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Motivation

® v running is a subject of CP-violating (3+2)
much interest

e CP violation in v sector

e Difference in oscillation
probabilities for v, v

® Major experimental

obstacles: | CL
® 'V Cross sections not 8(9)5//3
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well known N
Pgoong (107)

® wrong sign

backgrounds Asymmetry of v,v oscillation probabilities
® vinavbeam in MiniBooNE versus v oscillation prob.
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Qutline

® MiniBooNE antineutrino
running

® First Data!

® VWrong Sign Backgrounds
® Physics Goals for first year

® Cross section physics

® Oscillations

® The future of the BNB:
SciBooNE

Images of the MiniBooNE horn
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Extract 8 GeV protons from Fermilab Booster
|.7 A beryllium target (HARP results soon!)

Reversible magnetic horn
Focusses mesons of specific charge
Allows antineutrino running!

50 m decay region
>99% muon neutrinos
both v and v

Fraction of Vi Flux /0.1 GeV

490 m dirt o SNV S \W
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240 in veto region \ AT SN

Switched horn polarity in Jan, 2006 .\._,_\"‘.‘.';:;;.1..j vl
About 0.8e20 POT so far! SN~
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MiniBooNE v Running

e ratoed mallugr

~96M pulses ~108M pulses 8 Number of Horn Pulses
(including tests) - o
To date: 193.47 million
Largest week: 2456 million

Latest week: 2.24 million

inbegrated E20
Number of Protons on Target

To date: 7.8538 E20
Largest week: 0.1085 E20
Latest week: 0.1021 E20

7.2
| , B 54

3.6

integrated
8500 Number of Neutrino Events
To date: 733848
Largest week: 11447

Latest week: 1785

e Antineutrino data means fewer events per POT
e Note also:a horn world record!
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Ran special reduced
current runs for several
weeks before polarity
change

Power supply polarity
switch began Jan 9

Expected to take two
weeks

® v run started Jan 19!

“Changeover went
flawlessly” - R.Van de
Water

M.O.Wascko

Horn Polarity Change

First Anti-neutrino Event (probably ~75%)
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b Event lyp event
Event Num: 15058
300 Mum Hits: 555 of 732 (724)
Tank Hits Date: 0171812006
e FMAL Time: 09:47:09
Trigger: Beamn

100 .
o Beam window

R.VandeWater
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Booster Performance

Frot<shour @ event 10 at 34->34ms.
Frot-ewvent: ewvent 1D at Z4-:34ms.
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Beam Performance

: Target temp and neutrinos...the protons
e A35 ye€ar old machine delivered are being put to good use!

has been pushed to run o
20 times more output redict 9aC |
x H for 9.2E16 p/hr
while keeping the losses
at the same level

&
° ﬁ
: g
0
L] , I i -g
o But |t S more than ]ust Neutrinos recorded and saved to tape 5

one good week

Neutrino Count since Jan 18/06

4
® Great performance ~15500 events todate/
throughout the run has
allowed MiniBooNE to
amass the world’s largest
v data set at these
energies

R.VandeWater
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Qutline

® MiniBooNE antineutrino
running

® First Data!

® Worong Sign Backgrounds
® Physics Goals for first year

® Cross section physics

® Oscillations

® The future of the BNB:
SciBooNE

Images of the MiniBooNE horn
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Wrong Sign BGs

® In neutrino running,

: 5

wrong sign backgrounds &

e

are very small (2%) 2
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antineutrino
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Wrong Sign BGs

In antineutrino running

they are much larger
(~30%)
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Cherenkov calorimeters
cannot distinguish Y-
from pU* (event by event)

Need a way to extract
the WS BGs!

G.P. Zeller

M.O.Wascko

neutrino
background
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Constraining WS BGs

® MiniBooNE has developed three methods of
constraining the overall fraction of v, v

® u direction
e u lifetime
® CCx" event selection

® |ndependent constraints
® Sensitive to total WS fraction

® Not sensitive to energy spectrum of WS
events
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WS BG Constraints:
U Directions

Softer Q? spectrum for
antineutrino events means

more fo rward-peaked M All Anti-v Events After CCQE Cuts

Reconstruction has little effect Allv Events After CCQE Cuts

on this constraint

WS fraction can be measured
to 7% with reconstructed
angles

Can also use Q2 distributions

® Similar precision

‘) -1 -08 -06 04 -02 -0 02 04 06 0.8 1
® Stronger constraint? Reconstructed Cos(6)

® Poorer resolution

® larger uncertainties
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WS BG Constraints:
CCtr+ Selection

Use CCri+ event
selection:

HN—>|J_1'r+N
events with two Michel

electrons

TI- captured by carbon,
do not decay

e Cannot tag

Tag v

VHN—vu"'Tr_N

events: only | Michel
Two Michel sample is
85% pure WS
Constrain WS fraction
with 15% uncertainty

Neutrino # before
# after cuts
type cuts
Vi (WS) 30,539 2,525
v, (RS) AR, 46|
Total 102,086 2,986

M.O.Wascko
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WS BG Constraints:

U Lifetime

Use muon decay rate in mineral oil to
constrain WS BGs

8% - capture probability on carbon

o T, =2.026ps, T

7 +=2.197us

U

Can extract WS contribution with 30%
uncertainty

Independent of kinematics and
reconstruction

M.O.Wascko

Close Michel x®/ndf 57.56/62 Far Michel ¥/ ndf 57.32/62
N 2064+ 22.7 N 1876+ 20.7

2070+ 15.5 T 2242+17.3

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

M.O.Wascko te'tv (ns) te'tv (ns)

U lifetime |J+ lifetime

Comparison of muon lifetimes

from CClx" data sample
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WS BG Constraints:
Summary

Measurement WS uncertainty | resultant Vu O error
cosO | 7% 2%
CClm 15% 5%

u Lifetimes 30% 9%

Note: not much sensitivity to WS energy spectrum!
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Qutline

® MiniBooNE antineutrino
running

® First Data!

® VWrong Sign Backgrounds
® Physics Goals for first year

® Cross section physics

® Oscillations

® The future of the BNB:
SciBooNE

Images of the MiniBooNE horn
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Status of Vu Os

® Very few data, especially at low energy
® Not much understanding of nuclear targets

e v, CCQE
® ~|/700 events
® v, NCr®

® Only one (1) measurement ever.

® | ook at past measurements, then
MiniBooNE data and expectations

M.O.Wascko
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Vv

CC QE Scattering

L
<E> Experiment | target date #QE evts

2 GeV | Gargamelle | C3HgCF;Br 1979 766
1.3 GeV BNL H, 1980 13

16 GeV FNAL NeH, 1984 405
6-7 GeV SKAT CF3Br 1988 92

9 GeV SKAT CF3Br 1990 159
5-7 GeV SKAT CF3Br 1992 256

NBI 2006
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1This appeared as a footnote in Faissner et al., Phys. Lett. 125B,230 (1983)

M.O.Wascko
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v, NC

e Only one measurement of

ON to

e

qu VHNTI'

date1

® 25% uncertainty at 2
GeV

Important for v

appearance searches

Coherent production
more apparent in
antineutrino scattering

[
i
Cl
N
a
©)

sFaissner, Phys. Lett. 125B, 230 (1983), Al
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v, CC QE: MiniBooNE

Quasi-Elastic Energy Distribution for Muon Anti-Neutrinos

MiniBooNE has
collected 0.8E20 POT

to date in v mode

e >|5,000 events!

Preliminary look at
data with early subset

of 5000 events
— cf. 1700!

The world’s first VM

events below | GeV!

M.O.Wascko

*
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VHNCHO

e Expect >5000 v, NC 1’ events
within fiducial volume for 2E20

POT
® MiniBooNFE’s event selection __ MC signal + background
] > MC background
requires. = . Data (statistical errors only)
k c
e Tank (>200) & veto (<6) PMT hit PRELIMINARY
Cuts No. s = 7208+ 144

+*/NDF = 150.06/98

® Two-ring reconstruction ! Mass = 0.1391 = 0.0005 GeV/c®
e m_0>50 MeV/c?

e Application of event selection

. 'é.:::::o,é" .é'.é Vo o reTde et
ShOUId yleld (9.05 0.1 0.15 0.2 025 03 035 04 045 05 (%.55
0
e |650 resonant events . n® mass (GeV/c")

® |[640 coherent events (Rein & -
Sehigal)

e ~|000 WS events
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cf. v, NC 70

Reweighted

7

Events/(5 MeV/c™)

4+ Data
— Full MC Fit n° 17.989% Coherent

Resonant Avg.FitCL. = 9.36%
— Coherent

— Background

0.2 0.4
E (1-cos @)

® Recent improvements in w0 reconstruction algorithm allow
better extraction of coherent fraction in neutrino data

o ~|8%
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Coherent NC 110
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e Coherent production in V mode should be obvious!

@)

G.P. Zeller

G.P. Zeller

e Given the K2K coherent CCI1T search, MiniBooNE’s v
NCn? search should be very interesting!
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Qutline

® MiniBooNE antineutrino
running

® First Data!

® VWrong Sign Backgrounds
® Physics Goals for first year

® Cross section physics

e CQOscillations

® The future of the BNB:
SciBooNE

Images of the MiniBooNE horn
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v, Disappearance

Oscillation appearance

searches are sensitive to CPV,
but not CPTV

® Need disappearance search

as well to distinguish
between CPV and CPTV

MiniBooNE can perform both
searches

Shown: CPT violating case

e V.. do not oscillate, but Vv

M u

do oscillate

E898 90% C.L. Sensitivity (2E20 anti-v CPTV)

01 02 03 04 05 06 0.7 08 09 1

Note: no published limits on

CPTV Vu disappearance

M.O.Wascko
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V_ Appearance

e Recall, LSND oscillations
were seen in antineutrinos
V. —>V
* Vi e
® True confirmation can MiniBooNE 6.0E20 pot
only be made with

antineutrino running! (90 % CL. and 3 0)

e Shown: appearance
sensitivity region for
antineutrino oscillations in
the case of no oscillations in

neutrinos ) )
e Compare to LSND- W7t
KARMEN joint analysis (vu7>ve)

allowed region

A.A.Aguilar Arevalo

e Statistics limited! 20
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Qutline

® MiniBooNE antineutrino
running

® First Data!

® VWrong Sign Backgrounds
® Physics Goals for first year

® Cross section physics

® Oscillations

® The future of the BNB:
SciBooNE
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) B
| B

BN Bk : Spokespeople:
B~ & & A, = e B _ T. Nakaya, Kyoto University
o e ey 3 M.O.Wascko, Imperial College
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v.. WS Constraints

1track

CC-QE

CC-1n

CC-multir
NC

K. Hiraide rec. Ev (GeV) rec. Ev (GeV)

* MiniBooNE: ~15% uncertainty on WS BG in 4 bins (0-1.5 GeV)
* SciBooNE: ~7.5% stat. err.in 2 track sample in 4 bins (0-1.5 GeV)
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Conclusions

® MiniBooNE began running in antineutrino
mode in January 2006

® Already the world’s largest data set at these energies!

® Opening up the antineutrino cross section landscape
with first v data

® We have developed several novel techniques
to constrain the overall level of WS BGs

New V cross section measurements coming

® SciBooNE will bring enhanced v cross
section capabilities to the BNB in 2007

® Sensitivity to antineutrino oscillations will
require more data!

NBI 2006 M.O.Wascko 8 September, 2008






Imperial College

WS BG Constraints:
U Direction

Softer Q% spectrum for
antineutrino events
means more forward-

peaked Y

Can fit angular
distribution shape and
extract RS/WVS fractions

Using generated muon
directions, can extract
WS fraction with 5%

uncertainty

-1 -0.8-0.6-0.4-0.2 0O

0.2 0.4 0.6 0.8

G.P. Zeller
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WS BG Constraints:
U Direction

MiniBooNE has very
Muon Tracker Data

good angular 400 MeV < E, < 500 MeV

reconstruction Y 2
- Fit func: C,xe 2*

Tested with cosmic muon \ 0=45°
calibration system

Fit distribution of

cos ! (Tpgurr - Upir)

0y
e x° /20

(projection of a 2D Gaussian)

Extract intrinsic
resolution of muon
tracker

Angular resolution = 4.0°

M.O.Wascko 8 September, 2008
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v, CC QE Scattering

CC v,bar Quasi—Elastic Cross Section

B Serpukov, Belikov, Z. Phys. A320, 625 (1985), Al
A SKAT, Brunner, Z. Phys. C45, 551 (1990), CF,Br

® Few Vu QE

measurements
® None below | GeV

® MiniBooNE expects
~40,000 events
before cuts for '
2E20 POT

G.P Zeller
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Vv, CC QE Scattering

CC v, bar Quasi—Elastic Cross Section

= Serpukov, Belikov, Z. Phys. A320, 625 (1985), Al
4 SKAT, Brunner, Z. Phys. C45, 551 (1990), CF;Br
¥ GGM, Armenise, Nucl, Phys. B152, 365 (1979), C;HsCF4Br

0 (107 cm?)

NUANCE (nucleon bound in *C)

e

CC v,bar Quasi—Elastic Cross Section
o Few VIJ @)=

measurements
© BNL, Fanourakis, Phys. Rev. D21, 562 (1980), H,

® None below | GeV S 15 NUANCE (free nucleon)
M, = 0.84 GeV, M, = 1.0 GeV

e MiniBooNE expects
~40,000 events
before cuts for
2E20 POT

—
o
Kl
N
o
O
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CCmr Events

<E> Experiment target date HCCTT evts
1.5 GeV Gargamelle C3HgCF3Br 1979 282
5-70 GeV FNAL H, 1980 247
5-200 GeV BEBC D, 1983 300
25 GeV BEBC H, 1986 375
7 GeV SKAT CF3Br 1989 120
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Vv, CC QE Scattering

Expect ~32,000 v, CC QE interactions within fiducial

volume for 2E20 POT

MiniBooNFE’s current CC QE event selection:

e Tank (>100) & veto (<6) PMT hit cuts

e Fisher discriminant cut on event topology parameters
® Select single, u-like ring

Using CC QE event selection, expect ~19,000 events

o /5% pure QE (30% of those are WS)

e May be improved with further refinements for vu

Using WS constraints, expect to measure VIJ CC QE cross
section with ~20% uncertainty

M.O.Wascko
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