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Three Signal Regions
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How Can There Be Three Distinct Am2?

* One of the experimental measurements is wrong
— Many checks but need MiniBooNE to address LSND

* One of the experimental measurements is not neutrino
oscillations

— Neutrino decay = Restriction from global fits
— Neutrino production from flavor violating decays = Karmen restricts

+ Additional "sterile” neutrinos involved in oscillations
— Still a possibility but probably need (3+2) model

» CPT violation (or CP viol. and sterile v's) allows different mixing
for v'sand V's

— Some possibilities still open



LSND Result

o Excess of candidate v, events Also Karmen Experiment
87.9 +£22.4 + 6.0 events (3.8c) e Similar beam and detector to
P( v, > v,)=0.264 +0.081 % LSND
. Closer distance and less target mass
e Backgrounds in green,red = x10 less sensitive than LSND
e Fit to oscillation hypothesis in o Joint LSND/Karmen analysis gives
blue restricted region (Church et al.
. hep-ex/0203023)
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Experimental Situation: 5
Fits of 3+1 and 3+2 Models to Data

* Global Fits to high Am? oscillations for Short-Baseline exps including

LSND positive signal. (M.Sorel, J.Conrad, M.S., hep-ph/0305255)
Channel | Experiment | Lowest Armn? sin” 20 Constraint (90% CL)
. . Reach (90% CL) | High Am? | Optimal Am?
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Next Step Is MiniBooNE ‘

Use protons from
»  MiniBooNE will be one of the first the 8 GeV booster
experiments to check these sterile = Neutrino Beam
heutrino models <E >~ 1GeV

— Investigate LSND Anomaly

— Investigate oscillations to sterile
neutrino using v, disappearance

3:1 slope

Ith

12m sphere filled with
mineral o1l and PMTs
located 500m from source
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MiniBo_oNE Neutrino Beam
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The MiniBooNE Detector
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Particle Identification 10
* Separation of v, from v, events
— Exiting v, events fire the veto
— Stopping v, events have a Michel electron after a few usec

— Also, scintillation light with longer time constant = enhanced for slow pions and protons
— Cerenkov rings from outgoing particles

« Shows up as a ring of hits in the phototubes mounted inside the MiniBooNE sphere
« Pattern of phototube hits tells the particle type

ve, "aa 8 P ;u'

0

Stopping muon event




Example Cerenkov Rings

Size of circle is proportional to the light hitting the photomultiplier tube

0
V,tn—>Vv, +p+rx

P
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Neutrino events

beam comes in spills @ up to 5 Hz
each spill lasts 1.6 usec

trigger on signal from Booster
read out for 19.2 usec

no high level analysis needed to see
neutrino events

backgrounds: cosmic muons < Ny,
decay electrons <= N,

simple cuts reduce non-beam
backgrounds to ~10-3

v event every 1.5 minutes

Current Collected data:

400k neutrino candidates

for 3.7 x 1020 protons on
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Energy Calibration Checks

Michel electron energy (MeV)
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Scintillation Cube
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Oscillation Analysis: Status and Plans N

» Blind (or "Closed Box") v, appearance analysis
you can see all of the info on some events
or
some of the info on all events
but
you cannot see all of the info on all of the events

» Other analysis topics give early interesting physics results and
serve as a cross check and calibration before “"opening the v, box"

— v, disappearance oscillation search
— Cross section measurements for low-energy v processes

— Studies of v, NC = production
— 'coherent (nucleus) vs nucleon

— Studies of v, NC elastic scattering
— 'Measurements of As (strange quark spin contribution)



Events in MiniBooNE with E,,>100 MeV 15

Low Energy Neutrino Multi ©
. m4%
Cross sections

NC ntg3e,
CC n°m5%

CC QE
[148%

CC nt

e y £ o
CC v, Total Cross Sections m31%
— 1.2 -
! — NUX o
%3 NUANCE m1% _ _
L ' NC EL vym —> [ p
S CC v, Quasi—Elastic Cross Section
O I
3 °c ® Serpukov, Belikov, Z. Phys. A320, 625 (1985), Al
IC} O 2 [~ & BNL, Boker, Phys. Rev. D23, 2499 (1981), D,
= O 8 "'-Ié ¥ ANL, Barish, Phys. Rev. D16, 3103 (19??). D,
~— O, 75 [ © FNAL Kitogoki, Phys. Rev. D28, 436 (1983), D,
N O SKAT, Brunner, Z Phys.C45, 551 (‘IQQD), CFsBr
= X — & CERN-WAZ25, Allosia, Nucl. Phys, B343, 285 (1990), D,
A B WS, S I :D' 1.5 ¢ GGM, Bonetti, Nuovo Cimentao, A38, 260, (1977), CsHs
Q) O 6 3 CF,Br
o — -
(N T1 .25
\ Ca
~ Y 1
» 5
'3 0.4
/:F' 0.75
0.5
éa
. ; NUANCE (f |
> 02 025 | NN Gev
o eveseanen. NUANCE {(nucleon bound in ™C)
0 . ]
il 107 1 10 10
0 : A ) i 2 E, (GeV)
10 1 10 0
E, (GeV)

< MiniBooNE —



16

On the Road to a v, Disappearance Resulit

Use v, quasi-elastic events

v, HtN—>u+p
— Events can be isolated using single

ring topology and hit timing
- Excellent energy resolution

- High statistics: ~30,000 events in plot
(Full sample: ~500,000)
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 E, distribution well understood from
pion production by 8 GeV protons

— Sensitivity to v — v, disappearance
oscillations through shape of E,
distribution

Monte Carlo estimate of final sensitivity

iS (3+1)
L
L
10 =
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Will be able to cover a large portion of 3+1 models
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Estimates for the v, —>v, Appearance Search

Look for appearance of v, events above
background expectation

— Use data measurements both internal
and external to constrain background
rates
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lLFh.lx /0.1 GeV

Fraction of v

+ +
UV,

Intrinsic v, in the beam

Small intrinsic v, rate = Event Ratio v /v =6x10-
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v, from p—decay

> — Directly tied to the observed
half-million v, interactions

Kaon rates measured in low energy
proton production experiments

— — HARP experiment (CERN)
— E910 (Brookhaven)

- "Little Muon Counter” measures

rate of kaons /n situ \
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Mis-identification Backgrounds

» Background mainly from NC

n® production
v,tp—>v,+p+nd
followed by
0= vy
where one v is lost
because it has too low
energy

« Over 99.5% of these
events are identified and
the n° kinematics are
measured

= Can constrain this

background directly from
the observed data
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MiniBooNE Oscillation Sensitivity

» Oscillation sensitivity and measurement capability

— Data sample corresponding to 1x102" pot

— Systematic errors on the backgrounds average ~5% from estimates of

MiniBooNE 1.0E21 pot |

(90 % CL, 30 and 5 o) .

10
sin?21

Am? (eV ?)
B O o~ 0wo

T T T T
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(10 ond 20 Contours) |

Am2=1 eV?
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Run Plan

- At the current time have collected 3.7x1020 p.o.t.

— Data collection rate is steadily improving as the Booster accelerator losses
are reduced

— Many improvements in the Booster and Linac (these not only help
MiniBooNE but also the Tevatron and NuMI in the future)

- Plan is to "open the v, appearance box" when the analysis has been
substantiated and when sufficient data has been collected for a
definitive result

= Current estimate is sometime in 2005

 Which then leads to the question of the next step

— If MiniBooNE sees no indications of oscillations with v,

= Need to run with v, since LSND signal was v,—> v,

— If MiniBooNE sees an oscillation signal
= Then ............
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Experimental Program with Sterile Neutrinos ”

If sterile neutrinos then many mixing angles, CP phases, and Am? to include

« Measure number of extra masses Am,2, Ams° ...

.. Map out mixings associated
* Measure mixings

Could be many small angles / with v — v,
/ Ve \ / Uel Ue2 UeS Ue—l Ue5 Ce \ / 1 \
vy Uun Up Ups | U Ups %
Vr B U Urz U | Urs Uss V3
Vs Usl U82 U83 UH Us5 V4
I/Sf US’]_ US;’Z US;’B US,'—'I U8f5 Vs
« Oscillations to sterile neutrinos could effect Map out mixings associated
long-baseline measurements and strategy withv — v,

» Compare v, and v, oscillations = CP and CPT violations



Next Step: BooNE: Two (or Three) Detector Exp.

» Add Far detector at 2 km for low Am2 or 0.25 km for high Am? < BooNE

ST g
Precision measurement of 3 1§
oscillation parameters = 7
— sin?20 and Am? = 2 :
— Map out the nxn mixing 4 |
matrix o |
« Determine how many high 2 |
mass Am? ‘s BooNE
— 3+1,3+2,3+3 ... ~. (1and2o)
09 | % ]
 Show the L/E oscillation 0.8 |
dependence 0.6
— Oscillations or v decay or ??? 0.5 f
0.4
- Explore disappearance 03
measurement in high Am? region N |
— Probe oscillations to sterile neutrinos | 10 10 2

sin?2%¢

(These exp’s could be done at FNAL, BNL, CERN, JPARC)



Conclusions

* Neutrinos have been surprising us for some time
and will most likely continue to do so

» Although the "neutrino standard model” can be used as a
guide,
the future direction for the field is going to be

determined by what we discover from experiments.

+ Sterile neutrinos may open up a whole v area to explore
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