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‘Neutrino oscillation

IF neutrinos have (different) mass,

states are a mixture of the

v source

mass states

[Sci\BuuNE(]

Flavor Mass
eigenstates - eigenstates

Vil o cos@ sind 1/1.'--_-m1
_V/,a'_ —sin@d cos@ \v, )---m,

v detector

P(v,—>Vv,)=sin"20-sin

,1.27-Am? - L

14

2 fundamental parameters
- Am? © period

- 8 < magnitude

2 experimental parameters
- L = distance travelled
- E = neutrino energy 4



Neutrino Oscillation = |sdieoeg
expemmen’rs (1998~) : :

Neutrino masses (Am,,%, Am,,?)
Mixing Angles (0,,, 0,;)

Main
Injector
Neutring
Oscillation

Search

- VENOS 5

KamILLAND


http://www.sno.phy.queensu.ca/images/man_on_deck.GIF
http://kamland.lbl.gov/Pictures/pictures/KamLAND-detector-ill.jpg

=0 ¢; sy,

0 -5 &

atmospheric ~ Cross Mixing

& Discover the last oscillation channel
= O3
% CP violation in the lepton sec’ror@
= d
¥ Mass hierarchy
= The Sign Of Am232
% Test of the standard v oscillation scenario (Uyys)
= Precise measurements of v oscillations (+Amy;2, 0,3) .




[ SciBooNE
Prmcuple of accelem’ror - {_4
heutrino oscullcmon experiment

Intense beam OSC J[IOI

. -V, V, V, V
sessssnnsgannnnnnnns ............: ........ L O 2

Gigantic detector

VYV

F , : — - - afin
- / ~
-
e e [ Pl A e R S
107 10% 10~T 108 101 162

Neutrino Energy Neutrino Energy

| \l o(E)-®,"r(E) < o(E)-D,r(E)
M|n|BooNE K2K-ND
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Neutrino-nucleus cross sections

Future neutrino oscillation experiments need precise
knowledge of neutrino cross sections near 1GeV

oee/E, (107 cm*/GeV)

1.00—
0.5 —
0.50—

0.25

L I I

0.1

0 CCFRR . .
O AL 17 e ¢ Data from old experiments
® ANL 12—feet (1970~1980)
5 * L ow statistics
« Systematic Uncertainties
Total CC _ :
S s * New data from
7itm K2K & MiniBooNE
el el revealing surprises

| MINOS, NuMI
K2K,-NOVA

< >
Super-K atmospheric v 8




SciBooNE experiment
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[SciBnuNE(]
| SciB‘ooNE (F‘NAL E954) expéﬁimen’r -

100 m . g 440m

* Precise measurements of neutrino- and
antineutrino-nucleus cross sections near 1 GeV
 Essential for future neutrino oscillation
experiments
 Neutrino energy spectrum measurements
* MiniBooNE/SciBooNE joint v, disappearance
* v, constraint for MiniBooNE

10



2 — ‘ Booster Proton accelerator
— 8 GeV protons sent to target

Target Hall

— Beryllium target:
7/1cm long 1cm diameter

— Resultant mesons focused
with magnetic horn

— Reversible horn polarity

50m decay volume

— Mesons decay to u & v,

— Short decay pipe
minimizes u—v decay

. SciBooNE located 100m from
the beryllium target

T By

SciBooNE

Booster

Decay
region

Magnetic

focusing horn Absorber




Booster Neutrino Beam (BNB)

Expected neutrino flux at SciBooNE
(neutrino mode) ;

—
o,
o

~« mean neutrino energy
~0.7 GeV

Flux (flem’/25MeV/POT)
ol

~ *93% pure vu beam
| - anti-v, (6.4%)
« v, +anti-v, (0.6%)

-t

=)
L
o

10™ :

e antineutrino beam is
obtained by reversing
0 1 23 “E (GoV} horn polarity

12
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SciBooNE detectors

Muon Range Detector
(MRD)

« 12 2”-thick steel
+ scintillator planes
* measure muon

momentum with range
up to 1.2 GeV/c

Parts recycled from
Past experiment

Electron Catcher (EC)

* spaghetti calorimeter
%v : 2 planes (11 XO)
: P . 0]
DOE-wide Pollution Prevention ldenTIfy n° and Ve

Star (P2 Star) Award Used in CHORUS, HARP and K2K 13

( SciBar

» scintillator tracking
detector

» 14 336 scintillator
bars (15 tons)

* Neutrino target

* detect all charged
particles

* p/m separation
using dE/dx

Used in K2K experiment




T T T ——
WLS fiber readout

Scintillators are the neutrino target
3m x 3m x 1.7m (Total: 15 tons)
14,336 channels

Detect short tracks (>8cm)

Distinguish a proton from a pion
by dE/dx

SciBar Detector

Multi—anode
(64 c:

PMT

_ Wavlexlength )
shifting fiber

14




Frontend board
Light injection - ear fiber
module Gdch

64 cha;'ge info..
.2 timing ‘info.

WLS fiber
Gy Holder

Extruded cookia

scintillator \

Detector structure

64-channel Multi-Anode PMT
-2x2mm? pixel (3% cross talk@1.5mm®)
*Gain Uniformity (20% RMS)

Extruded Scintillator (1.3 X 2.5 X 300cm?)
- made by FNAL (same as MINOS)

-Good linearity (~200p.e. @6 X 10°)
Wave length shifting fiber (1.5mm®) Readout electronics with VA/ITA
- Long attenuation length (~350cm) « ADC for all 14,336 channels
- Light Yield : ~20p.e./1.3cm/MIP * TDC for 448 sets (32 channels-OR)



‘Electron Catcher (EC)

“spaghetti” calorimeter
1mm diameter fibers in the
grooves of Iead foils

4x4cm? cell read out from both ends

2 planes (11X) .
Horizontal: 32 modules

EC Vertical Plane |

Vertical : 32 modules R = : [l
Total 256 readout channels wfi
PEa oo . 500/ [ 4
Expected resolution 14%/{ E Eo]
Linearity: better than 10% o |
. . 2ﬂ|:l_— I "|__
dE/dx distribution of vertical s — s

‘plane for cosmic ray-muons



‘Muon Range Detector (MRD)

A new detector built with the used
scintillators, 1ron plates and PMTs
to measure the muon momentum

up to 1.2 GeV/e.

View:1, Layer:3, Side:0 Mean Efficiency = 99.44%
&
A A P N R R T e
& . oy I L W £ ¢
T T N T AT T T
[ . |
= RIEBITEN : LD Tq
] e i | \ | |
0.6 I
U.4_

- Y r sl [ Mo .
0 100 -E0 ) 50 100

Hit efficiency of a typical '
horizontal plane 17




Mar 18, 2008

o countrles 17 mstltutlons
~70 phyS|C|sts

SciBooNE Collaboration

[SciBuuNE(]

_-Unlver5|tat Autonoma de Barcelona
sUniversity of Clnclnnatl

‘University of Colorado, Boulder
*Columbia University
sFermi National Accelerator Laboratory

'8 -High Energy Accelerator Research
§ Organization (KEK) . .

«Imperial College London

*Indiana University
Anstitute for Cosmic Ray Research (ICRR)
" *Kyoto University

‘Los Alamos National Laboratory °
*Louisiana State University
*Purdue UnlverS|ty Calumet

S5 .Universita degli Studi di Roma "La Sapienza”
«Saint Mary's University of Minnesota
*Tokyo Institute of Technology

-Unversidad de Valencia

Spokespeople
M.O. Wascko (Imperlal), g b Nakaya (Kyoto)

18




SciBooNE History

® 2005,
® 2005,
® 2006,
® 2006,
® 2006,
® 2007,
® 2007,
® 2007,
® 2007,
* 2007,
® 2008,
® 2008,

{SET %unNE(]

Dec - Proposal

Jul Detectors move to FNAL
Sep - Groundbreaking ﬁs £

Summer - Collaboration formed o
' (o]
]

2 ;
b/ e
=/ .
% =
=
.
< ! B 5
L1
'

Nov - Sub-detectors Assembly
Mar - Cosmic Ray Data-taking
Apr - Detector Installation
May - Commissioning

Jun - Anti-Neutrino Data Run

Oct - Neutrino Data Run
Apr — Anti-neutrino Data Run
Aug — Run-end

Foes



. . . [SciéunNEé]
SciBooNE History

Ground breaking ceremony (Sep. 2006)

Detector hall constructed
(Feb_. 2007)
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SciBooNE History

Detectoi~ assembly (NoV. 2006- Mar. 2007)

A= —

| : i
i i 'S - o 5
”\ . T I3
i
- ."-
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SciBooNE Hisfbry &

Detector installation (Apr'. 2007)
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| Dafa-‘raking '

umber of Protons on ’rdr'ge‘r (POT) -

- = Delivered
o mmme For analysis

N
I

« Jun. 2007 — Aug. 2008
.............. ¢ * 95% data efficiency
« 2.52x1020 POT in total
* neutrino  : 0.99x10%° POT

Protons on target (x1E20) Z

—
T | T T T

~ 30 o [ no: 20

2 [ CC event rate in SciBar gn‘rmeu’rr'lno _1.53x_10 PO_T

© 20— 1 o o

B vl Preliminary results from

g B “ full neutrino data set
-V V. are presented

Jun‘07 P Aug ‘08 ' _ | | 23
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‘Event displays

e — —— ® ADC hits (area>charge)
1ﬂl ' , TDC hits (32ch OR)
i Il Real SciBooNE Data = =
150
i i a1
- ]
| = Bl
i - s ]
0 S e
0 = o e
: i %m' i |
a & I
i (e
-100 "1002_ ‘ ‘ ‘ ‘ ‘
S L. N
R S R S WS “50 0 50 100 150 200 250 300

-50 0 50 100 150 200 250 300

‘anti-vy CC-QE candldate i Gl -QE candidate’
ST v A 1 0 ) AR A (v ytNn=>p+p)

F50s



S i {SciBnaNE(]
;Even’r dlsplays i

OP view SR - SIDE V|ew

1801 pLuloinin 150
. 100 |Real SCIBOONE Dat
.
: 50 i 1 E
i o
(U :
0 i of
i | )
-50 -50|-
1K1 :
1111 -
100 i A00f
| | I | | B i
-150 I\|| 1 \|I I ||| \|| L -150_ i
50 0 50 100 150 200 250 300 -50 0 50 100 150 200 250 300
‘Many tracks; -

. %28



Preliminary results

Prepmmm—
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. . : [SciBuuNE(}
SciBooNE Analyses -

% Cross section measurements
= CC-17* production
= NC-7° production
= CC-n° production
= CC-QE scattering
= NC-elastic scattering
= Anti-neutrino cross sections

% Neutrino energy spectrum measurements
= SciBooNE/MiniBooNE joint v disappearance
= Beam ve measurement for MiniBooNE

-~ Will be covered in today’s talk

27



. [scigmmeq
CC-1n* measurement in SciBooNE

Charged current single charged pion (CC-17*) production

CC-resonant n production T |
] . often not
: * VD D UHPHT v reconstructed

* v+ 2 u+h+mt n
CC-coherent n production o 2
v+C 2> u+C+m* ﬂ\ Small Q

signal
2 MIP-like tracks (a muon and a pion) -

o



Why we measure CC ln

% dominant background interaction
for v, disappearance _

¥ T2K needs to reduce uncertainty :
of nonQE/QE to ~b% | ol

0

v, disappéar.ance
measurement error
(909%CL)

— stat. 6n|y
— 3(NQE/QE)= 5%
— 3(NQE/QE)=20%

—
Q
o

(/50MeV /22 5kt/5yr)
(8] |
(=] (8]

“non-QE events”’
{mainly CC-17)| -

f

[scfauuNE(}

e T2Kv event‘s
i
|

(MC)

f
iy, bt gt

0.5

1 15 2
Ev’® (GeV)

d(Am?2)

d(sin2 29)

3 4
Am? (x10™ eV?)

2 (x10° eV?) 29



' ' | L _{Sci.BnnNEe]
CC-1n* event selection

. Define MC
normalization

- Number of tracks g .
from a common vertex —

)

Sy .

- Particle D using dE/dx

| CCQE rejéc’rion using Usea ~'.for.'

non-muon track direction (A8,) LBl by )
S s TR e s background
ey S SR e .- estimation

30
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CC-inclusive sample

( Neutrino energy spectrum measurement
using CC-inclusive sample

/SciBar'-MRD matched event (~30k even’rs)\

EC

SciBar

N

MRD

N

N

N

muon

EC
SciBar MRD

—’/

muon

—

MRD stopped eve_n‘r (~22k events)
(muon contained in MRD) /

93% pure CC-inclusive sample

31



G o [Sci\BuuNE(]
CC-inclusive sample

Muon kmema’rucs of MRD s’ropped sample

Enties  oteez] 1400 (Eniies 21667 ] )

180[‘) E D Other 1200 D Other y 4 NakaJ | ma

1400 &E" -
o F.Pl_ v NG 1000 ¥+ NC

1200 B3+ cc other - E=v co othar

i ‘ @'{)\/ v CG coherent 1 800 i = v GG coherent n (P )N 50 M v/
i = s - CC rosonance n 600 ~E=p e\ v GG resanance n ] l"l e C
BOO o pEeee = [ e o -

s Y, E==] v CCOE 00 o N == S =]~ coaE O 9 d
ﬁ wf B =B e, c(6p)~0.9degree
g bl gl M,=1.1 GeV/c?
TR R A T i ¢ T R (] 10 20 30 40 50 60 7 80 80 A-+

Pu (GeV/c) Ou (degree)
Reconstructed Ev assuming cc- QE

Entrizs 21667

MC is normalized to

2"::; o Clove SciBar-MRD matched sample
10 e coamaon The sample is used to get

ot £ ol neutrino spectrum

200 for v, disappearance search

05 1 1.5 5 ‘2% 3

32



[SciBuuNE(J
-CC- ln evenT selec’rlon (conT d)

Particle ID using dE/dx - = |=aiected =S

10° Ef: =

Construct “Muon Confidence Level”
to separate proton from muon/pion

. 102 |:| others

MuCL distribution

of 2 track 0 _

| | _ MucCL

CCQE PeJ@CTIOh based on A@p 150:_ G Bl selec‘red @i:h:iﬁﬁ

Muon track c:c resonant

[ ]vne
N N ‘ i E" CC other
A0 /'k‘ Observed 2™ track sol- ' " \"(\ON
Expected proton track

direction assuming CCQE 20 40 60 80 100 120 140 i' 180
CCQE contamination 20%>13% | Abp (degf‘ee)
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CC-1n* event candidates

\ 97
>
\

TOP VIEW

§s0

100

-100HHH T

-150

SIDE VIEW

TOP VIEW

SIDE VIEW

100 iSRRI

-100 iR

SO HHEHHHAHRHIHH R HHH
ob el KRRt

-50 HHIHEHHIHHHAH

Sciar - MRD

coc b been e Lo ot Tt

| &g T

G50

1| | 100

50

0

-50

100+ Lililigil | -

-150 1 N I I B I |

gso

SO HHIHENCTRHH A HEH A
oF AT

-S0T HHIHHHHIRH I HIHH I

15000 1

T EEEEE vk A e S50 b b b b b e L

TR | 8seF

MM | soof AR

il 50-

sol il "

iljnkitfrtanha ':%““““:"
IEHIE | o | T
Il - M H Nnmon

L

11 11 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

1 11 1
50 100 150 200 250 300 350
cm

50 100 150 200 250 300 350

cm

vn—> unm candidate

.. vp> upn candidate

34



[SciBunNE(l
CC-1n* sample '

800 , af { |~ =| = ~80% pure p+r sample -
& : mg{\ CC-1n* fraction in the sample
§ W}Z\k vp > upm 34%
Q 600 (% vh 2 phn 11%
5 E CC-coherent n = 15%
Sl - 43
S AEE Observed DATA deficit
% ,-,t, E v CC other |n IOW Q2 r'eglon
>
W 900k B v ccaE
Separate CC-coherent n
from CC-resonant =

—:T;' 050800y i L
| | 1St
S S g Q2 (Gev /oy using its characteristic

assuming CC-QE kinematics
35



‘Extracting CC-coherent n

[SciBnuNE(J

Direction of the pion track

15;‘k|nory <_I Entries 1879
§ | selected

50

SEiE=

20 40 60 80 100 120 140 160 180

Pion track angle (degree)

Vertex activity

Low energy proton
is identified as a

large energy deposit ..--.
around the vertex

Events with a for'war'd-gbing
Pion track are selected

selected

150— Entries 1354

Ao

_CC-coherent &t

_ Ener'gy deposu'r (MeV) 36



[SciBunNE(l

Final CC-coherent n sample

150 — . ()f/
(V]
° Lo s f
S ¢ )r)f’z
S 3
O 0k
1O SiE
N
O
O ;"'::
} ;‘:‘;-::
+— =zziz=
<
Q
>
w

Entries 425 * Systematic error on

E anti-v

v NC
E v CC other
B v cCQE

Reconstructed Q2 (6eV/c)?

CC-coherent =

Efficiency 13%

Purity

40%

v CC coherent

E v CC resonantm

background estimation -
is not included yet

Observed CC-coherent =
sample in SciBooNE
contains fewer events
than our MC simulation,
which is based on the

=&. Rein&Sehgal model (2007)

S



SciBooNE sensitivity to sopantig

c(CC-coherent n)/c(CC) rd’ri_o
( SciBooNE sensitivity . .

c(CC-coherent n)/c(CC)~0.3x10-2 (*)
(sensitive down to ~10% level of the MC prediction)

*Included only detector systematic error

| o(CC-coherent r) sensitivity |

E 2 . .
8 I Rein&Sehgal (2007) ** Interpreted from cross section ratio
5 | using o(CC) prediction
T NEUT prediction _ ;
s'g - l(a.«:\\l/;r:g:g:uv:; MiniBooNE NC-coherent 7°
o T (<Ev>~0.8GeV)
K2K 90%CL(**)  Phys.Lett.B664,41(2008)
0.5 v PRL95,252301(2005) (NC-coherent n)/(NC exclusive n°)
i . ] =(19.5+/-1.1+/-2.5) %
I A — SciBooNE sensitivity(**) 65% of the Rein&Sehgal model
0 Y AU o T S O S S
0 (stat. only) 2 £y (GeVS o



SciBooNE Sen—si’rivi’ry- to

ScuBooNE sensmvn‘y
c(CC-coherent n)/c(CC)~0.3x10-2 (*)

[Sci\BuuNE(]

“o(CC- coherem‘ n)/ G(CC) Ed‘rlo

(sensitive down to ~10% level of the MC prediction)

| o(CC-coherent

s Final result will be published
next month !l

=
3
|

o (x10* ecm?/ nucleo

pSsS section ratio

-—

3 erent n0

| T (<Ev>~0.86eV)
- K2K 90%CL(**)  Phys.Lett.B664,41(2008)

051 v PRL95,252301(2005) (NC-coherent n)/(NC exclusive n°)
- ' =(19.5+/-1.1+/-2.5) %
I N — SciBooNE sensmvn'y(**) 65% of the Rein&Sehgal model
! ! | ! I
K (s'rat only) 2 e (Gev? B
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'NC-n° measurements in SciBooNE

0 0
Neutral Current n” ( NCn™ ) NC i is the main background for

" v, to v, oscillation searches

Ve signal v

B e

electron

- | Background:

Gamma from °
mimics v, signal

T
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NC-r° signal & background

( NC-n0 candidate

1T 1T T
T SciBar

Experimental signature

2y from n°
« 2 tracks in Fiducial Volume
« Disconnected
* Both tracks are not p, p

Backgrounds

Ul

Internal BG

ex. CC-QE V -------- P>,

External BG ~ //6\/311

ex. Dirt 7/ .
/ v

\
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| Muon rejec"rion with decdy'elec’rhon '

Time difference between track edges \B‘~> |
_ Y. Kurimoto . | e decay e
v selected  +DATA e R iR R
'E Time A ' >
(= e P

" TimeB \(“__’W
At = (The latest) TimeB - TimeA

Most “no decay” events are

0 500 10001 SO 0NN 2 500000 3-S5l OO S0 S0

At (ns) " inthe region <100 ns (firsf bin)

- Reject 66 % of decay-e events

*Keep 95 % of no decay-e events
_ _ s
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‘70 reconstruction at final sample

Reconstructed mass : - S ~
e e : “Reconstructing invariant mass
Y. Kurimoto : : )
1407 ~using 2 tracks in SciBar
after all event selection

1200

. Clear n° mass péak-! ¥
~850 events selected
~460 ¥ events (NC)

60 ek e

. Cosmic :
401 En s |
20} ' ' '

T = = b . "
-)-Cross section measurement

100f

80

|||||||||||||||||||
% 50 100 150 200 250 300 350 400 450 500

M, (MeV/c?)

o
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Summary

% SciBooNE measures neutrino and antineutrino
cross sections near 1 GeV

% CC-1r* measurement in SciBooNE
~ Essential for future neutrino oscillation experiment

+ Observed fewer events in CC-coherent © sample than
prediction

# The result on CC-coherent pion production
will be published next month

% Results will come soon

= Many analyses (CCQE, CCn® NCn°, NCelastic,
v, disappearance, v, measurement etc.) are on-going

= Antineutrino measurements

44
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‘Booster neutrino beam

Néu’r‘rino mode v ‘Antineutrino mode

=10 ~10
O (@]
L L
s s

-10 10
10 &10
o o
£ £
S S
> >
= =
10! 10

—
Q
~

—
O|
@

fo



-Neud"r_'r'i-no énér*gy dié}‘rribdfioh_
‘(cross section weighted)

i {SciéuuNE(]

Néufrino mode i ‘Antineutrino mo‘d-e' s

- 5000
50001

i 4000F
4000f ‘ -

- + 3000
3000[ -

_ 2000} 20001

1000 ' 1000:

0 0.5 1 1.5 2 2.5 3
Ev (GeV)

gyt
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'NEUT simulation

% QE

=

Ng Total (CC + NC) = Llewellyn Smith
54 = Smith & Moniz
S CC total = M,=1.16eV/c?

w = P=217MeV/c, E;=27MeV
°© | CC-QE DIS % In

05— (include CC-mutlir) = Rein & Sehgal

CC-1r w/ lepton mass corr.
= M,=11GeV/c?
& DIS
NS CC-Cohereltr = GRV9S8
1 2 3 4 ~
E, (GeV) = Bodek & Yang corr.

¥ Nuclear effects

48



Muon kinematics of MRD stopped sampl

o0 Emes _ zieer]  1400F [Entres 21667
:zg - AL, [Jotner 1200F- @3‘0 [Dotner
200 : - Ve 1000 = vINC
! B3~ cC ather - = 5 B~ 0 ather
1000 800
200 v GG caherent n = v CC coherent &
200 v CC resonance 600 + CC resgnance x
B vccae 200 "0 E=vcoaE
400 =
00F- 200~
i 1 1 L
02 04 06 08 12 14 16 18 ¢ O 10 20 30 40 80 60 70 - 80

80

Pu (GeV/c) - “ Bu(degree)

[sciammed

‘CC-inclusive measurement

Y .Nakajima

o(Pu)~50MeV/c
o(6u)~0.9degree

M, =12 GeV/c?

= Entries 21667 | 14U I
o = 120 :
1200F- e P 100 ‘;:: é‘”
8COfE- 600 ==
600

g 400
4CO;— <
200 200

O % 10 20 30

/ MiniBooNE Pauli blocking parameter x=1.019

e

= "'\Ory

Entries 21667 |

Ou

40

\ | - Better agreement! /49_

50 60 7 80 90




[SciBunNE(l

# of tracks from the vertex
(MRD stopped sample)

|Track edge distance (r)|

2000 Entries 15923

2000

15@‘ Entries 21762
'xm'x'(\(f‘( | B o

E v GG mesonanin

v GG cohsrenin

% v GG ofher

v MG

% anfi-v

BG frem EC/MRD

1000

Muon track -
5000 —

vertex

T ' [ B B
4 '5 ‘E T

Number of tracks

50
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CC-1n* distributions

Muon momentum Muon angle
400~ Entries 1879 : Entries 1879
[ 300_
3I]l]:—
[ 200-
2001 I
100 1l]l]:
00 0.2 04 06 08 1 1.2 K ' 10 20 30 40 50 7l] 80 90

Pu (GeV/c) 6 (degree)

2nd track length 2nd track angle Opening angle

200 I =
L Enfries 1879 - Entries 1879 Entries 1879
150— B
|:’ v CC ccherentn n -
150 i

, (J\v(x\/ E v CC resonant :
(\ E anti-v 100
[ Jvne i

°

ol 8|

1u|:|:—
Ev CC other i
B ccae S0

S s g _ u
Track length (em) Track angle (degree) Opening angle (degree)



CC-coherent © sample

Muon momentum Muon angle

Entries 425 i Enfries 425

50}

ST R
- E anti-v
I [ ]vnNe
50 E v CC other

B v ccaE

%02 04 06 08 1 1.2 14 ~10 20 30 40 50 60 70 80 90
Pu (GeV/c) B (degree)

52



CC=1rw*

event selection summary

_(_.ﬂgf’_\/

{SciBuoNEd

2\ DATA MC VP> upT vn>unm Coherent =«
J’/“j
v efficiency | efficiency |efficiency
Generated in FV 140,033 100% 100% 100%
MRD matched 30,337 30,337 25.4% 24.2% 49 4%
MRD stopped 21,762 21,041 18.5% 16.7% 36.7%
2 track 5,939 5,898 8.2% 5.8% 19.0%
u+n (MuCL>0.05) 2,255 2,388 3.8% 4 8% 15.8%
A0,>20 degree 1,879 1,972 3.4% 4.3% 14.1%
CC-resonant =«
e vpupn  34% Backgrounds .
cvn>unn - 11% CC-QE 13%

CC-coherent n 15% CC-multi & 12%
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CC coher'en’r e ;
_ evenT selecflon summar'y

: 4 oﬂ : Coherent n | Coherent =«
_ omlﬂ » ,
. o\\ = efficiency | purity
pre |
Generated in FV 100% 1.5%
MRD matched 49.4% 3.5%
'MRD stopped 36.7% 37%|
2 frack 19.0% 6.8% |
p+m (MuCL<0.05) 15.8% 14%
6,720 degree. 14.1% 15%
0.<90 degree 13.4% 19%
No vertex activity 12.6% 40%
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1track sample
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2track p+p sample

P, (2track p+p) 0, (2track p+p)

EI:I:I:— _‘ Enties 5388
4lII:—
200
'Ju- . =i 1.4 10 20 30
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SRR Y O SciBooNE
Q? resolution of {_4 |
‘CC-coherent © sample

o E v CC coherentn
E v CC resonant n
E anti-v
[ ]vne
! E v CC other
50—

E‘f CC QE

e R S
: : | ﬂ’[rn::}l-u“[trun} (Gevic)® |
"~ Q2 resolution of CC-coherent & events
‘Mean: -0.024 (GeV/c)?
‘Sigma: 0.016 (GeV/c)*
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K2K result on CC-resonant r*
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