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Introduction

[SciBunNEd

Charged current single charged pion production (CC-1x*)

/Motivation %1 ol | Expected\
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Neutrino interaction sdlivoEg
simulation (NEUT)

Target material: CH
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Event selection

SciBar-MRD
matched
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MRD stopped
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# of tracks
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7.7x10"° POT neutrino data (77% of collected)
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p/m separation
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>2-track
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Number of tracks from the vertex

Muon track MC is normalized by the
number of SciBar-MRD
vertex [ # of tracks from the vertex | Matched events
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p/t separation

Muon track sample
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Make Muon Confidence Level (MuCL)
to separate MIP (muon and pion) from proton 6
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MuCL distributions

(2"9 track in 2 track sample)

=

others

3221

T
SRR

0.2

0.8 0.9 1

0.7

0.1

MuCL

98%
= 74%

iciency

Muon eff

iciency

Pion eff

7.2%

Proton mis-ID as MIP



[SciBunNEd

QE/nonQE separation

AOp ... opening angle between the 2"
track and the expected proton
track assuming CCQE
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Summary of event selection

[SciBunNEd

ARTINALLAR DATA MC|  CCnt
normalized purity

MRD matched 23,737 ﬁ 23,737 25.6%
MRD stopped 16,926 16,248 27.1%
2 track 3,221 3,294 39.0%
u+7n (MuCL cut) 895 1,077 58.8%

'
non-QE (A6p>25 degree) 655 ﬁ 795 65.5%

* ~700 events selected
e ~20% DATA deficit!
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[SciBunNEd

CC-11* event sample
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Summary

CC-1nt cross section measurement is important
for future neutrino oscillation experiments

First look at CC-1r* events in the SciBooNE
neutrino data

~20% DATA deficit (no systematic uncertainty yet)

Further study is on-going
Improvement of 2" track reconstruction
Search for additional proton track (or activity)
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Backup slides
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[SciBuuNE(J

SciBooNE Experiment

100 m . 440 m

SciBooNE (FNAL E954)

Intense ~1 GeV neutrino beam at Fermilab
Fully active scintillator tracking detector (SciBar)

=» Precise study of neutrino-nucleus cross section
in the 1 GeV region
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SciBooNE Detectors @

[SciBunNE(]

4dm

Electron Catcher )
(EC)

Detector (MRD)
Reuse materials from
past experiments at FNAL

>Used in K2K

SciBar
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SciBar/EC Detector

 Extruded scintillators with
WLS fiber readout

« Scintillators are the neutrino target
* 14,336 channels
« Detect short tracks (>8cm)

« Distinguish a proton from a pion
by dE/dx

e Total 15 tons

=» Clear identification of v interaction
process

- EM calorimeter to identify n°/ v,

Multi—anode
PMT (64

shifting fiber

L M I i
ERt ool oM,
I I b
i T I I

I I T
I I T

‘ “ I I I
I I

T T

i "
1 i el
i b
|

_Wavlexlengthg

15




[SciBnaNE(]

A new detector built with the used
scintillators, iron plates and PMTs

to measure the muon momentum
up to 1.2 GeV/e.

 [ron Plate
*305x 274 x 5¢cm?
* Total 12 layers

e Scintillator Plane

 Alternating horizontal and vertical planes
* Total 362 channels
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SciBooNE

Track edge distance
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p/n* separation using dE/dx

dE/dx calculation

dE/dx = separate pion (~MIP) from proton

AN

AN

7

To avoid cross-talk effect,

energy deposit in all the channels
associated with the track are summed
on a plane-by-plane basis

Then, dE/dx in each plane is calculated.

E

1.3cm / cos 6 18

dE / dx =




(plane-based) muon confidence {w(]

level

dE/dx distribution by muon o025
(cosmic-ray MC) i
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dEfMdx (MeViom)

cum ulative distribution function |

Cumulative distribution function

F(x)= j°° F(x')dx'

Probability that dE/dx by a muon
is above the measured value
- (plane-based) confidence level
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Muon confidence level  sBetel
(MuCL)

dE/dx measurements in each plane
—> confidence levels (x1,x2,...,xn)

Combined probability assuming measurements are independent
P=x-x,---x

n

Muon C.L. is the probability that the combined CL by muon
Is below the measured value P

MuCL =1- j-_" I dx’ldx'z---dx'n

X1Xp X,

_p Z”:(—lnP)’
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Sort & truncate confidence 22N
levels

plane-based confidence levels are sorted by ascending

X1 <x2<..... < ...... < ...... < Xn
CL. : Small O =1 | ~——— large
dE/dx : Large Small
w 50% ) « 10%
e Y
Removed to avoid effect Removed to avoid effect of
of track overlapping inefficiency / cross-talk

/!vl

—— T P
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SciBooNE

p/t separation using dE/dx
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QE/nonQE separation {w(]
(No MuCL cut)

AOp ... opening angle between the 2"d Muon track

track and the expected proton
track assuming CCQE

QE nonQE N Observed 2M track

N
= Entries 3221 Expected proton track
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CC-1r*
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SciBunNE(

CC-QE event sample
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CC-QE event sample
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+
CC-1=* sample
CC-1n* = MRD stopped, 2 track, u+n, AOp>25degree

DATA| vp~2>upr| vn->unn| coherentrn CC-n*
Efficiency | Efficiency | Efficiency purity
MRD matched 23,737 24.3% 23.7% 50.4% 25.6%
MRD stopped 16,926 17.7% 16.4% 36.6% ﬂ 27.1%
2 track 3,221  5.2%| 3.9%| 12.6%(7 39.0%
u+7n (MuCL 895 2.0% 3.0% 9.1% 58.8%

cut)
ABp>25 degree 655 1.6% 2.5% 7.6% 65.5%

24 track reconstruction should be improved

27



CC-QE event sample

CC-QE sample = MRD stopped, 2 track, u+p, AOp<25 degree

[SciBunNEd

# of QE| QE purity

events| efficiency
MRD matched 23,737 29.9% 57.8%
MRD stopped 16,926 19.6%% 55.5%
2 track 3,221 2.9%%  40.7%
u+p (MuCL cut) 1,983 2.4% 57.0%
AOp<25 degree 1,077 1.9% 82.3%

24 track reconstruction should be improved

28
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