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Neutrino Oscillation

e Neutrino flavor eigenstates and mass eigenstates are “mixed”

e Neutrinos change their flavor as a function of time (travel distance)

u, T (Flavor eigenstates)
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Neutrino Oscillation

Observations

Atmospheric region: Am? ~ 103 eV?

e Super-K etc (Atmospheric neutrino)

e K2K, MINOS (Accelerator neutrino)

Solar region: Am? ~ 105eV?
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e SNO, etc (Solar neutrino)

o KamLAND (Reactor neutrino)

High Am? region: Am? ~ 1 eV?

e Observed at LSND (vVy— Ve) experiment,

but not confirmed other experiment.

However, only 2 Am? regions are allowed in

the current SM with 3 neutrino generations
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I All limits are at 90%CL
unless otherwise noted
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MiniBooNE’s ve appearance
search at Am=? ~ 1eV?2

® MiniBooNE data

—— Expected background
-..... BG+Best fit V= Ve

—— V,, background

e Search for vesignal in vy
beam.

0.2 0.4 0.6 0.8
== MiniBooNE 90% C.L. 1

e v, flux is used to normalize
intrinsic ve backgrounds.

® No ve appearance signal is
observed.
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e LSND signal is ruled out if :
P(Vl,[_9 Ve) = P(Vp'% Ve) ; [ LsND s0% C.L.

~ [] LSND99% C.L.
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MiniBooNE’s v, disappearance
search at Am?2 ~ 1eV?

e Search for non-standard model
interaction.

e Sterile neutrino, etc..

MiniBooNE v, 90% CL sensitivity
— MiniBooNE v, 90% CL limit

e MiniBooNE’s first result is
based on the spectrum shape
only analysis.

[190%CL excluded, CDHS
I 90%CL excluded, CCFR

e Limited by large flux and :

, e MiniBooNE 90% CL
x-section uncertainties. 9

Spectrum shape
e A near detector (SciBooNE) only analysis
° MiniBooNE v, 90% CL sensitivity
can strongly constrain flux and __ iniBooNE  80% GL i
X-section errors.

best fit: (31.30, 0.96) with %2 of 5.43, x2(null) of 10.29
I 90%CL excluded, CCFR
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SciBar Detector

SciBooNE Experiment



Experimental
Setup

e Fine-grained detector (SciBar) on the
Fermilab Booster Neutrino Beamline.

e Cross section measurement for ~1 GeV
neutrino and anti-neutrino

e Essential for future neutrino
oscillation measurements (T2K, etc)

e MiniBooNE near detector

e Measure un-oscillated neutrino fluxes.
9
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Artists impréssion

SciBooNE

- Flux (normalized by area)
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SciBooNE detector

SciBar

- scintillator tracking
detector « 12 2"-thick steel

- 14,336 scintillator + scintillator planes
bars (15 tons) - measure muon

* Neutrino farget momentum with range
» detect all charged up to 1.2 GeV/c

particles
* p/n separation f

using dE/dx Newly built at FNAL with
\ 7,,) materials from past experiment

Electron Catcher (EC)

- spaghetti calorimeter
, * 2 planes (11 X,)

Used for K2K experiment.
Shipped to and re-
assembled at FNAL

- identify n° and v,




SciBooNE Data Taking

e Start beam data taking in June 2007

D e Data taking completed in August
| ’ 2008

N
T T

e Stable data taking

e Total 2.52x102° POT for analysis
(05% of delivered)

® Neutrino: 0.99x102° POT
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'07 '08 Date

Results from full neutrino
data set are presented today
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SciBooNE Timeline

2005, Summer - Collaboration formed o

2005, Dec - Proposal : ] |
2006, Jul - Detectors move to FNAL ﬁ(& gf‘ﬁ‘-ﬁ—
2006, Sep - Groundbreaking

2006, Nov - Sub-detectors Assembly

2007, Apr - Detector Installation 3 years from
2007, May - Commissioning
2007, Jun - Started Data-taking
2008, Aug - Completed data-taking 1st physics result

2008, Nov - 15t physics result

formation to
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Flux Measurement
at SciBooNE



Event Selection

SciBar

SciBar )
stoppe M

MRD stopped

~

MRD penetrated

EC MRD

e Select MIP-like energetic tracks (P,>0.25GeV)

® Reject side-escaping muons.

e 3 samples:
Pu: Muon momentum

e SciBar-stopped (P,0,) reconstructed by its
path-length

e MRD-stopped (P,,0,.) 0 .: Muon angle w.r.t.
beam axis
e MRD-penetrated (0,)

x10° True Ev (All CC event)

— Generated in FV

06 — Total selected
\Q

— SciBar stopped
— MRD stopped

~

OO

3
True Ev (GeV)




Event Selection (Timing)

MRD matched/stopped event timing
<—>»Beam timing \ LEnwies stee
L

I
QN
N
’\ —— MRD matched event
0\ —— MRD stopped event

K

Cosmic background

® 2 usec beam timing window.

® Less than 0.5% cosmic
background
contamination.

Events / 200 nS

~14K SciBar-stopped events.

~20K MRD-stopped events.

~4K MRD-penetrated

events. 1 1 1 | 1 1 1 1 1| III|III|III|III|III|III
- 8 10 12 14 16 18

Event timing (u sec)




Reconstructed
Interaction Vertices

MRD matched muon (relatively normalized)

Vertex(X) MRD matched track
:_ + Entries 23737

Vertex(X) MRD matched track

Vertex(Y) MRD matched track

Entries 23737
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Extracting Ev Spectrum

e Use muon kinematics to extract
E, information

True Pu (All CC event)

i = Wit — V=, A Al = V(ED

R 2(m, =V @+cos 5
(Assuming CC-quasi-elastic scattering)

® Good coverage of entire
kinematic region with these 3

samples.

06 — Generated in FV

— Total selected
— SciBar stopped
— MRD stopped

—— MRD penetrated

1.4 1.6
True Pu (GeV)

Tr@u CC event)

0. .
'\Q SciBar — Generated in FV
geometry — Total selected

effect —— SciBar stopped
— MRD stopped

—— MRD penetrated

140 160 180
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Spectrum Fitting

e Determine E, spectrum shape and normalization
by fitting P, and 0, distributions.

MRD stopped muon (Absolute normalization)

Reconstructed Pu . Reconstructed Pu
] Entries 20091 ] [ Entries 20091

e Data e Data
[Jother [_Jother
-~ Dirt -~ Dirt
NC
J NC
CC other E=3 CC other
= CC coherent x = CC coherent &
. E=3 CC resonance CC resonance nt
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Reconstructed 6 Heconstructea v
[ Entries 20091 [ Entries 20091

0.8 1 1.2

= = — MU U R T S TR R SR SR T R S T
ol 0 1 . . 1 . . .1 ., . . v
20 40 60 80 100 120 140 160_ 180 120 140 160

de




Flux Prediction at
SciBooNE

e Originally ~20% flux and | Ev distribution after ft

; ” | Entries
cross-section uncertainty. -

e Measure the neutrino

Interaction rate at a few % | —EFit wlo flux éconstraint

uncertainty.

e We found the neutrino
interaction rate is higher at
~1GeV than predicted by
MC.
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Flux Prediction at
MiniBooNEm

Start from fitted

spectrum at SciBooNE
_ _ Evdistribution after fit
80002_ ............. ........ '_I_:_l_' _______
OO0+~ [

600 | | s |
5000 — Fitwio flux conshrant

Entries: 7

4000

3000F

2000F

1000
E

Multiply MiniBooNE/SciBooNE

flux ratio and its systematic error

Total Error = 21.9%

MiniBooNE
Flux/X-sec
error

v, flux variation from All systematics

Total Error =19.1%

SciBooNE
Flux/X-sec
error

05 1 15 2 25 3 35 4 45

MiniBooNE

flux prediction




Reconstructed Ev at
MiniBooNE

® Reconstruct Enu
assuming CC Quasi-
Elastic scattering :
3500 L
Rec. Ey w/o SciBooNE data 3000F

v, flux variation from All systematics

Rec. Ey constrained by SciBooNE data |
4500F
4000F

4500

2500F

40005 Total Error =21.3%

3500% 2000 g
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2 |
1000f - Total error ==
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Uncertainty for MiniBooNE Rec Ev is reduced to ~5 % level
» We fit this prediction to data to search for v, disappearance




Conclusion

® SciBooNE experiment

e Precise Cross-section measurement at ~1GeV

e Neutrino flux measurements as a MiniBooNE near detector
e Search for short-baseline v, disappearance

e Search for non-standard model neutrino interactions.

e Established the method to constrain MiniBooNE data by SciBooNE.

e Joint SciBooNE-MiniBooNE v, disappearance result will be released soon!
e There are many cross-section result from SciBooNE!

e Search for CC coherent it* production (Phys. Rev. D78:112004,2008)

e CC/NC (quasi) elastic Scattering

e CC/NC 17 production ' See Sam Zeller’s talk at Users

° Anti-nu cross-sections Meeting tomorrow 11:00~!

e V. flux measurements




