Measuring Neutrino Interactions
with MiniBooNE

Outline:

- overview

- experiment
- v beam, detector, analysis

- v reactions and rates

- overview of MiniBooNE
measurements

- antineutrino running
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Neutrino interactions and oscillations

- For example, in recent results onv - v search from MiniBooNE...

(arXiv:0704.1500v2 [hep-ex], to be published in PRL)

- Crucial to measure v , v, interactions from a variety of processes:

: provides cross section for v, CCQE, constrains v, flux,

background for oscillations
: measured in data, background for oscillations

. provides understanding of A production and therefore
input to A -> Ny background for oscillations

oscillation
signal reaction:
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- and understand/predict energy, angle, etc distributions.
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Neutrino interactions and oscillations
- Need to understand/model the underlying physics

(for v interactions on Carbon). E.g.:

. hucleon momentum distributions and form factors
: A form factors, resonant/coherent contributions

1\ 1\ 1) |\ 1\

- In addition, this physics just plain interesting....!

oscillation
signal reaction: Sackground: . background:
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The MiniBooNE experiment
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MiniBooNE v beam

- proton beam from 8 GeV
booster accel (at Fermilab)

- Delivered tfo a 1.7 A Be target

- within a magnetic horn pulsing
with beam spill @ 170 kA

- 4 x10'2 protons per 1.6 ps pulse
delivered at up to 5 Hz.

- (6.58+0.12)x10%° POT collected
in neutrino mode, 2003-2005

(POT="protons-on-target")
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HARF P__, =8.9GeV

peam

B=45 mrad i F.r' T 8=75 mrad

#=105 mrad = #=135 mrad

i
T
g
©
o
E
=]
B
B

#=195 mrad




nU nU

Pas
=
4
>
m
=

A9D 1°0 /X0 " Jo uonseg




~ Bl




MiniBooNE Detector

- 541 meters from target
- 12 meter diameter sphere
- 800 tons mineral oil (CH,)

- 3 m overburden

- includes 35 cm "veto region’

- viewed by 1280 8" PMTs [l
(10% coverage) + 240 veto

- Simulated with a GEANT3

Monte Carlo program
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MiniBooNE Detector

- 541 meters from target
- 12 meter diameter sphere
- 800 tons mineral oil (CH,)

- 3 m overburden
- includes 35 cm "veto region”
- viewed by 1280 8" PMTs |, _
(10% coverage) + 240 veto
- Simulated with a GEANT3 B8
Monte Carlo program
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MiniBooNE Detector

Signal Region




MiniBooNE Detector

- 541 meters from target
- 12 meter diameter sphere
- 800 tons mineral oil (CH,)

- 3 m overburden

- includes 35 cm "veto region

- viewed by 1280 8" PMTs
(10% coverage) + 240 veto

- Modeled with a GEANT3

simulation program

n

PMT
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Extinction Rate for MiniBooNE Marcol 7 Mineral Oil Timing Distribution for Laser Events (old tubes)

JHU 1 em Oil-Water
JHU 1 em Oil-Cyclohexane
FNAL 1 cm
FMALZ cm
FMNALScm
FMNAL l0em
MiniBooNE 1.6 m
@@ MiniPooNE 1.6 m variable length
— — Rayleigh Scattering (Isotropic)
@ @ Rayleigh Scattering (measnred isotropic)
- Rayleigh Scattering (anisotropic)

— prompt light

late-pulsing

Sum of Fuoorescence Rates
Fluor 4
Fluor 3
Fluor 2
Floor L

reflections

scattering (tail)

probabilityf(0.31 ns)

e
2]

£
=
e
o
o
8
=
o
w
g
(=]
=
o
8
=
.8
g
it}

Wavelength (nm) o j"l—El
corrected time (ns)




time structure of muon decay event
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No Cuts Tank hits > 200
Veto hits < 6
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v Events in MiniBooNE CCQE

MU P
-vinteraction products create » .
(directed, prompt) Cerenkov light and N\/
(isotropic, delayed) scintillation light . W D
\/\/
- pattern and timing of the light collected (CCTV: - ~
by PMTs allows for identification of events vulp,n)=u (p,n)m
(and position, direction, energy measurement) V -

v
0,¢

V
- muon energy/angle resolution ~7%/5 Ni\/H/
z_ it
M\ o
J

at 300 MeV
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v Events in MiniBooNE event displays:
- sizet amount of light
Muons - ‘.,

Sharp, clear rings g
/(
4
VB

/

Long, straight tracks

Electrons V]
Fuzzy rings /
/)

| ——3

R

Multiple scattering

Radiative processes

Neutral Pions

Double rings

Decays to two photons
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v Events in MiniBooNE

lor: detection time

i

Muons

Sharp, clear rings

Long, straight tracks

Electrons

Fuzzy rings

Multiple scattering
Radiative processes

Neutral Pions

Double rings

Decays to two photons
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v Events in MiniBooNE event displays:

- size: amount of light
Muons \ e

Sharp, clear rings

Long, straight tracks

Electrons

Fuzzy rings

Multiple scattering

, \ '
b 9 e " :
Radiative processes VA V

Neutral Pions —

Double rings N .
Decays to two phot\y S =
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MiniBooNE v Event Rates

v events currently "on-tape” :

- predicted by v interaction MC*
- with fiducial radius of 500cm

- before cuts

v channel events

all channels 810k

CC quasielastic 340k

NC elastic 150k

CCrr 180k

CCrt 30k|“cc” =

NC 1P 48k E:har”gied current
NC 1t 27k nNe(u:traI current

These (record-sized!) event samples
allow cross section measurements with
excellent statistical precision.

MNC g CCMNC
a0, DISMNT 4%
NC ”
6%

CCx'
LA CClE

425%

CCam
22%

MB v events

MC elastic o
189, composition

*MB v interaction MC:
v3 NUANCE code with:

- Smith-Moniz Fermi Gas

- (non-dipole) vector form factors
from Bradford et al

- Rein-Sehgal resonant/coherent 11t

- Bodek-Yang DIS
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CC v, Quasi—Elastic Cross Section

Serpukov, Belikoy, Z. Phys. A320, 625 (1985), Al

BNL, Baker, Phys. Rev. D23, 2499 (1981), 0,

ANL, Borish, Phys. Rev. D16, 3103 (1977), [,

FNAL, Kitagaoki, Phys, Rev. D28, 436 (1983), D,

SKAT, Brunner, Z Phys.C45, 551 (1990), CF Br

CERN—WA25, Aliasia, Nucl. Phys, B343, 285 (1990), D,

GGM, Bonetti, Nuovo Cimento, A38, 260, (1977), C;H,
CFsiBr

NUANCE v2 (free nucleon)
WMy = 0.84 Gev, M, = 1.0 GeV




[ |Monte Carlo
e Data

PRELIMINARY

Monte Carlo error bars from:

neutrino o,
light extinction,

& light scattering length
uncertainties
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CC Single Pion Production

CERN—WAZ25, Allosia, Nuel. Phys. B34 3, 285 (1990), D,
ANL, Barish, Phys. Rev. D19, 2521 (1979), H,, D,

ANL, Radecky, Phys. Rev. D25, 1161 (1982), H,, D,
BNL, Kitogoki, Phys. Rev. D34, 2554 (1986), D,

SKAT, Grabosch, Z. Phys. C41, 527 (1983), CF,Br
BEBC, Allen, Nucl. Phys. B264, 221 (1986}, H,

FNAL, Bell, Phys. Rev. Lett. 41, 1008 (1978), H,

ANL, Campbell, Phys. Rev. Lett. 30, 335 (1973), H,
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951 v,p events
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NC Coherent Pion Production Cross Section
60
¥ Aachen (NC), Faissner, PL 1258, 230 (1983), Al
O GGM (NC), Isiksal, PRL 52, 1096 (1984), CF,Br

— NUANCE (Rein—Sehgal)
Marteou (hep—ph/9906449)
Poschos (hep—ph/0309148)

— Kopeliovich (hep—ph /040807
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_vu CC total cross section world data

G.P. Zeller
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event rates with/without absorber plates E, distribution for antineutrino run

no absorber
! MC: line
PREI : Data: (stat) error bars

absorber
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MB anti-v events
composition




Antineutrino Scattering with MiniBooNE

Topics investigated:
- M, and differential cross sections in v quasielastic data

- joint analysis of v/ v QE data to measure interference term

- coherent 1° fraction and ™ differential cross section in v data

- measurement of wrong-sign neutrino contamination (from QE muon angle,
CC 1t in v data, and muon lifetimes)

- Van Nguyen, Columbia U. Poster Session, Friday
- NCT® distributions

- Teppei Katori, Session 5, Thursday
- v CCQE events

- Bonnie Fleming, Session 6, Friday
- v (+ "wrong-sign) CCTt events
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sSummary

- MiniBooNE has collected a large v -scattering data set (~800k events)
at E ~1GeV region, will enable increased understanding of v interactions

- Many new results reported over next days, dont miss them!
models of these processes.

- Ultimate goals included model-independent cross section extraction,

necessary for development and testing of more accurate, sophisticated
- MiniBooNE antineutrino running has commenced.
First look at results herel

The many contributions from MB collaborators
for this talk are gratefully acknowledged!
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