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THE NOTORIOUS LSND RESULT

V™ Ve
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H. Ray , University of Florida



TESTING LSND

Am? (eV %)

10 F E
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WANT SAME L/E

DIFFERENT DETECTION
METHOD

DIFFERENT SOURCES OF
SYSTEMATIC ERRORS

TEST FOR OSCILLATIONS
USING NEUTRINOS, ANTI-
NEUTRINOS

H. Ray , University of Florida



MINIBOONE NEUTRINO BEAM

oscillations?

FNAL booste target and horn

(8 GeV protons) (174 kA) decay region

(50 m) detector

(~500 m)

®* MESONS DECAY INTO THE ANTI-NEUTRINO BEAM SEEN BY THE
DETECTOR

- - e - -
PK /T W+ v, .
PU > E+V, + VY,
e MINIBOONE L/E = 0.5 KM /0.8 GEV (.625)

° LSND L/E = 0.03 KM / 0.05 GEV (.6)
® ANTI-NU ANALYSIS USES 3.386E20 PROTONS ON TARGET

H. Ray , University of Florida 4



MINIBOONE DETECTOR

MiniBooNE Detector

Signal Region

Detector

12.2 METER DIAMETER SPHERE ”
PURE MINERAL OIL

2 REGIONS
P INNER LIGHT-TIGHT REGION, 1280 PMTs (10% COVERAGE)

P OPTICALLY ISOLATED OUTER VETO-REGION, 240 PMTs

H. Ray , University of Florida 5



EVENT SIGNATURE

CHARGED-CURRENT QUASI-ELASTIC EVENTS VE P— E" N

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

muons:
long track,
slows down

neutral pions:
2 electron-like
tracks

Sharp Outer
Ring with
Fuzzy

Inner
Region

H. Ray , University of Florida



MINIBOONE ANALYSIS

MINIBOONE IS LOOKING FOR \/Me V. OSCILLATIONS

MINIBOONE IS LOOKING FOR AN EXCESS OF V_
(APPEARANCE)

MINIBOONE PERFORMING A BLIND ANALYSIS
» Some of the info in all of the data

> CHARGE PER PMT AS A FUNCTION OF TIME
» All of the info in some of the data

P ~OSCILLATION FREE SAMPLE TO BE OPEN FOR ANALYSIS

» Low-E NC ELASTIC EVENTS, V_MCCQE, V_MCCJ'E"'

» v, candidate events locked away until the analysis 100%
complete

» Same strategy as neutrino mode

H. Ray , University of Florida



NEUTRINO MODE RESULT

events / MeV

PHYs. REvV. LETT. 98, 231801 (2007) ®
102 Ty T T TTTI | T T T | T T TTTH
B ) | ! 3
.: i[— sin’(26) upper limit 2
[ ]
4.0
E{ ¢ MiniBooNE data (stat. error)
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3.0 :
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reconstructed E, (MeV)
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USED 2 COMPLEMENTARY
ANALYSES

RULED OUT
INTERPRETATION OF
LSND As V7V,
OSCILLATIONS
P TWO-NU OSCILLATIONS
P STANDARD L/E DEPEND.
P NO CP, CPT VIOLATION

UNEXPLAINED EXCESS OF
EVENTS IN LOW-ENERGY
REGION

P EXCESS INCOMPAT. WITH
2-NU LSND-STYLE
OSCILLATIONS

H. Ray

, University of Florida



ANTI-NEUTRINO ANALYSIS

¢ SIMILARITIES WITH NEUTRINO MODE
P USING TWO COMPLEMENTARY ANALYSES
P USING SAME ALGORITHMS
P SAME EVENT SELECTION CUTS

* CHANGES MADE WRT NEUTRINO MODE

» ADDED AN EVENT SELECTION CUT THAT REMOVES
MOST OF THE DIRT (OUT OF TANK) BACKGROUND AT
LOW ENERGY

» ADDED K- PRODUCTION SYSTEMATIC ERROR
» NEW NC 1° MEASUREMENT
» NEW DIRT FRACTION EXTRACTED

H. Ray , University of Florida



ANALYSIS CHAIN

BEAM FLUX
PREDICTION

START WITH A
GEANT 4 FLUX
PREDICTION
FOR THE NU
SPECTRUM
FROM T AND K
PRODUCED AT
THE TARGET

TRACK BASED ANALYSIS

OPTICAL MODEL

EVENT
RECONSTRUCTION

PARTICLE
IDENTIFICATION

PASS FINAL
STATE
PARTICLES TO
GEANT 3 TO
MODEL
PARTICLE,
LIGHT
PROPAGATION
IN THE TANK

USE TRACK-
BASED EVENT
RECO

USE HIT
TOPOLOGY AND
TIMING TO
IDENTIFY
ELECTRON-LIKE
OR MUON-LIKE
CHARGED
CURRENT
NEUTRINO
INTERACTIONS

SIMULTANEOUS
FIT TO ANTI-Vu
AND ANTI- V_
EVENTS

FIT RECO.
ENERGY
SPECTRUM FOR
OSCILLATIONS

H_Rav Universityv of Florida
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ANALYSIS CHAIN

BEAM FLUX
PREDICTION

START WITH A
GEANT 4 FLUX
PREDICTION
FOR THE NU
SPECTRUM
FROM T AND K
PRODUCED AT
THE TARGET

BOOSTED DECISION TREE

OPTICAL MODEL

EVENT
RECONSTRUCTION

PARTICLE
IDENTIFICATION

PASS FINAL
STATE
PARTICLES TO
GEANT 3 TO
MODEL
PARTICLE,
LIGHT
PROPAGATION
IN THE TANK

USE POINT-
SOURCE EVENT
RECO

USE BOOSTED
DECISION TREE
TO IDENTIFY
ELECTRON-LIKE
OR MUON-LIKE
CHARGED
CURRENT
NEUTRINO
INTERACTIONS

SIMULTANEOUS
FIT TO ANTI-Vu

AND ANTI- VE

EVENTS

FIT RECO.
ENERGY
SPECTRUM FOR
OSCILLATIONS

H_Rav Universityv of Florida
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EXPECTED BACKGROUNDS

500 MEV < RECONSTRUCTED NEUTRINO ENERGY < 1.25 GEV
3.386E20 POT

TRACK BASED ANALYSIS BOOSTING ANALYSIS
26%

24% 4%

Wdirt

Encpi0
Enumu misid
Mdelta

Hes

Eother numu

{.

Hkp

OkO

E pip/mup
Opim/mum
B other hue

2%
3%

12%

VM MIS-ID

INTRINSIC V. BACKGROUNDS BACKGROUNDS

H. Ray , University of Florida 12



EXPECTED SENSITIVITY

AS IN NEUTRINO MODE, TBA
IS THE MORE SENSITIVE
(DEFAULT) ANALYSIS.

BDT IS THE CROSS-CHECK
ANALYSIS

NE i f t
<t 4
= 2 é IBDT,SOOandup
{
C \\ (! ITBA,SOOandup
- %
‘ 1
(1
1— \
1070
I: | lIIIIlIl | IIIIIII| | IIIIIII| | ;
10" 10° 10 107,
sin“(20)

H. Ray , University of Florida
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EXPECTED BACKGROUND EVENTS

BACKGROUND COMPOSITION FOR TBA ANALYSIS (3.386E20 POT)

200-475 475-1250

MEV MEV
1]
e | V. FROM T* u* 8.44 17.14
= [note: statistical-only errors shown]
2 | v. From k*° 8.20 |24.88 | o 04
- Q - ,
o = [ [ v, fromp*”
= = 0.35F ®
g 0.3F [ v, from K°
CCQE 2.86 1.24 S o 7t misid
w 0.25 [1A—Ny
NC m° 24.60 | 7.17 | I dirt
9 0.2 - -y l:l other
n | DELTA RAD 6.58 | 2.02 ' —— Stat. Error
[ o il LSND BEST-FIT
= 5 4 69 | 92 0.15 | (Am2, sIN220)=(1.2,0.003)
= IRT . .
> T
0.1 T '
OTHER V,, 3.82 | 2.20 B ==
‘ 0.05 _— N S
[ 1 | ...
ToTAL BGD 60.29 | 57.78 | ———
11 1 | I | P11 | I ] [l
0.2 04 06 038 1 1.2 1415 3.
LSND BEST FIT | 4.33 12.63 QE
ECE (GeV)
H_Rav Universityv of Florida 14




SYSTEMATIC UNCERTAINTIES

TRACK BASED ANALYSIS

SOURCE

ANTINU MODE

E,°® RANGE (MEV) 200-475

FLUX FROM T*/U* DECAY
FLUX FROM T/J” DECAY
FLUX FROM K* DECAY
FLUX FROM K" DECAY
FLUX FROM K° DECAY
TARGET AND BEAM MODELS

V-CROSS SECTION

NC 7° YIELD

HADRONIC INTERACTIONS
EXTERNAL INTERACTIONS (DIRT)
OPTICAL MODEL

ELECTRONICS & DAQ MODEL

TOTAL (UNCONSTRAINED)

0.4

3.3

2.3

0.5

1.5

9.8
9.7

16.3

NuU MODE

475-1100 200-475

0.7

2.2

4.9

5.7

3.0

12.9

3.0

16.2

1.8

0.1

1.4

0.5

1.3

5.9

1.4

475-1100

2.2 FROM FITS TO WORLD’S

DATA (HARP, KAON
PRODUCTION)

0.2

5.7

1.5

2.5

11.9
1.9
0.3
0.4
2.3
1.7

14.2

H_Rav Universityv of Florida
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SYSTEMATIC UNCERTAINTIES

TRACK BASED ANALYSIS

SOURCE
ANTINU MODE NuU MODE
E,°®* RANGE (MEV) 200-475 475-1100 200-475 475-1100
FLUX FROM T*/H* DECAY
H 0.4 0.7 1.8 2.2 INTERNAL MB
FLUX FROM /" DECAY 3.3 2.2 0.1 0.2 MEASUREMENTS
FLUX FROM K* DECAY 2.3 4.9 1.4 5.7
FLUX FROM K" DECAY 0.5 1.1 - -
FLUX FROM K°® DECAY 1.5 5.7 0.5 1.5
TARGET AND BEAM MODELS 1.9 3.0 1.3 2.5
V-CROSS SECTION 6.4 12.9 5.9 11.9
NC 7m° YIELD 1.7 1.6 1.4 1.9
HADRONIC INTERACTIONS 0.5 0.6 0.8 0.3
EXTERNAL INTERACTIONS 2.4 1.2 0.8 0.4
(DIRT)
OPTICAL MODEL o.8 2.8 8.9 2.3
ELECTRONICS & DAQ MODEL 0.7 3.0 5.0 1.7
TOTAL (UNCONSTRAINED) 16.3 16.2 12.3 14.2

H_Rav Universityv of Florida




SYSTEMATIC UNCERTAINTIES

TRACK BASED ANALYSIS

DETERMINED BY SPECIAL
ANTINU MODE NU MODE RUNS OF THE BEAM MC. ALL
BEAM UNCERTAINTIES NOT

SOURCE

E,°® RANGE (MEV) 200-475 475-1100 200-475 475-1100

COMING FROM MESON
FLUX FROM T*/H* DECAY 0.4 0.7 1.8 2.2 PRODUCTION BY 8 GEV
PROTONS ARE VARIED ONE AT

FLUX FROM T'/H” DECAY 3.3 2.2 0.1 0.2
A TIME. VARIATIONS ARE

FLUX FROM K* DECAY 2.3 4.9 1.4 5.7 TREATED ASs 10 EXCURSIONS,
PROP INTO A FINAL ERROR

FLUX FROM K DECAY 0.5 1.1 - -
MATRIX.
FLUX FROM K° DEcAY 1.5 5.7 0.5 1.5
TARGET AND BEAM 1.9 3.0 1.3 2.5 UNCERT. IN A NUMBER OF
MODELS HADRONIC PROCESSES,
MAINLY PHOTONUCLEAR
V-CROSS SECTION 6.4 12.9 5.9 11.9 INTERACTION FINAL STATE
NC n° YIELD 1.7 1.6 1.4 1.9
HADRONIC INTERACTIONS 0.5 0.6 0.8 0.3 UNCERTAINTIES IN LIGHT

CREATION, PROPAGATION,
EXTERNAL INTERACTIONS (DIRT) 2.4 1.2 0.8 0.4 AND DETECTION IN THE TANK.
USE SET OF 130 MC

OPTICAL MODEL 9.8 2.8 8.9 2.3 “MULTISIMS” THAT HAVE
ELECTRONICS & DAQ 9.7 3.0 5.0 1.7 BEEN RUN WHERE ALL THESE
MODEL PARAMETERS ARE VARIED

ACCORDING TO THEIR INPUT
TOTAL (UNCONSTRAINED) 16.3 16.2 12.3 14.2 UNCERTAINTIES.

H_Rav Universityv of Florida 1Z




SYSTEMATIC UNCERTAINTIES

TRACK BASED ANALYSIS

SOURCE
ANTINU MODE NuU MODE P
-
E,°* RANGE (MEV) 200-475 475-1100 200-475  475-11008 —— W11y, CCQE censtr

N

FLUX FROM T*/U* DECAY 0.4 0.7 1.8 2.2 g
—— Whouty, CCQE conetr
FLUX FROM T'/U" DECAY 3.3 2.2 o.1 0.2
10F
FLUX FROM K* DECAY 2.3 4.9 1.4 5.7 -
FLUX FROM K DECAY 0.5 1.1 - - -
FLUX FROM K°® DECAY 1.5 5.7 0.5 1.5
TARGET AND BEAM MODELS 1.9 3.0 1.3 2.5 1
V-CROSS SECTION 6.4 12.9 5.9 11.9
NC 7° YIELD 1.7 1.6 1.4 1.9 [
HADRONIC INTERACTIONS 0.5 0.6 0.8 0.3 10 \
EXTERNAL INTERACTIONS (DIRT) 2.4 1.2 o.8 0.4 909% CL N
OPTICAL MODEL 9.8 2.8 8.9 2.3 SENSITIVITY
ELECTRONICS & DAQ MODEL 9.7 3.0 5.0 1.7 EVQE > 200 MEV
10-2 1l 11 L I 1

TOTAL (UNCONSTRAINED) 16.3 16.2 12.3 14.2 107 102 10"

.3 1
sin(20)

H_Rav Universityv of Florida 1R




OBSERVED EVENT DISTRIBUTION

0.4 Q

>
=
- 0.35
= ® MiniBooNE data
S 03
L Expected background
0.25 BG+Best fit V,—V,
- V. background
0.2 .
. @ v, background
0.15 Counting Expt :
309 MY < I %< yamoMe/

61 observed evts
0.1

: . 7.8 + 10700RRpREtEdRReants
S ‘ a7 ~ Excess over background : enzo4.¢
0.05 : * | ‘
NI ———

02 04 0.6 0.8 1 12 1415 3.

H_Rav Universityv of Florida 19




EXCESS DISTRIBUTION

> 02
0 —
= .
@ 0.15/- ® data - expected background
S - best-fitvp—ﬁe (Am2, siN220) = (4.4 EV2, 0.004)
> .
Y| sin°26=0.004, A m°=1.0eV?
@ - ® sin?26=0.2, A m°=0.1eV?
o ~ ®
' o0.0s — ? . X sesrrr(POF) = 18.18 (17)
= ] X2-PROBABILITY = 37.8%
0 ]
e !
-0.05
i 1 L .

-O.J L 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1

N
o
L
o
()
o
o0
-l
-l
(¥
LF
A
R
-
W

H. Ray , University of Florida 20



EVENT SUMMARY

ARXIV:0812.2243

E 9F range (MeV) anti-v mode v mode
(3.386¢20 POT) (6.486¢20 POT)
200-300 Data 24 232
MC + sys-tstat (constr.) 272+ 7.4 186.8 £ 26.0
Excess (o) -3.2+ 7.4 (-0.40) 45.2+26.0 (1.70)
300-475 Data 37 312
MC + sys+tstat (constr.) 343+ 7.3 228.3 £ 24.5
Excess (6) 2.7+ 7.3 (0.40) 83.7+24.5 (3.40)
200-475 Data 61 544
MC + sys+tstat (constr.) 61.5+11.7 415.2 £ 43.4
Excess (o) -0.5+11.7 (-0.040) 128.8 £ 43.4 (3.00)
475-1250 Data 61 408
MC + sys-tstat (constr.) 57.8+10.0 385.9+35.7
Excess (o) 3.2+10.0 (0.30) 22.1+£35.7 (0.60)
' Excess
l Deficit
H_Rav Universityv of Florida 21




IMPLICATIONS FOR LOW-E EXCESS

MAXIMUM X2 PROBABILITY FROM FITS TO V AND V EXCESSES IN 200-475 MEV RANGE

Stat Only Correlated Syst  Uncorrelated Syst

Same v,v NC 0.1% 0.1% 6.7%

NC 7 scaled 3.6% 6.4% 1.5%

POT scaled 0.0% 0 0% 8%nds)

Bkgd scaled 2.7% ]? re L efd)g %

CC scaled 2.9% 19.9%

Low-E Kaons  0.1% 0 1%(upP 5.9%

v scaled 38.4% 51.4% 58.0%

SAME V AND V NC cROss-SeECTION (HHH AXIAL ANOMALY), POT SCALED, LOW-E
KAON SCALED: STRONGLY DISFAVORED AS AN EXPLANATION OF THE MINIBOONE Low
ENERGY EXCESS!

MOST PREFERRED MODEL: LOW-ENERGY EXCESS COMES FROM NEUTRINOS IN THE BEAM
(NO CONTRIBUTION FROM ANTI-NEUTRINOS)

CURRENTLY IN PROCESS OF MORE CAREFUL CONSIDERATION OF CORRELATION OF

SYSTEMATICS IN NEUTRINO AND ANTINEUTRINO MODE... RESULTS COMING SOON!

H_Rav Universityv of Florida 22




FINAL LIMITS

—~10°¢
< E 3.386e20 POT NO STRONG EVIDENCE
;,E" FOR OSCILLATIONS IN
S| ANTI-NU MODE
10l P ANALYSIS LIMITED BY STAT
: NO EVIDENCE OF EXCESS
I AT LOW ENERGY IN ANTI-
L NU MODE
» COMBINE NU, ANTI-NU
I FOR LOW-E ANALYSIS
| DATA COLLECTION
10 TBA, ESF> 200MeV 90% CL
- o CONTINUING THROUGH
—— TBA, ES®> 200MeV 3 ¢
i TBA, ESF> 200MeV 56 JUNE9 09
- BDT, E?E>500M8V90°/OCL NuMl ANALYSIS IN
10'2 llllll 1 Llllllll Il [lllllll 1 L L LIl 2009!
10° 107 10", 1
sin“(20)
H_Rav Universityv of Florida 23
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THE NOTORIOUS LSND

¢ 800 MEV PROTON BEAM +
Hzo TARGET, COPPER BEAM
STOP

* 167 TON TANK, LIQUID
SCINTILLATOR, 25% PMT
COVERAGE

* E, =20-52.8 MEV
L =25-35 METERS

* V_+P—=E'+N

P N+ P—=D +Y (2.2 MEV)

H. Ray , University of Florida 25



NEUTRINO EVENT COMPOSITION

intrinsic v, [ 1| |[T]
v, mis-id o] ]

BOOSTING ANALYSIS LIKELIHOOD ANALYSIS
EPi+
COMu+ = F:; 1% lOtEer
13% 070 12%
HE Ko
3%

W Other

H K+ 37% ENCpio
10% 18%
OMu+
W Rad 33%
Delta W Rad. Delt
o ad. Delta
4% 4%
B NCpio a 6'5,2
33% B K+
26%

H. Ray , University of Florida 26



FLUX PREDICTION

LI TTTT LI | T
10° = —v,
g -3,
L _— Ve
107 -V,

®(E ) (V/POT/GeV/cm?)

107

|

O(E ) (vVIPOT/GeVicm?)

| IIIIIIII | IIIIIII|

L1 IIIIIII

v

-
o
o

-

o
-
o

-

o
-
-y

1012

102 E 10.13§_A -
1o | | T 10t e % "'--.t.m%" E
- e =1 IR NS NN N/ S R . i =
0 15 2 335 4 45 5 oJo5 1 15 2 2%, 3 35 4 45 5
E, (GeV) ’0‘ E, (GeV)
WRONG SIGN INTRINSIC WRONG SIGN INTRINSIC
CONTAMINATION BACKGROUND TO CONTAMINATION BACKGROUND TO
OSCILLATION OSCILLATION
ANALYSIS ANALYSIS
®* MUCH LARGER WRONG SIGN COMPONENT IN ANTI-
NEUTRINO ANALYSIS
H. Ray , University of Florida 27



SYSTEMATIC ERRORS

USE MULTISIMS TO
CALCULATE SYSTEMATIC
ERRORS

IN EACH MC EVENT VARY ALL

PARAMETERS AT ONCE,
ACCORDING TO A FULL 80 _Central Value MC

COVARIANCE MATRIX

_ K* error

P EX : FEYNMAN SCALING OF K*
VARIES 8 PARAMS
SIMULTANEOUSLY

VARY FULL SET OF
PARAMETERS MANY TIMES PER
EVENT

OM = 70 MULTISIMS. ALL 20
OTHER ERRORS = 1000

H multisims

USE THIS INFORMATION TO 0
FORM AN ERROR MATRIX 700 750

Hevts in 1 E bin

. Ray , University of Florida 28



SYSTEMATIC ERRORS

ERROR TRACK VS CHECKED OR
BOOSTING (%) CONSTRAINED BY
DATA

DAQ 7.5/ 10.8 ©
TARGET/HORN 2.8/1.3 ©

Tt FLUX 6.2/4.3 ©

K* FLUX 3.3/1.0 ©

K° FLUX 1.5/0.4 ©

DIRT 0.8/ 3.4 ©

NC 7° YIELD 1.8/1.5 ©
NEUTRINO 12.3/10.5 ©
XSEC

OM 6.1/ 10.5 ©

H. Ray , University of Florida
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Expected background events by source

(Track-based analysis)

PROCESS EVENTS AFTER SELECTION
BEAM UNRELATED 2

DIRT 17

NEUTRAL CURRENT = 62

NC RADIATIVE A DECAY yA
NC COHERENT AND RADIATIVE <]
ve QUASIELASTIC 10

NEUTRINO-ELECTRON ELASTIC 7
OTHER v, 13

INTRINSIC ve FROM MUONS
INTRINSIC ve FROM K* 71
INTRINSIC ve FROM KP° 23

£ 1SND\ INTRINSIC ve FROM 7*—e*ve 3
correct TOTAL BACKGROUND 358 + 35(syst)

0.26% v,— Ve 163

H. Ray , University of Florida




EXPECTED EVENT COMPOSITION

N

200-475 MeV 475-1250 MeV

—

events
intrinsicv, 17.74 43.23
from m*/p* 8.44 17.14
from K%, KO 8.20 24.88
other v, 1.11 1.21
mis-id vy 42.54 14.55
CCQE 2.86 1.24
NC 0 24.60 717
A radiative 6.58 2.02
Dirt 4.69 1.92
other vy 3.82 2.20
Total bkgd 60.29 57.78
LSND best fit 4.33 12.63

M* can...

...capture on C
...decay too quickly
...have too low energy

H_Rav Universityv of Florida
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EXPECTED EVENT COMPOSITION

Coherent 10 production

Ne\,ents 200-475 MeV 475-1250 MeV
intrinsicv, 17.74 43.23
from m*/p* 8.44 17.14
from K*, KO 8.20 24.88
other v, 1.11 1.21
mis-id v, 42.54 14.55
CCQE 2.86 1.24
NC 10 24.60 717
A radiative 6.58 2.02
Dirt 4.69 1.92
otherv, 3.82 2.20
Total bkgd 60.29 57.78
LSND best fit 4.33 12.63

H Rav

Universitv of Flarida
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EXPECTED EVENT COMPOSITION

N ens 200-475 MeV 475-1250 MeV
intrinsicv, 17.74 43.23
from m*/p* 8.44 17.14
from K%, KO  8.20 24.88
other v, 1.11 1.21
mis-id v, 42.54 14.55 Resonant 10 production
CCQE 2.86 1.24 — —
NC 0 24.60 7.17 \ Vi
A radiative  6.58 2.02 \ v
Dirt 4.69 1.92 7 0
T
otherv, 3.82 2.20 Y
p__L(A%
Total bkgd 60.29 57.78 p
LSND best fit 4.33 12.63

H_Rav Universityv of Florida 33




EXPECTED EVENT COMPOSITION

...and some times...
A radiative decay

v v
\/ n
Z

Y
pp

Nevents 200-475 MeV 475-1250 MeV
intrinsicv, 17.74 43.23

from m*/p* 8.44 17.14

from K*, K® 8.20 24.88

other v, 1.11 1.21

mis-id v, 42.54 14.55

CCQE 2.86 1.24

NC 10 24.60 717

A radiative  6.58 2.02 -
Dirt 4.69 1.92

otherv, 3.82 2.20

Total bkgd  60.29 57.78

LSND best fit 4.33 12.63

H Rav

Universitv of Flarida
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EXPECTED EVENT COMPOSITION

Ne\,ents 200-475 MeV 475-1250 MeV

intrinsicv, 17.74 43.23

from m*/p* 8.44 17.14

from K%, KO 8.20 24.88

other v, 1.11 1.21

mis-id v, 42.54 14.55

CCQE 2.86 1.24

NC 0 24.60 7.17 -
A radiative  6.58 2.02 DB,
Dirt 4.69 1.92 _

other vy 3.82 2.20

Total bkgd 60.29 57.78

LSND best fit 4.33 12.63 MiniBooNE detector

H Rav

Universitv of Flarida
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Data 61 544

200-475 MeV MC + sys-tstat (constr.) 61.5+11.7 415.2 +43.4

Excess (6) -0.5+11.7 128.8 + 43.4

HOW CONSISTENT ARE EXCESSES IN NEUTRINO AND ANTINEUTRINO MODE
UNDER DIFFERENT AS THE SOURCE OF THE
LOW ENERGY EXCESS IN NEUTRINO MODE?

P SCALES WITH POT
P SAME NC CROSS SECTION FOR NEUTRINOS AND ANTINEUTRINOS
» ScALES As T° BACKGROUND
P SCALES WITH NEUTRINOS (NOT ANTINEUTRINOS)
P SCALES WITH BACKGROUND
P SCALES AS THE RATE OF CHARGED-CURRENT INTERACTIONS
P SCALES WITH KAON RATE AT LOW ENERGY
H_Rav Universityv of Florida 34




Data 61 V 544
200-475 MeV MC + sys+stat (constr.) 61.5+11.7 415.2 +43.4

Excess (6) -0.5+11.7 (-0.040) 128.8 + 43.4

o PERFORMED 2-BIN X2 TEST FOR EACH ASSUMPTION
o CALCULATED X2 PROBABILITY ASSUMING 1 DOF

(THUS ACCOUNTING FOR THE POSSIBILITY THAT THE OBSERVED
SIGNAL IN NEUTRINO MODE WAS A FLUCTUATION UP, AND THE
OBSERVED SIGNAL IN ANTINEUTRINO MODE WAS A FLUCTUATION
DOWN),

* THREE EXTREME FIT SCENARIOS WERE CONSIDERED:
P STATISTICAL-ONLY UNCERTAINTIES
P STATISTICAL + FULLY-CORRELATED SYSTEMATICS
P STATISTICAL + FULLY-UNCORRELATED SYSTEMATICS
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Data 61 V 544

200-475 MeV MC + sys+stat (constr.) 61.5+11.7 415.2 +43.4
Excess (6) -0.5+11.7 (-0.040) 128.8 + 43.4

EG.: SCALES WITH POT (E.G. “PARAPHOTONS"”,...)

ANTINEUTRINO POT: 3.386E20 ANTINEUTRINO POT
NEUTRINO POT: 6.486E20 NEUTRINO POT

Obviously this should be highly disfavored by the data,
but one could imagine a scenario where the neutrino
mode observed excess is a fluctuation up from true
underlying signal and the antineutrino mode excess is
a fluctuation down, yielding a lower x2...

=0.52
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Data 61 V 544
200-475 MeV MC + sys+stat (constr.) 61.5+11.7 415.2 +43.4
Excess (6) -0.5+11.7 (-0.040) 128.8 + 43.4

EG.: SAME NC CROSS SECTION FOR NEUTRINOS AND ANTINEUTRINOS
(E.G., HHH AXIAL ANOMALY)

EXPECTED RATES OBTAINED BY Vi Vi

INTEGRATING FLUX ACROSS ALL ENERGIES \\/'/

FOR NEUTRINO MODE, AND ANTINEUTRINO
MODE

[Harvey, Hill, and Hill, hep-ph0708.1281]
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Data 61 V 544 V
200-475 MeV MC = sys+stat (constr.) 61.5+11.7 415.2 +43.4
Excess (6) -0.5+11.7 (-0.040) 128.8 £ 43.4 (3.00)

EG.: SCALES AS T° BACKGROUND (SAME NC V AND V CROSS-SECTION
RATIO) o

EXPECTED RATES OBTAINED BY INTEGRATING FLUX ACROSS ALL ENERGIES
FOR NEUTRINO MODE, AND ANTINEUTRINO MODE

MIS-ESTIMATION OF T° BACKGROUND?
OR OTHER NEUTRAL-CURRENT PROCESS?

FOR T° BACKGROUND TO FULLY ACCOUNT FOR MB V MODE EXCESS, IT
WOULD HAVE TO BE MIS-ESTIMATED BY A FACTOR OF TWO...

...BUT WE HAVE MEASURED MB 7T° EVENT RATE TO A FEW PERCENT!

[Phys. Lett. B664, 41 (2008)]
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Data 61 V 544
200-475 MeV MC + sys-tstat (constr.) 61.5+11.7 415.2 +43.4

Excess (6) -0.5+11.7 (-0.040) 128.8 + 43.4

EG.: SCALES WITH NEUTRINOS (IN BOTH RUNNING MODES)

IN NEUTRINO MODE, 949% OF FLUX CONSISTS OF NEUTRINOS

IN ANTINEUTRINO MODE, 829% OF FLUX CONSISTS OF
ANTINEUTRINOS, 189% OF FLUX CONSISTS OF NEUTRINOS

PREDICTIONS ARE ALLOWED TO SCALE ACCORDING TO NEUTRINO
CONTENT OF THE BEAM
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E QE fit %2 aun(dof)! L best.i(doD)! X*LSND best-fir(dOF)
' v2-prob v2-prob v2-prob
> 200 MeV 20.18(19) 18.18(17) 20.14(19)
38.4% 37.8% 38.6%
> 475 MeV 17.88(16) 15.91(14) 17.63(16)
33.1% 31.9% 34.6%

('Covariance matrix approximated to be the same everywhere by its value at best fit point)

EV‘:’E > 200 MEV AND EV‘:’E > 475 MEV FITS ARE CONSISTENT WITH EACH OTHER.
NO STRONG EVIDENCE FOR OSCILLATIONS IN ANTINEUTRINO MODE.
(3.386E20 POT)
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