIIIII
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Joint Analysis

e Data sized stat error built in fo OM systematic

e Can use that as the stat error, or remove &
explicitly add in data stat error

e TBA does the former

e BDT : former causes pathologies in output
variable

— Fit 5™ order poly to (multi/mc) before calculating
error matrix

— Smoothing, removes jitter associated with statistical
fluctuations

— Causes slight overestimate of systematic

F UNIVERSITY of
UF [FLORIDA June 13, 08 27
The Foundation for The Ga tion

tor Na



Joint Analysis

TBA, smooth vs unsmooth
'\102_IIII[I T :IIIFIII T T IIIIIII H
N — -
S i 90%GCL. J
9 {

o 5 3 CL.
E :
< | — 56 CL.
iy, /
10 7] ' -
E * I3 /\ —— First MB. TBL 90% C L. limit E
) ----- First MB. TBL 3¢ C.L. limit
{
1
107
L Fit to MiniBooNE data
- bestfit :(0.00065, 6.8545)
~ 2., :5.68287
[ %, :6.08773
10'2 lllllll | ] lllllll | | lllllll ] I 1L iill

10° 102 10", 1

sin“(20)

e Smoothing degrades

limit slightly in track
based analysis

Smoothing is more
conservative, non-
smoothing produces
pathologies we can't
control

Apply smoothing to
both analyses
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Joint Analysis

Some events common to both analyses

Need to consider correlations In
statistical error maftrix!

The Founda

UNIVERSITY o

f
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Joint Analysis

Track-based vs Boosting analysis

102 : :
- — -
i 32 sin"(26) upper limit
| e
p — MiniBooNE 90% C.L
10 ---- BDT analysis 90% C.L.
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Combining both analyses
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Publication in progress

Phys. Rev. Lett. 98, 231801 (2007)
UNIVERSITY of
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Global Data Analysis

® De-l-ermine if LSND 102§|||||| ) U R T T |\||||1E
excess is result of 2-v S
osc, considering 3 IR Tamemel -
null expts ~
C
Py
s
 Combine data from % |
Bugey, KARMEN2,  ~
LSND, MiniBooNE 10
— MB track-based analysis - W isoaocl
- [ ] LSND99% C.L.
>475Mevonly! -2 |IIIII| | | IIIIII| | | |HIII| | | JI~I~IrI~
10 10° 10° : 10" 1
arXiv:0805.1764, accepted by PRD sin(26)
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KARMEN(2)

ISIS Spallation Neutron Source :5\

800 MeV proton beam
200 pA beam intensity
duty cycle 1075

% H~ lon Source

e Located at ISIS neutron spallation source, Oxford
— 800 MeV p + tantalum/heavy H,0

e July, 1990 to March, 2001

e Large volume segmented liquid scintillator detector, lined with
PMTs

e Surrounded by shielding interspersed with scintillating veto
counters

UNIVERSITY of

UF [FLORIDA June 13, 08
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poolal
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.© 491 ° | PhotaMultipliers |
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|
* Located af Bugey nuclear power plant \'
e Ran through mid 1990’s | B
* Modules of scintillating liquid, read out | (@ ——
by PMTs \
e Performed oscillation searches at 15m,

40m, 95m from reactor
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Global Data Analysis

e Compatibility

— How probable is it that all experimental
results come from the same underlying 2-v

oscillation hypothesis¢

e Allowed regions
— Indicate where osclillation parameters

results can arise in a framework of 2-v osc.

— The compatibility is the metric for the
validity of this assumption.

would lie, at a given CL, assuming all expt.

IIIIIIIIIII
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Global Data Analysis

e Data
e Fach

orovided as points on Am? - sin226 grid
of = agreement between data & 2-v

hypot

nesis at that point

 DatainIn(L), AIn(L), %2 grids

» Notable to obtain absolute 4 (goodness of fit) from all

experiments!

* Must use Ay? grids in this analysis

F IIIIIIIIIII f
UF [FLORID
The Foundation for The Ga tion
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Two Ay? Analyses

e 2-D grid uses global best fit point to
calculate the Ax? at each point

— Prob to observe all expt results it nature has
2-v osc in this entire Am?2 region

e 1-D (Raster Scan) uses local best fit
point at each Am? to produce Ay?

— Compatibility at each Am?Z, if nature fruly
had 2-v osc at that specific Am?

IIIIIIIIIII
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Input Data

102 E—

e [SND

— DIF and DAR data 1

* MiNnIBOONE

— Most restrictive Am? range

upper sin?20 limit 10"
most coarse binning _? 0 IS
» Used to set default grid Pt . 1o° . o o Fsm’ze1
ame binning, range o
¢ KARMENZ Am? - sin220 common to
all expts used
e Bugey ’

— Acero, Giunti, Laveder, hep-ph/0711.4222

— Data spans large region not covered by MB

e Convert into delta grid before put into MiniBooNE grid format to
avoid bias
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Compatibility Calculation

e Construct a Ay? grid for each expt.
— each pt = local value - best fit value

e Sum individual Ayx? grids
e Compatibility = ¢? prob. of minimum of
summed grid, using a reduced NDF

— 2(indep. a) - (# iIndep a estimated from
data)

—ex:2-DMB + LSND =4 -2 =2 NDF

Maltoni and Schwetz, Phys. Rev. D. 68, 033020 (2003)

IIIIIIIIIII
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Allowed Region

e Each expt’s Ax? grid converted intfo Ax? prob
grid using standard NDF (2, 1)

 Multiply prob grids together, produce pdf x

n-1

1 |
PXx) = x 2, 7 lIni(x)|

J=0

e Allowed regions = closed contours in space

e Exclusion bands = non-closed contours
— Values to R are excluded at a given CL

Roe, Probability and Statistics in Experimental Physics, (2001)

F UNIVERSITY of
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2-D Resulis

LSND | KARMEN2 \ M Am? sin220
X X 25.36 0.072 0.256
in X X 3.94 0.242 0.023
X X 73.44 0.052 0.147
X X 27.37 0.221 0.012
X X 16.00 0.072 0.256
X X 32.21 0.066 0.4
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LSND, MB, KAR2Z, + Bugey

?ummed 2-D sz Compatibility Grid (LSND, KAR2, MB) ?ummed 2-D sz Compatibility Grid (LSND, KAR2, MB, Bugey)
L L 14
" 0.000317 to 0.4108 sin2260 - 0.01to 0.4108 sin?26 '12
N : : —10
3 B B
Ng 15_ "-._H' Ng 15_ N
' =
~ 3
10'1:— 107 =2
10* ;|CI)’3 102 107" 104 — ””;‘(l)_s — "”;lcl)e — "”'1'!)4 R0 |
Sin“26 Sin?2e
¢ 25.36% compat at Am2=0.072 eV?2, sin220 = 0.256
e Area covered by Bugey!
¢ 3.94% compat at Am? = 0.242 eV?, sin?20 = 0.023
UNIVERSITY of
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LSND, MB, Bugey, = KAR2

? (eV?)

Am

MB, KARMEN2 90% CL Exclusion Bands

2 t * MB 90% CL
W z . KAR2 90% CL
10 , G
C A#,; & a
= AAAA e &..A
< ...}
N
1 :_ “...:::k‘ﬁ
C 'H..:A“.
e,
M ta,
.
) t‘ﬁAA
& T
‘o...ﬁhb‘
_1 | ~o_-:‘.mA‘
1 0 C \‘. ‘AAAA
- o
llll L L Illll I]lll L
10* 10° 107 107
sin(20)

e 2.14% vs 3.94%)!

e Best fit point = 0.242
eV?, 0.023 sin?%20

e Including KARMEN2
Increases the NDF
used to calculate
prob, but provides
NO INCrease in
sensitivity!
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THE FOLLOWING PREVIEW HAS BEEN APPROVED FOR
ALL AUDIENCES

BY THE MINIBOONE COLLABORATION
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Low-Energy Excess

Included 200 - 300 MeV bin

5

e MiniBooNE data (stat. error)

3'5:_ -+ expected background (syst. error)
3.0

> — v, background

= 2.5__ l

= - v, background

L 20— H

[ o — | * E

S 150 ; 200 - 300 MeV bin

®F — dominated by dirt
1.0 ;— _i_ background
0.5;—

P I S : N S AN SR SN S M s w |
300 500 700 900 1100 1300 1500 3000
reconstructed E, (MeV)
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Understanding the Excess

e Excessis electron-like, seen by both analyses

* Backgrounds to the osc. analysis are mainly v,
induced at low E : NCxP, radiative A, dirt

e Double/triple checked various backgrounds
— Dirt or radiative A decays

— Pion or muon mis-id (including muon bremstrahluung)
* arXiv:0710.3897

Refine hadronic model
— Added & radiative capture, photonuclear absorption

UF‘UFT.VCE)RIS{IEBA June 13, 08
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The Low-E Excess

e Work In progress, expect W&C this summer

e Great interest in the community!

— Lorentz Violation
» Katori, Kostelecky, Tayloe, Phys. Rev. D74 (2006) 105009

— Anomaly-mediated photon production
e Harvey, Hill, and Hill, hep-ph0708.1281
— 3+2 + CP violation : MB excess + LSND, Karmen2,
Nomad, appearance only data
* Maltoni and Schwetz, Phys. Rev. D76 (2007) 093005

— Sterile neutrino short-cuts in extra dimensions
* Pds, Pakvasa, Weller, Phys.Rev. D72 095017, 2005

— v, disappearance, deficit in Ga expts
* Giunti and Laveder, hep-ph 0707.4593

— New light gauge boson
* A.Nelson and J. Walsh, hep-ph/0711.1363

UF‘UF}i‘,(E)IiS{IfBA June 13, 08
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v, Disappearance Sensitivity

Work in progress, expect
W&C this summer

MiniBooNE data 90% CL
sensitivity (NOT limit from
data)

CDHS 90% CL

o~

E |
< s

10

. . : ! S

e Combined analysis with ! é}\&\
SciBooNE data will F oo ¢

significantly improve this o~ 0

sensitivity 10 in(26)

UF‘UFhi\Blis{[fbg June 13, 08
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Summary

e Combination of TBA, BDT results in ©
more restrictive exclusion band at low
Am?

— TBA 475 MeV and up data set

e Joint analysis finds 3 null result
experiments (KARMEN2, Bugey, MB) and
LSND only 4% compatible with having
come from 2 neutrino oscillations

— TBA 475 MeV and up data set only

IIIIIIIIIII
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MiniBooNE Future

e Focus today on v mode oscillation analyses

e Many more papers/analyses just released & In
the pipeline!
- v, disappearance in v mode

— v mode xsec measurements : NCE, CCx*t, CCQE
(PRL 100, 032301 (2008)), NCmt® (arXiv:0803.3423, Phys. Lett. B. 664,
41 (2008))

— Anti-v mode xsec measurements : CCna*, CCQE,

NCmr®
e Complete low-energy check in next few
months
e Anfi-v oscillation analysis coming soon!

UF‘UF{‘SIK%A June 13, 08
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Proposing the Neutrino

ALPHA DECAY

americum —=#= neptunium + alphaparticle
T 224 544 672 220,810.605 3728429 MeV/c? o 2 body C||phC] deCGy, E Of
- decay products always the
& i same
- 48(— e 1913-1930: betadecay =

S LT e L contfinuous spectrum of E

thodium — palladium  + beta particle — E not conserved?

98,652.876 98,649.196 0.511 MeV/cZ _ P no-l- Conserved3
1 ‘| have done something very
bad today by proposing @
3 particle that cannot be
: detected; it is something no
2 | theorist should ever do.”

Beta particle energy (MeV) — r%dg (PGU“' ]930)
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Superposition of Masses

Sound Waves

,hﬁﬂhﬁﬁf\ﬁ(‘f"\ﬁ(\,\‘
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Mixed n Flavors
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|
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*
|
vV, —> V.
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Neutrino Oscillations

Weak state
R

2
~
N\
O
\/
Y,
I

Mass state
r~ : ~
cos® sin@|( v, °

Yy cos 0 Y
kSInﬂ DAY

-sin 0 [v.> + cos O |v,>

IIIIIIIIIII
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Neutrino Oscillations

Weak state Mass state

- PN
‘v, | [cos® sin®|( v °

vV i cos 0 Y
U kSInﬂ )L 2)

v, ()> =-sin B |v,> + cos B |v,>

T T

IIIIIIIIIII

UF FLORIDA .une 13, 08
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Neutrino Oscillations

Posc = ‘<Ve | Vu(t>>‘2

P_.. =s5iNn%20 sin> q.27 Am2L

N

E

-

IIIIIIIIIII
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Neutrino Masses

e Electron neutrino < ~2 eV
— Trittum beta decay experiments

e Muon neutrino < few MeV
e TAU neutrino < few MeV

IIIIIIIIIII

UF FLORIDA .une 13, 08

tor Na
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Decay In Flight

| v, Flux
B v, Flux

Flux /0.1 GeV

2
=10

Fraction of v

Target magnetic  decay region
Proton (often Be) focgsing (usually air)  Absorber .
accelerator device (usually Fe)
0 s L s s
E, (GeV)

 Advantage : more intense beam because mesons
are focused (not isotropic)

e« Advantage : can select neutrino, anti-nu beam

e Disadvantage : difficult fo understand the flux (in
content and in E)!

UF‘UFT\BIS\[S{[{-BA June 13, 08
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Decay At Rest

 Advantage = Know timing of
beam, lifetfime of particles, use
to greatly suppress cosmic ray
< background

Intensity

— U e Advantage = extremely well

- —

. ' defined flux
0 500 1000 1500 2000
Time, nsec /

e Disadvantage = Low E limits

P A choices of neutrino interaction
%1 P signall

£ A "11 e Disadvantage = Beam is

g ;/ | isofropic - no directionality

- ‘ — Hard to make an intense

% isotropic beam

Intensity

0 20 40 60
Energy, MeV

UNIVERSITY of
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The resulting v flux

>
O o Vu B v, Flux ~ 1
Z 0 b B vl o ! T2k Comparing
% S to other
B 0
=10 = J beams
E — UV N | NB
£ 10 £ \ O
ef [I % K2K
10 2 AJ L !
ol N —e .
] 1 2
10 0 0.5 1 1.5 2 2.5 3 Ev (GeV)
. EV (GeV) . K. Hiraide
Different from LSND, which was a beam dump flux
(neutrinos from stopped muon decay, ~30 MeV)
MiniBooNE is a precision experiment,
We need to understand this flux well!
UNIVERSITY of
UF FLORIDA June 13, 08 59
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How to know your flux: Part I

Incorporate fits to external data
for production cross sections
in the Monte Carlo

HARP P =8.9GeV

L B S S S B S S S RS S B S B S e SR S B S S S S S S R S ™)

beam

(2l e=45mrad + R & TF o 8=75 mrad 7

7 3 = = :’ ]
N y [ SETTERN ]
SRS
e T
I N -
. L R
* "-‘_“.i'-i
¥ Nrtiang,
| ! | | ! ] | ! | | Loy
T T T T T 1 T T T T o -

150 _ : - 6=105 mrad 1 11T 6=135 mrad _

5
>
©
O] s
S TR ! e, S ]
e.g. HARP (CERN) 2w} TR Py .;
Data taken with g % | ]
B P ! . ! ! ! s T SO
:\_.ID 200 L_ 1 T I 1 T _-,-_ N 1 ML I LI W N

MlnlBOONE target Slugs 150 _ #=165 mrad __ & =195 mrad ]

8 GeV beam o f ot PR E

50 - R I TN, N
a ¥AL | & SrNL 1

i W0 I P ]

0 ! 1 ! P e ST 1 1 1 R e S a

Nucl.Phys.B732:1-45,2006, e P
Eur.Phys.J.C52:29-53,2007 p.(GeV) p.(GeV)

UF UNIVERSITY of

FLORIDA June 13, 08 K* and K, fits are also performed to world data 60

The Foundation for The Gator Nation




How to know your flux: Part II

% ¥ M v, Flux
— 10

= ] v, Flux
P

E S
-~ 2

= 10

Gy

o

c

S

3} 3

& 10

10

0 0.5 1 1.5 2 2.5 3
E, (GeV)

* Once the m flux 1s known, the u flux

is determined = constrains the v_! _ i

To constrain the v, from n
decay :
* Measure the v, flux

e Kinematics allows
connection to the t flux

)
—oh oA
—
o
“

L]

UNIVERSITY of
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How to know your flux: Part III

B v, Flux
u .
B v_Flux Constrain the v, from Kaon

decay

10

10

K—=uv

Because the K is about

4x more massive than the m,
its decay can produce
higher energy neutrinos

Fraction of Vu Flux /0.1 GeV

10

10

2.5 3

<j E. (GeV) Use the high energy
:> events to constrain
Dominated by Dominated by the neutrinos from Ks!
n decay K decay

UNIVERSITY of

UF FLORIDA June 13, 08
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Predicted Flux

other 12 NCot CCn

UF‘UFT\BIS\[S{[{-BA June 13, 08
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Sources of Errors

e Data collection

e Proton beam + Be target models

e Pion and kaon production
-t o, K*, KO

e Neutrino cross sections / interaction rates
— Dirt, NCxP, neutrino cross sections

e Detectorresponse to these interactions
- OM

UF‘UFIEVCE)RIS{TBA June 13, 08

The Foundation for The Gator Nation
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Systematic Errors

Use Multisims to calculate
systematic errors

In each MC event vary all
parameters at once,

according to a full covariaonce 80
martrix v

— Ex : Feynman scaling of K* e 60
varies 8 params simultaneoushyw

Vary full set of parameters =
many fimes per event e 40
OM =70 multisims. All other 4
errors = 1000 20

Use this information to form an

error matrix 0

Central Value MC

_ K* error

700 750
Hevts in 1 E bin |

UF

UNIVERSITY of

FLORIDA June 13, 08

The Foundation for The Gator Nation
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Systematic Errors

Error Track vs Checked or
Boosting (%) | Constrained by
data
DAQ 7.5/10.8 ©
Target/Horn 28/1.3 ©
nt Flux 6.2 /4.3 ©
K* Flux 3.3/1.0 ©
KO Flux 1.5/0.4 ©
Dirt 0.8/3.4 ©
NC 0 yield 1.8/1.5 ©
Neutrino Xsec 12.3/10.5 ©
OM 6.1/10.5 ©

UF‘UFT.VCE)IiS{IfBA June 13, 08

The Foundation for The Gator Nation
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Systematic Errors

source of uncertainty on TBL constrained Further

v, background syst. error (%) by reduced by
MB data? relating

Ve fO v,

Flux from n * /u* decay 6.2 Y Y

Flux from K* decay 3.3 Y

Flux from K° decay 1.5 Y

Target/Beam model 2.8 Y Y

v Cross section 12.3 Y Y

NC = ° yield 1.8 Y

Out of tank events 0.8 Y

Opftical Model 6.1 Y Y

DAQ electronics model /.5 Y

UF‘UFT.VCE)IiS{IfBA June 13, 08
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Internal Constraints

e NCnl datfa

— Constrains NCa® and Radiative Delta xsections
 v,CCQE

— Constrains flux of v, flux from s — u v,

— Constrains CC mis-id backgrounds

— Constrains xsec errors

 High E events

— Constrains v, flux from Kaons

 High R events
— Constrains dirt backgrounds / xsections

UF‘UFIEVCE)IiS{IfBA June 13, 08
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v, CCQE Constraint on v,

A measure of the v, E spectrum...

.. IS @ measure of the ™ spectrum...

... Which provides the T =P =V flux.

Kinematic correlation allows
tight constraintonmt — u — v,

E, (GeV)

UF‘UFY\BRI%fBi\ June 13, 08
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High Energy Constraint

v, from K decay
v, from w & w decay
v, from K decay

Neutrinos/POT/50MeV at MiniBooNE Tank

0.4

v, from w & u decay| 035

03 |

0.25 [

Am2=0.4 eV?
Am2=0.7 eV?
Am2=1.0 eV?

0.2

0.15

0.1

e

P I

P T S S S MU

5

|
1 1.5 2 2.5

Neutrino Energy (GeV)

0 0.5 1 1.5 2 2.5 JE” (Ge.\’i}t; 0
e Predicted range for signal = 300 MeV to 1.5 GeV
* AthighE, v, andv,-like events due to K decay

Both analyses use high-E evts to constrain v, bgd

UNIVERSITY of

UF [FLORIDA June 13, 08
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External Events

Event Type of Dirt Events

Others
CCQE

detector

e v inferactions outside of the

e Measured using high R events %=

Cosmic ray events
measured with beam-off
data

2 events expected in

oscillation analysis

600

4c0-~
2c0-
z o
500

400

I
600

UF‘UFT.\F)RIS{TBA June 13, 08
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v. Event Selection

Vv, Charged Current Quasi-Elastic * A 19.2 us beam

220

P—
D
-
II T ITII IIIIII II

oo
-
7

60
40F-

W

|

I

{ I

[T rrrrrri1 [T 4

120~

100

e

|

LL.l_ll_lJ

.

U J
4500 4550 4600 4650 4700 4750 4800

ll lll[lllllllllll

|

Ill

Lo vntln wea Lo IL:

wrEm A BNJARLAZI R JUIIC 1D, VO
The Foundation for The Gator Nation

0 2000 4000 6000 8000 100(‘)01200014‘00016OOOAI 8000

Hit Time (ns)

trigger window

encompasses
the 1.6 us splll

 Multiple hits
within a ~100 ns
window form
‘subevents”
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Sideband Regions

LI L L L L L L L L L L AL LA L LB L L
o, 2500 T T T T T BRI L ﬁ
u - —
. L] . - -
2 ha
g 2000:— 1 — Monte Carlo Simulalion—: .
3 - ® Data : -
§ 100 . I
>
w L
1000[— . . -
o . l ]
Events/0.01 -
2000 1800 1600 1400 1200 1000 800 600 400 200
RS AN R RAAN AR AR ALY RER AR

log(L A,)
o
.'Z. nul" 1111 1111 1 1
T 1] T L B L
' '
1-'
|

p—

-

' EEEE NN RN R RN R
80 I(I)O 150 l-ill() 160 180 200

Mass (MeV/c?)
e Look aft full mass range for electron-like events

— Signal-like in mass, background like in L ratio

TP A T, © ==L T IAPINE L ST SR P W
50 100 150 200 250 300 350 400 450 500
Reconstructed Mass (MeV/c?)
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Choosing the Default Analysis

102

10

IAm?l (eVZ/c?)

| LR

| II\IHI

-III\-II 1 -IIHHI |

1

| ]

7] LSND 90% C.L.

-
AN
.
-
.
l-'.,\.-, o

| | LSND99% C.L.

lllfl

|

lllll'l[

l'lll\l

— MiniBooNE 90% C.L. sensitivity
---- BDT analysis 90% C.L. sensitivity

| I I |

1073

102
sin?(20)

10
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Final Results vs Design Goal

10°F : — .
- : Sensitivity goal for
- = 5E20 POT
i : — MiniBooNE 90% C.L. sensitivity
10 5 S 2003 Run Plan 80% C.L. sensitivity

LI llll

Ill |

1

IAm?l (eVZ/c?)

|

107F
] LSND 90% C.L.
- [ ] LSND99% C.L.
| 11[ 1 lllllll 1 lJll 1 . L 11111
102 =
1073 102 10’ 1
sin?(20)
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Step 1

%*/NDF for Signal Region v, Candidate Events

6 g Mean : 0.999 + 0.406

i Absolutely Normalized
to 5.579e20 POT :
w 5 '
o =
Z [ oy
o Boosting o
s I =
3 4 3
s g
. 2 R
: :
2 [ 2

y |-
0 ! { B | | | M. ) S | | ) S . L [ 4 J
0 1 1.5 2 25 3

¥2/NDF

e Perform fit from 300 MeV 1o 3

o **dfill fully blind **

%? Probability for Signal Region v, Candidate Events

5 Mean : t‘avg +0.272
Absolufelyl Normalized

- to 557pe20 POT

4 _

! m |

2/ e

1 q o
| Boosting

0‘ lllll|lllllll IIIIIIII Illllllllll llllll llllll

0 010203040506070.809 1
%2 Probability

GeV, for both analyses

e Found Track Based visible E had a x2 Probability= 1%
e Stopped the unblinding process

UF‘UF}iv(E)IiS{IfBA June 13, 08
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Step 1

e We felt that we had checked everything to our full

ability, and to our best knowledge could not further
constrain processes

e MC studies of potential LSND oscillation signals

indicated we could tighten the E requirement with
a negligible loss in sensitivity

e Prior to unblinding, we agreed to also examine

events with E 98 > 300 MeV in the Track Based
analysis

The Founda

UNIVERSITY o

f
FLORIDA June 13, 08
tion for The Ga tion

tor Na
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Observed Event Distribution

1

+ 2v oscillation o
25  analysis threshold * MiniBooNE data
' —> -+ expected background

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

v, background
Counting Expt :
475 MeV < E Q< 1.250 GeV
380 observed evts

* 358 + 19 + 35 expected events
paches Excess over background : 0.550

_\_‘_|_‘....’ .....

111111111111

|
900 1200 1500 3000
reconstructed E, (MeV)

events / MeV
3}

O
o

N N
300 600
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Observed Event Distribution

o S00F
§ 450 :_Countlng E><th:E .
@ [ 300 MeV < E %< 1.60 GeV S
400971 observed evts e
3301070 + 33 225 expected events =~
a0l Excess over background : -0.38¢ """ “tisi=d Srsl Bia
250 =4—
s - :
g . o
1s0f e :
100 ——8- -
E .—"u_...'..' N
=0 3 b -
- - ). b | [ -
7 B ¥ Y s RV PO -
E; (GaV)
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Observed Event Distribution

_Background-subtracted

reconstructed E, (MeV)

B 2v oscillation
- ; analysis threshold e data - expected background
- 0.8 — _
o 4 : — Dbest-fit v, —v,
= 475 MeV to 3 GeV
» 0.6 _
£ B : Counting Expt :
4 ¢ 300 MeV < E %< 1.250 GeV
o 04— : 5
e - 749 observed evts
8 u 631 + 25 + 45 expected events
g 02— Excess over background : 2.30
o u
0.0 — | | | l + *_
. L] .
| [ T A B
300 900 1200 1500

3000
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Observed Event Distribution

Background-subtracted

B 2v oscillation
- ; analysis threshold e data - expected background
- 0.8 — _
o 4 : — Dbest-fit v, —v,
= : " 475 MeV to 3 GeV
» 0.6 :
= R : Counting Expt :
% 0.4 ? . 300 MeV < E Q< 475 MeV
o - ; Excess over background : 3.70
S oo
S 0.2 ;
() N :
0.0 — ) | | | l + *_
Y L 3 .
o S T A A A D
300 600 900 1200 1500 3000

reconstructed E, (MeV)
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Observed Event Distribution

Background-subtracted

|

B e data - expected background

> 038 :
g w! ; ---- best-fit to full range 300 Mev to 3 Gev
» 0.6 : — 5in?(26)=0.004, AmP=1.0 eV?
§ - : — §in?(20)=02, Am?=01 eV?
o 04— | :
2 N %2 Probability: 18%, Null Hypothesis= 3%
8 pofF.... Only 4% Compatible w/LSND
5¢ 2 (A
IS R
300 600 900 1200 1500 3000

reconstructed E, (MeV)
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Observed Event Distribution

Background-subtracted
N : e data - expected background
~ 0.8 ‘
g w! ; ---- best-fit to full range 300 Mev-3 Gev
» 0.6 — 5in?(26)=0.004, AmP=1.0 eV?
§ - . — sin°(20)=0.2, Am°=0.1 eV?
§ 04 :__‘—L %2 Probability: 18%, Null Hypothesis= 3%
8 02, #
() - 3 B o . |
300 600 900 1200 1500 3000
reconstructed E, (MeV)
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Photonuclear Background

1L
o.si + Published excess
o) + *  Addition to MC

S | O X 0_4_ +
=

> 02

@

@ 0.2}
Q

s aecilen (mbjy T

Qo
5 04
0.6

I|III|III|I

0.8

C 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 500 1000 1500 2000 2500 3000

ESE (MeV)

&1 A a0
i'.} llllll Moy

e SM effect = absorption of ys through photonuclear

iInferaction
e Noft included in Geant3, has small effect on low E
excess
UF‘UFT.VCE)IiS{[fbA June 13, 08 84
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Global Data Analysis

o All analyses use Am? 0.0488 to 51.13 eV?

e No Bugey : 0.000317 to 0.4108 sin?26
e With Bugey : 0.01 to 0.4108 sin%26

IIIIIIIIIII

UF FLORIDA .une 13, 08
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LSND Input Data

e DIF and DAR dato

e 0.0098 to 101.16 eV4, 0.000313 to 1.01
sin%20

e Best fit point : 0.0025 sin%20, 1.226 eV?

e Arbifrary offset to all points to force
maximum value o 25 units

e Published 2-D global scan

IIIIIIIIIII

UF FLORIDA .une 13, 08
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KARMEN2 Input Data

* 0.01 to 100 eV?, 0.000316 to 1 sin“26

e Published 2-D global scan

 Provided as AIn(L), not given absolute
value of global best fit point

IIIIIIIIIII
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Bugey Input Data

o Collaborators refused multiple requests for
data

e Carlo Giunti provided us with the grid
— Hep-ph/0711.4222
 0.01 to 100 eVZ, 0.01 to 1 sin226

e Convertinto delta grid before put into
MiniBooNE grid format to avoid bias

— Data spans large region not covered by MB
e Published 1-D Raster scan

IIIIIIIIIII
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MiniBooNE Input Data

e 0.0488 to 51.13 eV4, 0.0001 10 0.4108
Sin20

e Most restrictive Am? range, upper sin“20
imit, most coarse binning
— Used 1o set the default grid/binning

e Published 1-D Raster scan

IIIIIIIIIII
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Global Data Analysis

o All analyses use Am? 0.0488 to 51.13 eV?

e No Bugey : 0.000317 to 0.4108 sin?26
e With Bugey : 0.01 to 0.4108 sin%26

IIIIIIIIIII
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Track Based Analysis

Advanced track reconstruction fitting algorithm

Each event is characterized by 7 track parameters
— vertex (x,y,z), time, energy, and direction (6,¢)< (Ux, Uy, Uz

Use ratio of likelihood variables to identify
particles/event type

The Founda
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