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Outline

e |Introduction

e SciBooNE goals, description, performance
e Data analysis

® C(ross sections, CC & NC

¢ Neutrino oscillation searches
e (Conclusions

e [uture outlook for cross section measurements
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SciBooNE Overview

100 m 440 m
| * SciBooNE
| | Coll _( 0.
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SciBooNE Overview

arXiv:hep-ex/0601022v1

e Precise measurements of v and v os near 1 GeV

e Essential for future neutrino oscillation experiments

L
¢ MiniBooNE data have already revealed the need for a 6@8 \@\\(*‘
. . . e N
new paradigm in neutrino xsecs at 1 GeV. S O®6

e MiniBooNE/SciBooNE joint v, disappearance «@*\

e ve & Ve constraint for MiniBooNE

SciBooNE

Decay region

100 m 440 m

* [SciBooNE ]
# DPF 2011 _é M ascko

Thursday, 11 August 11 5
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http://arXiv.org/abs/hep-ex/0601022v1
http://arXiv.org/abs/hep-ex/0601022v1

SciBooNE Collaboration

~65 physicists, 5 countries, 18 institutions

Universitat Autonoma de Barcelona
‘SQiBooNE, 2006 - HEDAE University of (_Jolorgdo, Boulder
» Columbia University
Fermi National Accelerator Laboratory
High Energy Accelerator Research Organization
(KEK)
Imperial College London
Indiana University
Institute for Cosmic Ray Research (ICRR)
Kyoto University
Los Alamos National Laboratory
Louisiana State University
Massachusetts Institute of Technology
Purdue University Calumet
Universita di Roma "La Sapienza® and INFN
Saint Mary's University of Minnesota
Tokyo Institute of Technology
Universidad de Valencia

Spokespersons:
M.O. Wascko (Imperial), T. Nakaya (Kyoto)

J’E [SciBooNE ]
# DPF 2011 _< M ascke

Thursday, 11 August 11 6
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Booster Neutrino Beam

Be target and horn

50m decay volume soil
8 GeV proton - L il (Lt >V
appEEm=en) [
ﬂ!___m__:.:_m?:’ © MY
: L10'9—
E Neutrino flux at
e Intense vy beam with mean g_., SciBooNE
X
energy ~0.8 GeV 5
(a8
e 93% pure v, beam. o 107
e v, beam is produced by E I
inverting horn polarity.
e Uncertainties reduced with 107
CERN HARP data i
10-14||||||||||||||||||||||||| Al vy | I
Phys.Rev.D79 072002 (2009) 0 05 1 15 2 25 3 35 4Evzt.gev)5

Imperial College * [SCiBOONE }Morgan O.
v DPF 2011

Thursday, 11 August 11 7



http://arxiv.org/abs/0806.1449
http://arxiv.org/abs/0806.1449

SciBooNE detector

. uon Range Detector
SciBar (MRD)

e scintillator tracking & :
detector e 12 2"-thick steel

e 14,336 scintillator v O Y + scintillator planes
bars (15 tons) e measure muon

e Neutrino target ‘ momentum with range

e detect all charged |/ upto1.2GeVic
particles : Parts recycled from past

e p/T separation experiments

using dE/dx

.
3 . | )
5 .

Used in K2K experiment

Electron Catcher (EC)

- Used in : .
2m ot [e ;IS ® Spaghetti calorimeter
HARP and RV EIIERUNIDEY
AN o identify 10 and v,
. * [SciBooNE(]
Imperial College # OPF 2011 Morgan O.

Thursday, 11 August 11 8



ciIBoOONE detector

DOE-wide Pollution Prevention
Star (P2 Star) Award n Ranae Detector

~~ Wl "
\

e scintille

detector ﬁ‘ -
o 14,336 ™ .
bars (12 t

e Neutrir

o detect X
particles \

e P/1T sg|
using df

Used in K

Imperial College , ____oNE Morgan O.
v DPF 2011 [ I

Thursday, 11 August 11 9




SciBooNE Data-Taking

Number of Protons on target (POT)

- Delivered

—

(=)

N

L .

o LD For analysis

>

S | H

[

o 2

S

4+ -

whed

c

o ,"'-‘-‘
7 .o‘ :
c

2 """"""

O 4 i e
s T £

—
I | I I | [ S I

L R R R R

I I l

Jun Jul Oct Nov Dec Jan Feb Mar Apr
'07 '08

May Jun Jul Aug
Date

- Jun. 2007 — Aug. 2008
- 95% data efficiency
- 2.52x1020 POT in total

* neutrino : 0.99x1020 POT
- antineutrino: 1.53x102° POT

FERMILAB-TM-2421-DO
FERMILAB-TM-2401-DO,

Analysis of neutrino and antineutrino data sets ongoing.

Imperial College #

Thursday, 11 August 11

DPF 2011

[SciBooNE(] Morgan O.
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http://lss.fnal.gov/archive/test-tm/2000/fermilab-tm-2421-do.shtml
http://lss.fnal.gov/archive/test-tm/2000/fermilab-tm-2421-do.shtml
http://lss.fnal.gov/archive/test-tm/2000/fermilab-tm-2401-do.shtml
http://lss.fnal.gov/archive/test-tm/2000/fermilab-tm-2401-do.shtml

Neutrino event displays

Real SciBooNE Data
) LIAREIE ® ADC hits (area - charge)
: vertex resolution ~5 mm TDC hits (32ch OR)
150/
100/
g ¢ 50/ 0.0
0 |
0
50/ -
100/ .
_ ~ SciBar EC | MRD
S T v aa sl Ty L 150 |
50 0 50 100 150 200 250 300 50 0 50 100 150 200 250 300
v, CC-QE candidate v, CC-QE candidate
(v+p—>u+n) (vp+n—u+p)
| T [s iBooNE ]
Imperial College v OPF 2011 &( Morgan O.

Thursday, 11 August 11 11
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CC event selection =

“charged current”

CC event
candidate

SciBar

o Select MIP-like energetic tracks (Py,>0.25GeV)
® Reject side-escaping muons.

e 3 samples:

® SciBar-stopped (P,,0u) [P, Muon momentum
reconstructed by its path-

e MRD-stopped (P,,8y) [length

Bu: Muon angle w.r.t. beam

Imperial College #

Thursday, 11 August 11

EC ¢ MRD-penetrated (8,) =
SciBar
True Ev (All CC event)
stopped ) X 5F
- F Ev — Generated in FV
IJ_ 4 E_ — Total selected
MRD Stopped i 3 :— — SciBar stopped
\ , E_ —— MRD stopped
- —— MRD penetrated
MRD penetrated 1 E
H -
o o5 1T 15 2 25 3

True Ev (GeV)

[SciBooNE(] Morgan O.
DPF 2011

13




vu CC Inclusive xsec

Yasuhiro Nakajima

Thursday, 11 August 11

d
o= fi- <o pred fi NP, T: number of target nucleon
’ = %c 7 € -1 - D, ®: total flux
Model-independent
_ 14X10°% signal definition.
° L
O 12 L, -
E L 3} * BNL result assume CCQE model o ® First measurement of
£ 10 | constran t{e f"? CC-inclusive xsec on C
~ B T .:. _________________________ E i
5 g o } % — near 1 GeV
o S I """"""""""""""""" e NEUT and NUANCE
C ' based measurements
— | ----e---- SciBooNE data based on NEUT ——- BNL 71t .
4:_ —&—— GSciBooNE data based on NUANCE —+ MINOS are ConSIStent
of| UANCE et = NOIAD e Consistent with MINOS,
A A ! Ll !
0005 1 15 2 25 3 35 4 45 5 NOMAD and old BNL
E, (GeV) (deuterium)
Phys. Rev. D 83. 012005 (2001) measurements
Imperial College # OPF 2011 [M(J Morgan O.
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http://prd.aps.org/abstract/PRD/v83/i1/e012005
http://prd.aps.org/abstract/PRD/v83/i1/e012005

Vu CCQE xXsSeC

Jose Alcaraz, Joe Walding

S

Cross section per proton

. x107°
"g 16 Prelimi
2 140 reliminary
125 j\]\
10F 11 !
8- ) + i ﬁ !
6 —e— SciBooNE
4:_ —=— MiniBooNE
- —— NOMAD
of — NEUT (M, =1.2 GeV)
° E, (GeV)
Publication in preparation
Imperial College *
v DPF 2011

Thursday, 11 August 11

a1t

-100

o Separate data |nto QE/
nonQE samples based on
second track PIDs

e (Consistent with
MiniBooNE result!

= |mpulse approximation?
= Multinucleon scattering?

[SciBooNE ] Morgan O.

15




vy CC coherent pions

Katsuki Hiraide

® Neutrino interacts with entire
nucleus

e Observed at high energy
® Not seen by K2K

o Select 2 MIP events
e very forward pion, low Q2

e (Observed no signal in neutrino
mode

® Small excess in antineutrino
mode

e (Consistent with limit set in
neutrino mode

Hidekazu Tanaka

Imperial College #

Thursday, 11 August 11

Phys.Rev.D78, 112004 (2008)

150— DE—

® DATA
D CC coherent
E CC resonant &t

Other

B ccae

—

)

=)
|

Entries / 0.025 (GeV/c)

[4)]

0.4 - 6.5
Q2 (GeV/c)?

100

g
«— | In signal region:
e = Nobs = 139
oty | Nog=96.4+55

035 04 045 05

82 (GeV/c)?

16
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http://arxiv.org/abs/0811.0369
http://arxiv.org/abs/0811.0369

NC event selection

“neutral current”

e Require tracks contained in SciBar Vi NC
V A%
e Further cuts remove contained muons M\/ M
e MRD-matched events used for normalisation N)\)X
/ SciBar-contained tracks (~12k) MRD-stopped (~22k) \
cc | NC | cc |
muZ —"{u:)n
~ <
X X X
SciBar MRD SciBar MRD SciBar MRD
EC EC EC

/
[M(J Morgan O.

17
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NC 119 selection

Yoshinori Kurimoto

§150_— . SciBar _ EC MRD
Select 2 electromagnetic shower I8 '
pairs and reconstruct invariant mass. '
Model-independent signal definition. T
Clean 119 peak! R RN
L2000 ~ | * T e
% J( —  Data - Y , i
-100 '
E .NCTr0 I
AN | Bl il L] : -
; Int. BG with 11° 1507 v ol vaaa b ool iaaaliaaalvoiailiiailis
q:) Int. BG without 0 50 100 150 200 250 300 35(():m
€ 1000 |
LLI o Dirt
Extract ratio to CC-inclusive
o xsec, which can now be
e e converted to absolute xsec.
% 200 400
Reconstructed mmass (MeV/c?) Phys.Rev.D81, 033004 (2010)
Imperial College # [M(J Morgan O.
DPF 2011

Thursday, 11 August 11 18


http://arxiv.org/abs/0910.5768
http://arxiv.org/abs/0910.5768

NC coherent 'ITO

Phys.Rev.D81, 111102 (2011)
Use “vertex activity” to separate coherent

ﬁ

0
and resonant NC 19 events. n T
| 3 o(CCcohr™) 10.30 —2
with vertex activity 0 (O ].4: O 28) X ].O
3  Dem a(NCcohm9)
S
8 NG conerent ¢ Rati f CC to NC total
without § - NC other atie- o © otld
% | vertex % Hﬂ%m‘ Int. BG with 2.0 7
E llCtiUity L ::I;lt. BG without =
B irt .
& 1.5
> i
R :
£ 50+ 1.0 1 3
w | ] I
Jr © i/'90% CL limit et Tt
asd Nuro = === |
- f.’ Schullu—Paé_é?;: ------- -
i I
D-O-J"I""I""I""_
D 1 2 3 4
E (GeV)

S. Boyd, et al., AIP Conf. Proc. 1189, 60 (2009)

No model predicts a ratio of CC/NC coherent pion
production as low as our measurement.
e, g——————

Imperial College [SC'BOON E ] Morgan O.
e DPF 2011

Thursday, 11 August 11 19
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http://arxiv.org/abs/1005.0059
http://arxiv.org/abs/1005.0059

Kaon production

Gary Cheng & Camillo Mariani  Phys.Rev.D84, 012009 (2011)

MRD-Penetrating events

700

30

aso[-,,... HL —— MRD g - _ —MC
8Gev [ T 1 = “F - %K
Proton > = 4 o0 UHABHHIHIIHKHHARGY T1T] IS v from 11t art
€ i 1T | “ 4005— =
IJ 50 HHHH AR EEEE LT ] L i 3002— +
K+ :VE’) b A ook k V frOm K
oA T ] 100 7
_ o ] OO_l = HOOOW%&MO = 170100‘ — J&OOO
Ev (MeV)
High energy neutrll?os pdredomlnantly come from SciBar 2-trk Sample 6
aon aecay. S --Data
s F + —NC
Selecting MRD-penetrating events gives sample ¢ + AHT #i ZK
of high energy neutrinos. e * , ++
= A

Fit for kaon fraction, and tune Feynman scaling “

a'k,,
\Ei
\\k

production model. Reduces model dependence ‘°? //
.. . g P S PR
of MiniBooNE Ve BG prediction. % e
Reconstructed Muon Angle (degrees)
Imperial College * [SCiBOONE ]Morgan O.
v DPF 2011
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http://arxiv.org/abs/1105.2871
http://arxiv.org/abs/1105.2871

Vi dlsappearance

_MiniBooNE onIyL | Jomt analysis |

Kendall Mahn & Yasuhiro Nakajima Zﬁﬂﬁﬁé :ﬂl — .
e SciBooNE acts as a near oo . SELE"
detector for MiniBooNE v o _ oo L
oscillation search ot .====% ",
b 02 04 06 08 1 iz 94 ie s X S - RVY I R b e w
e Same neutrino beam, same _ "™
target nucleus (C) s
€
e Significant reduction in total ~ &
SyStematiC uncertainty 10:, : 90:%CLIi:mitsfrc:>m prev:iousex:p’s.
|

e Disappearance constrains Eoos

sterile neutrino models. N\, T |

e \World’s best limit in 5-30 eV?
range
arXIV11065685[heD-eX] 107 0;1 0;2 0;3 0;4 0..5 0..6 0..7 0;8 0;9 1

* sin20
Imperial College m Morgan O.
e DPF 2011

Thursday, 11 August 11 21

90% CL limit (Sim. fit)



http://arxiv.org/abs/1106.5685
http://arxiv.org/abs/1106.5685

Ongoing analyses

e CCmY Joan Catala

e Select muon events with
2 EM showers

e NC elastic Hideyuki Takei, Ben Jones

® select single proton-like
tracks

e (Cross section gives
access to As

e v, disappearance  ©artheng,
Warren Huelsnitz

® Need to understand
wrong-sign backgrounds!

Imperial College *
e DPF 2011

Thursday, 11 August 11

TOP VIEW .
CC n° candidate
Eﬁﬂ_— - M T
L ™ Bl H HH A
100 UL L
E @
50H o mlsnlnm
INNEASES I
L hy L HH
0F e i !_
L Ty |
i & Bmmm
504 | E_ g
-100F i T
|Pi0 Reconstructed Mass | Pi0_mass_data | =
Entries 308
F Mean 139111 T
70— RMS __ 96.67
- & DATA L
60 B Signal 350
» [ Bkg wi pi0 cm
r [T1Bkg wic pid
S0 [0 Externa | bkg
e ran: = o = b
50 100 150 200 250 300 2350 400 450 500
MeV
[ScuBooNE(] Morgan O.
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Growing Consensus

e \We need broad coverage ToK
= \lodel independent

SloOgooooe =
@lOgooe o
measurements at many : g_ﬂq - Argoneut
energies, nuclei oo % oopoes
g Pu 8 E||:|:||=:|=I':| MINERVA
* Move away from process e I g[BERee e
cross-sections B =
e o(QE), o(res x), o(coh m) l o
: x10™ T. Katori (MIT)
* Instead measure final state €18 o) L S
. . . g1 1 %_\ prelminary
particle cross-sections =10 g et e
e o(CC), o(u), o(u+p), o(u+m) 6 J T e o
i K e
m /f 013 is large, we need to e : o EES Gev)
understand these systematics —
In order to measure CP
violation! Same goes for NC...
| - [s iBooNE ]
Imperial College v OPF 2011 &( Morgan O.

Thursday, 11 August 11 24



’

6 analysis ‘?
publications and

counting

2\' Y

e SciBooNE has a unique, high
qguality data set in both
neutrinos and antineutrinos

= |mproving MiniBooNE
neutrino oscillation studies.

= Contributing to growing
understanding of neutrino-
nucleus interactions at 1 GeV

Y. Nakajima@MRD'installation '

There's more to learn!

Imperial College * SciBooNE Morgan O.
London # DPF 2011 Wascko

Thursday, 11 August 11 25
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Dongshin University
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KEK
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Indianad Universily
of Tokyo
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1y

ot

23

iy
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4
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I «

SciBooNE H

Groundbreaking ceremony (Sep.

Detector
Assembly
(Nov. 2006,

]
LL
o
(a]

| . ! .-‘:i

8 if / _|\/|ar.2007

2000)

Thursday, 11 August 11



SciBooNE Hlstory

Detector installation \_

r Students HAPF 2007)

contributed =3
significantly

s
......

Imperial College #

London DPF 201" : e |
Thursday, 11 August 11 28



Neutrino oscillation

Y .
W
Source
A Vo) =
%} A
— flavour
@ V3
S
Uel UeZ Ue3
0.058 atmospheric U=(U, Uy Uy |=
Uz U Uz
0.000| ™somEr——V2
g
OO
Imperial College #

Thursday, 11 August 11

e /\
A%
> W
Detector
E U(Xl Vl>
i mass
1 O 0 C13 0 S13€_i6 cro Spp O
0) Cr23 8§23 0 | 0 —S512 C1»2 0
0 =St _S13e—i8 0 C13 0 0 1

Pontecorvo, Maki, Nakagawa, Sakata

DPF 2011

[SciBooNE(] Morgan O.
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Flux Predictions

S — all S — all
= cf"(—\\ <
o " — vV 7
e G, 8 “ :
o y ' * 10
o - , o
[ . L -
e ; . e
S _ g
w 10 F - % 10
P : o

10

10

E, (GeV) E, (GeV)

Imperial College * SciBooNE Morgan O.
e DPF 2011
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Flux uncertainties p

® The dominant uncertainty:
hadron production cross section
from p-Be interaction.

e For m* production, use

measurements from HARP
(CERN PS214) to estimate the
central values and uncertainties.

0.06 <0_ < 0.09

_T* production cross section
i, 0.03 <0, <0.06 2000

2007

150F 150p

100H 1007

50H

8 GeV
Proton

o (=)
[$,} [<)]
T,

Flux (arbitrary unit)
-t -t -t -t
o
=Y
LTI 71T

o
w
T T,

> 0.7
0.6
0.5
0.4
0.3
0.2
0.1

05 "1 15 2 25 3 35
E, (GeV)

Detection
+ threshold

Fractional uncertain

Eur.Phys.J.C52:29-53,2007

DPF 2011

Imperial College #

Thursday, 11 August 11

-- MC cross section (Sanford-\Wang)
-- HARP data

-- Profile of spline interpolations

[SciBooNE(] Morgan O.

31



http://arxiv.org/abs/hep-ex/0702024
http://arxiv.org/abs/hep-ex/0702024

Neutrino Event Generator

Nucl. Phys. B, Proc. Suppl. 112, 171 (2002)
NEUT . OF

* Llewellyn Smith, Smith-Moniz

« My=1.2 (GeV/c)?

« Pe=217 MeV/c, Eg=27 MeV
(for Carbon)

CC total « Resonant 1T

i » Rein-Sehgal (2007)

i CC-QE « My=1.2 (GeV/c)?
DIS CC/NC-111

0.5 (include CC-multin) ° Cohe_rent T
' CC-resonant t » Rein-Sehgal (2006)

i M = 5
i ‘ M,=1.0 (GeV/c) D

- * Deep Inelastic Scattering
« GRV98 PDF
(b. | .iiii!;;;i!H;;!;:::s -Bodek-Yangcorrection

Total (CC + NC)

\

o/E (10°° cm? GeV)

* Intra-nucleus interactions

Also use the nuance generator.
Imperial College d L SciBooNE Morgan O.
v DPF 2011 [_4]

Thursday, 11 August 11 32




Past measurements

G.P. Zeller | G.P. Zeller

4 - 38 2~ —1
(107* cm?*GeV™")

Imperial College n [SCiBOONE ] Morgan O.
v DPF 2011

Thursday, 11 August 11 33




SciBooNE & T2K

3 - T2K
m -
e \ery similar neutrino &
energy between SB o |
and T2K off axis flux  N°* SCIBOONE
(O rate B &
e Measurements made € KZK
at SB are directly o
applicable to T2K! ‘;
X . —
o 1 2
Ev (GeV)
Imperial College # — [_(SCiBOONE ]Morgano.

Thursday, 11 August 11 34



CC-inclusive and QE
Cross sections

e CC-inclusive x-sec is larger,
while CCQE is roughly
consistent to NEUT.

e |arger CC-11r x-sec?

e Mismodeling of the FSI?
e \Work to do:

e CC-11m measurements

® Comparison with NUACNE
etc. (different FSI model)

® Comparison with
MiniBooNE (different
efficiency for p/r)

Imperial College #

Thursday, 11 August 11

=)

Cross section per nucleon in CH

1

=N

o/E (cm?/GeV)

-39
4x10
Prel I mln T * CC-inclusive cross
2_— section is NEUT-
- ! ' based
0 |
8- _ + {»
A G
4 ++
2 —=— SciBooNE CC inclusive —— SciBooNI.E..C;(.D.(.).Ié """"
B T NEUT CClincIusive T NEUT ICCQE I
% 0.5 1 15 2 2.5
E, (GeV)

Allows tuning of neutrino interaction model in

the 1 GeV region including the FSI

DPF 2011

[SciBooNE ] Morgan O.
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5000

1 v(right sign)

]
g{v (wrong sign)

L

4000

T

3000

T

2000

in MRD
stopped sample

\_

10005— / | N\

v _|/
E (GeV

: v (wrong sign)

Imperial College #

BG (EC/MRD events)

Thursday, 11 August 11

700'

600

500

400

300

200
100F

ok
O 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Ev (GeV)
1-track w/o activity sample

~90% V purlty
(v CC-QE: 80%)

Prelimin +

vV (wrong Sig n) '

DPF 2011

| SRR LA LA R A N | I\I
D,
[Tl

(e\'\“‘\w

:a&\

Ni% ) event

~90% v::purlty
(v CC-QE: 75%)

EPrellmlnary

20-
15f
10|

5-

4 0tete stetele e 0 iTeTerete et 00 Toe,

ol L B R e ] &
O 02 04 06 08 1 1.2 1.4 16 1.8 2

Ev (GeV)
2-track QE-like sample

[sciBooNE(] organg.
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Appearance v. Disappearance

Testing appearance signals with disappearance measurements

-

\_

Vu—Ve dppearance

P(v, — ve) = 4{Ue4|2IUM4\2]sin2

1.27Am3, -

T-

~N

\

-

Ve disappearance

Plve > vy) =1 — 4[Ue4|2(1 %|Ue4|2Jsm

vy disappearance

P(v, - vy) =1— 4[ wal? (1 — |U,,J4:|zﬂsm2

2 L
1.27Am41 E

2 L
1.27Am41 E

J

Vy—Ve appearance probability can be constrained by ve and v,

disappearance measurements.

FJE

Imperial College
e DPF 2011

Thursday, 11 August 11

[SciBooNE(] Morgan O.
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CC Interaction rate

e Extract CC interaction rate

E 2'5: ; éRate norrinalized to NUANCE normalisation factor
g - --e oo Rate norrﬁalized to NEUT S _
© 2 mm MG totalerror 4 NW’; predlcte? # of
o i l -~ I MC flux error R, — fi - i S events
— -l ; ; ; T — .
© _—I—' MC Xsec error Intebrated €; \ |
g 1 .5 __ ....... T ...... |_I_'_I_l ............... ‘I' .............. LA alwcu..... . Purlty
_ —— S T ; . .
g T I S ay— ) Efficiency
SOOI
R L5 SRR .
E e s R oo e This is product of
2 - - :
Sags (flux) x (cross-section)
o 0.5¢
0:' R R Direct input for this joint v,
0. 1 1.5 2 \%.5 disappearance analysis
E, (GeV) Phys. Rev. D 83, 012005 (2011)
Parameter fo f1 Jo IE Ja I5
E, range (GeV) 0.25-0.5 05-0.75 0.75-1.0 1.0-1.25 1.25-1.75 1.75+
Imperial College # OPF 2011 [M(J Morgan O.

Thursday, 11 August 11 38



MiniBooNE prediction

Fractional error

g_, —— MiniBooNE det. err. :__:"J // SCl BooN E data

R L EEE T c-)'fé_ — Total er. Flux/X-sec and total
. MiniIBooNE-only # — Fucxsecen ~i"}/|error constrained by
+ Flux/X-sec and

total error

0.153
o1 MiniBooNE
005 detector
N Y Y- R 1R WO R reSpOnse error

Reconstructed E (GeV)

—

Successfully reduced flux and cross section errors to the same level
as the MiniBooNE detector response errors.

Imperial College * [SCiBOONE ] Morgan O.
v DPF 2011

Thursday, 11 August 11 39




Oscillation
probability

e Oscillation reaches
maximum at the first
oscillation peak,

ethen washes out at high Am?
by integrating over neutrino
energy.

eSince we compare the MB
flux with SB, P(MB)/P(SB) is
the expected signal.

e Sensitive to oscillations In
0.5 <Am? < 30 eV-,

Imperial College #

Thursday, 11 August 11

vy survival prob. for the total # of events

A m? [eV?]

Sensmve region

—P(MB)/P(SB)

A m? [eV?]

[SciBooNE J Morgan O.
DPF 2011

40




—e— Data A M = 1.00, sin”26 = 0.20

S p € Ct rum fl t Null oscillation AW’ =3.16, sin'20 = 0.20

A M? = 10.00, sin®20 = 0.20

re S u I t Best fit A M? = 31.62, sin®26 = 0.20

_ Old data (5.8E20 POT) New data (0.8£20 POT)
Fit both MiniBooNEnew 5§ & St 1
and old data T oy B
Best: Am? = 41.7 eV?, sin220 = 0.51 ot * o
X(null) = 41.5/32(DOF) e y -
y2(best) = 35.6/30(DOF)
A= x2(null) - x2(best) = 5.9 VwwwwLmuiel  Swseapmurd

oa ENU(GEV) new. ENU (GEV)

Ax? (90%CL, null) = 8.4
(estimated by simulation)

1.3[

e
w
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[y
N
LI L

1.2f

1.1f

—t
.
—t

No significant oscillation
signal observed.
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o
©
TTT T TT

0.9}

Small data/MC discrepancy found,
but doesn’t match oscillation

0.8

Ratio to null oscillation
Ratio to null oscillation

o
o]
T T 11

N »
—

» _l L1 I 11 |I|||I|||I|||I|||I||| L1l L1l L -l L1 I L1l I L1l I L1l I L1l I L ||I||| 11 L1l L
sianature 002 04 06 08 1 12 14 16 1.8 0 02 04 06 08 1 12 14 16 1.8
g . Reconstructed E, (GeV) Reconstructed E, (GeV)
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Simultaneous fit result

3000
2500 . le-
2000

1500 -e-
1000 m

W
a
(=]
|||||||||||||||||||||||-||||||||||H°| TTTTTTTTT
L]
1

SciBar-stop

PR BN A A B A
0552706 0.8

1

TN B L1
1.2 1.4 1.6 1.
Reconstructed E, (GeV)

I:IIIIIIIIIIIIIIIII 1
8 04 06 08 1 12 14 16 1.8

Reconstructed E  (GeV)

Best: Am?2 = 43.7 eV?, sin?20 = 0.60

x4(null) = 45.1/48(DOF)
x4(best) = 39.5/46(DOF)
Ax? = x?(null) - x?(best) = 5.6
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—e— Data

[::] Null oscillation

------ Non-CCQE events

T

Best fit
A m?=1.0 eV?, sin20 = 0.5

o

©
I|IIII|IIII|IIII|III

°

o.eg—

NI R R B
1.2 14 1.6

Ax? (90%CL, null) = 9.3
(estimated by simulation)

No significant oscillation
sighal observed.

P
1.8
Reconstructed E, (GeV)
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