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SciBnuNE
Introduction

Booster Neutrino Beamline

SciBooNE (FNAL E954)

s Precise study’ off neutrine-nUcleus cross Section
areund 1GeV.

s Combination of Booster Neutrinoe Beam at ENAL
and SciBar Detector used in K2K
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Physics Motivation

Precision: study: off NEUtHnG
Cross sections for 12K

ARti-Neutrines

s Unexplored! physIcs: territory
and iImportant for CP study: in
T2K-11

MiniBeolNE near detector

SciBooNE
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SciBooNE timeline

2005, Summer'- Collaboration formed

2006, Jul - Detectors move to ENAL
2006, Sep! - Groundbreaking
2006, Nov - EC Assembly.
2007, Kebj= Scibar Assembly formation to first data!
2007, Mar - MRDrAssembly.

2007, Mar - Cesmic; Ray: Data

2007, Apr - Detector Installation

2007, May: - Commissioning

Two years from
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SciBar Detector

 Extruded scintillators with

WLS fiber readout
« Scintillators are the neutrino target HH\
e 2.5x1.3x300 cm?cell Extruded ‘ " RN
My e:ess

(15t)
« Detect short tracks (>8cm)

« Distinguish a proton from a pion
by dE/dx |. |

- Total 15 tons i

= Clear identification of v interaction B
process bkt il

« 14,336 channels scintillato
H

Multi-anode




Basic Performance: of:
SciBar Detector

Light yieldifor minimum Ienizing jjj -
particle o
s ~20 p.e./ 1.3cm @30cm friom PMT [

(averagerover all channels) 00

200

Hit finding efificiency
= Horizontall plane: 99:9%6

= Vertical plane  : 99.8%
Mean p.e. values

for all channels
# off dead channels isionly
4/14,336 channels (0.03%)
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Electron Catcher (EC)_

- ‘“spaghetti”’ calorimeter
re-used from CHORUS

 1mm diameter fibers in the
grooves of lead foils

e 4x4cm? cell read out from both ends

* 2planes (11X)

Horizontal: 32 modules
Vertical : 32 modules r— ——

« Total 256 readout channels o s
- Expected resolution 14%// E

* Linearity: better than 10%
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Muon Range: Detector (MRD)

A new detector built with the used o By
scintillators, iron plates and PMTs e
to measure the muon momentum

up to 1.2 GeV/e.

e

e [ron Plate
* 305x274x5cm?
* Total 12 layers
 Scintillator Plane

* Alternating horizontal and vertical planes
* Total 362 channels

View:1, Layer:3, Side:0 Mean Efficiency = 99.44%

o 50 100
Track Position (cm)

Mean efficiency: mean of |y| < 100 cm
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Anti-neutrino data run

Delivered 5:45x101° POl
Detector live time, frraction ~95%

SciBoONE run I

5.45x101°% POT
Delivered

50 100 150 200 250 300

antI-VH CC'QE Candidate uﬁdéij;nz; Jun16 Jun23 Jun30 Jul07 Jul 14 Jul21 Jul28 Au[g)gt:;e
(Tu+ D> u+n)



SciBooNE

Event displays

SIDE view

TOP view
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SciBooNE

Event displays

SIDE view

TOP view
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Real Sc

3-track event
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EC illumination with beam

Vertical plane




CC candidates vertex inside SciBar
~eyvent timing distribution~

Entries 9089 Sinple; selection

= Reguire a hit in the most
downstream layer

s [rack penetrating more
than 4layers

m Vertex inside BV of SciBar:
(FV'mass: 10.6 tens)

x Within 2 usec beam
Window.

Time (usec)

Event timing of CC candidates

N e e NOTE: This selectionis

just: enly: fior' stability
check (not for physics)

16



SciBunNE(l

CC candidates vertex inside SciBar
~NUumber ofi v events and PO~
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CC candidates vertex inside SciBar
~event rate normalized with PO~

CC event candidates vertex
inside SciBar ~5,000 events

FV mass: ~10.6 tons
Period :Jun. 12-Jul. 28
(~4x101° POT)

L NOTE:
stable within 10% » CC event efficiency: ~45%
June 16  June23  June 30 July 07 July 14 July 21 July 28 y CC event purlty: N940/0
ek 7V, v fraction:

*v,~63%, v,~36%
(estimated from MC)

118
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CC candidates vertex inside MRD

~eyvent timing distribution~

QIO 11 12 13 14 15 16 17 18 19 20

Event timing of CC candidates
vertex inside MRD

Event rate; study
iIndependent fromi SciBar:

Simple selection

= Most outer counter used as
VEto for CosmIC fiay MUONS

s [rack penetrate 4 layers

s | DC-hit clusters inside
Deam| Window:

NOTE: This selection is
just: enly: fior stability:
check (not for physics)

19
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CC candidates vertex inside MRD
~event rate normalized with PO~

CC event candidates vertex
inside MRD ~10,000 events

FV mass: ~19 tons
Period :Jun. 12-Jul. 28
(~4x101° POT)

Stable within £10%

240
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SUummary.

Precise study off neutrine and anti-neutrne; Cross
section near 1GeV.

Project 2x102° POI
SCIBOOINE CEECtors areWorking wWell

SCIBOpNE has BEEN collEcted antiEneltine data
5 SWILCHFORENLHRG MBEENURNRING IHOMNOCLOILET
gl ople rploge s r

21



Backup slides
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SciBar Timing reselution

Timing resolution: 1.6 ns (averaged over all'channel)

23
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SciBar hit efficiency:

_top efficiency run010268 |
1.02

side efficiency run010268
i

24
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Event selection for
SciBar event: rate; study;

Longest
track

vertex \

Fiducial volume!

More, than 3 hits, in each view

s [hreshold: 5 sigma (~2 p.e)
Reqguire; hit in most
downstream layer
Iirack length > 4 layers
Vertex inl fiduciall volume

m -130cm<x<130cm

= -130cm<y<130cm

m 2.62cm<z<157.2cm

(2ndu60M ayer)

Within; 2usec on-timing
window (12<t<14 usec)

25



Event selection for MRD) event rate study

Scintillator  Iron plate

| |

—

\Y%
beam

Fiducial Volume(8 iron planes) Require at
veto least 4 planes

Reconstruction

= Hits on 4 scintillator planes are required (- 2vertical, 2horizontal)
Fiducial velume

s -132cm < X < 132cm

m -11lcm <Y < 1l1llcm

= 8 iron planes (thickness of 1plane ~2inch)
Timing

m Cluster within 2usec time window is selected 26
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SciBooNE anti-neutrino flux

« HARP pi- preliminary result

* 100m downstream from
the Be target
* radius : 25cm-bining
* energy: 25MeV binning,
up to 5GeV

e
g
>
]
=
n
S
£
g
b
3
L

Average energy : 0.6GeV

Peak energy : 0.45GeV

27
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SciBooNE anti-neutrino interaction

NEUT simulator
* MA =1.1 GeV (QE, 1x)
» Coherent pi production
Rein & Sehgal w/ lepton mass

correction
neutrino * DIS
background GRV94 PDF

w/ Bodek & Yang correction
* Nuclear effect

Average energy :

1.0GeV (vu + vpu)
0.9GeV (vu only)

28




SciBnaNE
Unexplored Areas ofi N

o, in this E range of interest: PhYSlCS

O CCFRR
B BNL 7—feet

0 ANL. 12-feet (1970~1980)
« Low statistics
» Systematic Uncertainties

(n/p/n absorption/scattering,
shadowing, low Q? region)
* Not well-modeled

 New data from MiniBooNE
& K2K revealing surprises

* More data at 1GeV with fine
grained resolution will
advance Neutrino Physics.

4



( NOTE: Numbers in proposal

SciBooNE Events
o« Neutrno run (=1x102% POi})

# of interactions
in 10 ton Fiducial Volume

v,~156,000
ver 1400

cf. K2K-SciBar (0.2x1020 POT) :
~25,000 v,

o Anti-neutrine: run: (=1%102° POI)
# of interactions in FV
v, ~26,000
v, ~14,000 0
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CC-1wt measurement

Non-QE events: dominant background for
v, disappearance

s At BNB energies, non-QE BG dominated: by,
CCln*

s 12K needs to reduce uncertainty off nonQE/QE
01 ~5%

d(sin2 20)

v, disappearance
measurement error
(909%CL)

sin® 20 error
o

10 |

— stat. only

— 8(NQE/QE)= 5%
— §(NQE/QE)=20%

2 4
Am? (x1 0° eV?)




( NOTE: Numbers in proposal
CC-17H measurement: (cont.)

Sensitive to the
nuclear effect

CC-1r* signature: Expect ~2,800 CC-1n* events after cuts
2 MIP-like tracks

Statistics and systematics

Vertex activity cuts: Sufficient for ~5% measurement
separate vip>u prt

from v+nopngt 3
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NC-17° measurement

Deminant backdround torv. appearance;in any.
EXPERMENL

s Overlapping rings, or back-to-back decay.

s 2K needs NC1x” cress section to be known at 10% level

- stat. only
- 3BG=10%

2-ring merged to 1-ring ety

in Cherenkov detector

¥
*

p
a
»

,_

2 tracks visible in
SciBar evt display

200~700MeV/c n%s

Exposure /(22.5kt x yr)

33



( NOTE: Numbers in proposal
NC-17% measurement (cont.)

o(v+p2v+p+n2)

m F.A. Hawker Gargamelle re—analysis

Krenz, Nuc. Phys. B135, 45 (1978), CsHs+CF;Br BaCkg Frou nd fOI’
. Aachen, Faissner, Phys. Lett. 125B, 230 (1983), Al
T2K v, search

| SciBar at BooNE

NUANCE prediction

ey
. Projected SciBar at K2K | "1 SciBar at K2K
Projected SciBar at BooNE by

MINERVA LE MINERVA sME

10% measurement

34
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Anti-neutrne CC-OFE measurement

Physics motivation
* The first c measurement

with good final state separation
* It is important for T2K phase-l|

* Detected as a 1-track event in SciBar

« Can reconstruct neutrino energy

35



( NOTE: Numbers in proposal
Anti-neutrino CC-QE and neutrine BG

1track

CC-QE

CC-1n

Neutrino
B.G. (~35%)

Flux X ¢ (a.u.)

rec. Ev (GeV) rec. Ev (GeV)

36
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