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sections for T2K.
@ Anti—neutrinos
U nexplo r!j

™ Well developed Detector

™ Most intense low energy neutrino
beam.

@ Precision study of neutrino cross
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2. SciBooNE Physics

@ For neutrino oscillations

Neutrino masses (Amy,2, Am..?)
Mixing Angles (6,,, 6,5)
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Strategy of accelerator v oscillation exper&@e S .

Intense beam . Gigantic d
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Impact of Neutrino Cross sections on
oscillation measurements

@ v _—»v : precision measurements (0,4, and

T ALLCHAN )
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@Slgnali CC_QE (V—I_n—)H_I_p) \%\56\ W/ OSC'
@ lnergy Reconstruction from p kinematics 3 -
éBackground: Mainly CC—1n* x| ! +
(VEIN—>ut+n+N’) ; WAl |
@ Cross section with the visibility of = "o 05 1 w2
Ev™ (GeV)
&» v,— v, search for 0,, S
éSignal: CC-QE (vtn—etp) Sin2og T2K
1 -
&Baokground 370.1 B ij( ve events
@Cross sectionasafurm\*+

momentum

Anti- v for CP violation study Dvals
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Unexplored Areas of Neutrino Physics ;
o, in this E range of interest: 1
Ty
[ O CCFRR l \ _
= b » BNL 7-feet  Data from c}rq\experlments
5 - =t ® ANL 12—feet (1970~1980) A
g 0.75 — H S e Low StﬂtlStl(vaes,
; : T TS « Systematic Uncertainti
2 osof ~ DIS * Nuclear effects
S e T,?E?%f“ (n/p/n absorption/scattering,
8 : ) i shadowing, low Q2 region)
o ool I A e W  Not well-modeled
0.1 . (?}6\71)00 50.0 100.0 ZZ
s  New data from MiniBooNE
1 & K2K revealing surprises
MINOS, NuM| _
K2K. NOVA  More data at 1GeV with fine
MiniBooNE, T2K, SciBooNE grained resolution will
< > advance Neutrino Physics.

Super-K atmospheric v
8

Anti-v cross section Is In a poor situation.
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Neutrino Measurements (~5% precision)

ompar'vM flux spectyalat\
2K, T2KandBooNE~ =

A O

& Measurements
& (CC—1m cross section
é(CCQE o,M, measurement

T2K

SciBooNE | —

& NC 10 measurement

Flux (normalized by area)

& Search for CC coherent T .
V] e
@ Search for NC coherent m’ : ° -,

¢ Secarch for radiative Delta decay (vtN—u+N’+y)
@Intrinsic v, flux for BNB (VH—)Ve appearance search) s
@ Unoscillated @ xo for BNB (v, —v, disappearance search) St

Study v interactions to improve MC modeling of low E vs
for precision physics 9




v Measurements (~10% precision)

& CCQE measurement.
éNegligible BG from v.
@ lnergy Dependence of o and M,

& (CC—1n cross section with M,.

— ]

0 - :
“NC 7 measurement Reversible current horn
@ Also vitp—ovtptn? exclusive final-state search '

& Secarch for CC coherent 1

& Energy dependence of v contamination
of BNB anti—v mode.

o

L trh _

& Secarch for NC coherent m° % : — i
@ Scarch for radiative Delta decay s Y .
(VEN—pt+N’+y) : =
@[-yperon production in anti—v mode v (35%)
T 3 4 5
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3. SciBooNE Detector and Beam':;

& Detectors
& K2K-SciBar Detector
& K2K/CHORUS Electron Calorimeter
& Muon Range Detector (newly built)

& FNAL Booster Neutirno Beam

& Both neutrinos and anti—neutrinos
& High Intensity (~2E20 POT /year)

11




SciBar Detector

« Extruded scintillators with WLS fiber
readout

e The scintillators are the neutrino

target
e 25x1.3x300cm:cell L
e ~15000 channels Extruded HHH
e Detect short tracks (>8cm) scintillator

e Distinguish a proton from a pion by (15t)
dE/dX

« Total 15tons
=>»High track finding efficiency (>99%)

=»Clear identification of ¥ interaction
Process

Multi-anode
PMT (64 ch.)
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d Detector (Top View) 4—
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Electron Catcher

“spaghetti” calorimeter
re-used from CHORUS

1Imm diameter fibers in the groovg 4
of lead folls TT T

Ax4cm? cell read out

from both ends

2 planes (11X,)

Horizontal: 30 modules
Vertical : 32 modules

Expected resolution 14%-+ E
Linearity: better than 10%




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

up to 1.2 GeV/c.

@ [ron Plate

@ [otal 13 layers
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@ Scintillator planes

& Alternating horizontal and vertical
planes.

& [otal 362 channels
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[=] Relative neutrino fluxes .

Be Slmulf

‘From BNL-E910 \
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Cross Section 1
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n 8

_ Sanford-Wang Fit to E910 Data
0 | & BNL E910 Data at p_= 1.8 GeV/c, 0, =54" E (G eV)
| ® Preliminary HARP Data at p_ = 1.8 GeV/c,0_ = 54° v
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SciBooNE Events
e Neutrino run (~1x1020 POT)

4 # of Interactions
IN 10 ton Fiducial Volume
v, —156,000
\_ e 1400 )

cf. K2K-SciBar (0.2x10° POT) : ~25,000 v,

e Anti—neutrino run (~1x10%2° POT)

T of interactions in FV A
Tu —26,000
L v, —14,000 y
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CC Event Selection with MRD match

ing (0.5E19, PO

3,500 events

1000

2000

2 track OE
~1,970 events
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CC—-1mt" measurement

& (CC-1n+ signature:
2 MIP-like tracks

™\ ertex activity cuts:

separate vtp=2u pn’

from vtn=> p'nr’

Statistics and systematics
Sufficient for —5%96 measurement
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2 tracks visible in
SciBar evt display

200—700MeV/c n°s

0.4

03 | - .-

0.2 - T

DI 0.5 1 1.5 2 2.5 ’o‘-r 315“ 4 4.5I 5
Ev (GeV)

SciBooNE expects

to make a

10920 measurement
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(1)

Antineutrino CCQ.

Physics motivation
e Important for T2K phase-l|
e CP violation search

CC-QE:v +p=2p +n

V

H \n

» Expect ~9,000 CCQE events after cuts, 80% purity

o uw* (p,.0,)

-
measurements W & |

-
—— -
g <

o(10%%m?)
T

cleon -

-Free
érml Gas, C,j Eg,

Egmnp=25 MeV, Bounded EF

% v Serpukov 85, Al

b SE TR CAST

vV SKAT 80, CF, BF

V GGM 79, C,H,, :
8 10 12

E, (GeV)

4 6

No data

/- Detected as a 1-track
event in SciBar
* Excellent v energy,
2 resolution
L Q

/
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CC-multi

rec. Ev (GeV)

|
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4. SciBooNE Status

S Summer 2006: Collaboration formed.
@Nov. 2005: Proposed

éDec. 2005: Approved

& Jul. 2006: Detectors arrived

#Aug. 2006 Civil construction contract
& Fall 2006; Detector Assembly

&Dec. 2006: Detector hall complete
@Jan. 2007: Installation

& Feb. 2007: Commissioning

Mar. 2007: Beam data.




Status

@ [The hall is under construction.

@ The detectors: SciBar and EC are under
construction at the CDF hall.

& MRD will be constructed at Lab—F

& [he scintillator counters are under productions, and
270 counters are built and 180 are tgted.

~September 20
We are on schedule A

with a little delay.
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0. dummary

& SciBooNE is a new dedicated experirﬁent to
study neutrino interactions with nucleus by using
both neutrino and anti—neutrino beams.

¢ SciBooNE is under preparation to start taking'
data on March 2007.

& [t is an exciting time now to look at the
detectors and construction if you are at FNAL.

& You are welcome!

& We will collect the most precise neutrino
interaction data at the energy of 1 GeV soon.

28
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SciBar Components

—— Frontend board
¥ Lightinjection = ear fiber
module

E4ch
MAAPRT

64 charge, mfo e~

= i \ 2 timing Info.
_______ S \
. R
—— WLS fiber Top View
(354) Holder I
Extruded cookie EEEEEEEE
scintillator \ OO
T
22 Detector structure |—||—||—|[—||—||—||—ji—|
Extruded Scintillator (1.3 X 2.5 x 300cm?3 O o
( ) Multi-Anode PMT EEsmEEEE

- made by FNAL (same as MINOS)
Wave length shifting fiber (1.5mm®)
- Long attenuation length (~350cm)

—> Light Yield : 18.9p.e./cm/MIP

-2 X 2mm?2 pixel (3% cross talk @1. 5mmCD)
- Gain Uniformity (20% RMS)
-Good linearity (~200p.e. @6 X 10°)
Readout electronics with VA/TA
* ADC for all 14,400 channels 31
« TDC for 450 sets (32 channels-OR)




NUMi iSN T, Illll:\llllllll' il
here A '-'M'N I

.. . Wit l ||!||:___:||\. /J"I )

MiniBooNE is here il gy

-t

Detector 1

gese Rd. & o &0 G
MI-12 Target I||'|:|;|||ﬁ!
Hall and Decay
Pipe

i {1\

End of 8 GeV i |
Beamline Project

"|I'|I|I||||||,|' i ant %‘ .- eVa

"~ Proposed NuM UL.S. &
Service Buliding P

&
\T .

Beamline Enclosure




CC—=1m" measurement

& Non—QE events: dominant background for v,
disappearance . | D ﬁ
# At BNB energies, non—-QE BG dominated by CClzn’ el |
@ T2K needs uncertainty of nonQE/QE to 5% .., L

d(sinZ 20)

v, disappearance

measurement error . 1
(90%06CL) o :
ap
od
— stat. only o
w

— 5(NQE/QE)= 5%
— 5(NQE/QE)=20%

CC-1rn* signature:
2 MIP-like tracks

3 | 4
Am? (x1 0 eVE)
Vertex activity cuts:

Z +
sepfarate v+piu+pn+ Statistics and systematics
rom vrn2pnn Sufficient for —~5296 measurement




NC-1mY measurement

MDominant background to v, appearance in any.
experiment
& Overlapping rings, or back—to—back decay
@ T2K needs NC1x0 cross section to be known to 10% level ™

2-ring merged to 1-ring

: >\ I I I
In Cherenkov detector £ _ stat. only
) e = - BG=10% |
L | 2 - $BG=20%
RS LS 0
4 ¢ e e
a ; e a
s + 107
0 | u -
- v 2 D -
Yo < 2 tracks visible in 2
Q

SciBar evt display 1 : .‘ _.
1 2 3 4 5
200—~700MeV/c n% Exposure /(22.5kt x yr)34




0.4 I I
— Backgrounds for T2K v, search
— — SciHar at BMB
— SciBar at K2K
0.3 - ]
| SciBooNE expects
L N 1 to make a
- 1 1  10% measurement
01 - ] En E 7]
L
0

Measurement at energy that is crucial for T2K NC1n® BGs
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Run

N N Y I O

Lrrrrri

I I A I

BNB [ntrinsic v, Measuremel%\ /{; .;

= K2K Fine-Grained Detector (Top View) [
K2K Fine-Grained Detector (Side View) {
i ! Run 5003 Spill 36532 TRGID 1 Cl
5009 Spill 47926 TRGID 1 | - SBEv 11289 2003108 133 1 0 =
SBEy 30878 2003710 8 82817 @ | % b et ]
Mutx Ll |
- § i 1 et !
f s e ¢ ol B
i 7 B
il £
L
: = 5 ®
| L - L p—
: H % """_:1
‘ . ey, E . I|
- I |
i Vonagy H i
R T =y LI 1
NCr® i
i :

éElectron catcher provides good electromagnetic ID and energy
resolution
@ Can use dE/dx in SciBar as well

élxpect to directly measure v, flux to 10-20% in v mode

& /Assuming current efficiency/purity
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Antineutrino CCQ.

Physics motivation

e Important for T2K phase-l|
e CP violation search

* Free proton scattering:

(T)

measurement} & t‘_

- _—
l,..-' i -

—h

o(10%%m?)
o
(=]

0.6_ [ S I T ss 1 IS S N N ()

s ]
0 ST gL b o———-Free Nucleon—i-—
: érml Gas, C,j Egyp=25 Me
wn Férml G '1'».C1.;_. Epmp=25 Mé

""m v SKAT 90, CF,Br

check of nuclear model e w 'E}(;;}
No data
CC-QE: v, +p 2> p"+n » Detected as a 1-track
ut (p,,0,) event in SciBar
- ( « Excellent v energy,
H N 2 resolution
L © y,

* Expect ~9,000 CCQE events after cuts, 80% purity
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~15% uncertainty on WS BG in 4 bins (0-1.5 GeV)
~7.5% stat. err. in 2 track sample in 4 bins (0-1.5 GeV)

* MB:
e SB:
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MiniBooNE v.s

Radlatlve A Decay

# A — Ny is a background for v,_,v,
appearance (NOVA too!)

@ BR: 15% uncertainty
& Never measured in v production

@ [vent signature
@ NC: recoil proton and detached photon track

¢ CC: muon and recoil proton with shared vertex 279,
and photon with detached vertex see s g e 19019

& Fach case: photon and proton tracks should be
consistent with decay of A mass particle

@ 71's provide calibration sample for photon
tracks . Wi,
@ [xpect 45 events after cuts in total run i v i D1 Vi)
(V and V mode) o ‘

& \Would be first observation of neutrino
induced A radiative decay I

@ \/cry powerful detector!
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