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Two detectors, 735 km apart -

Duluth d

* Near and far detectors:
Magnetized tracking calorimeters Madison

* Alternating layers of steel (1” thick) and
scintillator (1 cm thick, 4.1 cm wide strips

* Exposed to NuMI neutrino beam
Few-GeV v, beam, FNAL to Soudan
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Neutrino oscillations from near to far

(Monte Carlo)
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Event topologies in v appearance search

(Monte Carlo)
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Selecting v _charged current events

* A first round of cuts removes...

obvious tracks (via event length, etc.)
events outside of 1-8 GeV energy range
events outside fiducial regions

* Followed by a cut on a discriminant
(ANN) derived from shower profile fits

* Example: Shower fit fall off (parameter b)
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Input event

* A secondary selection method (Library 5 109 e
Event Matching or LEM) also used & Jodf I e
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Near detector events

v, candidates in the near
detector (ANN selection)

Data and MC differ by up to 25%, but...

... are consistent given the large hadronic
model uncertainties (red error band)

We need not rely on the simulation
of the primary backgrounds

Observed near detector rate is converted
to a far detector prediction via the
Monte Carlo simulation

Monte Carlo is needed to incorporate, e.g.:

beamline geometry
detector solid angle
readout differences (near vs. far)
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Background decomposition

0x10'" POT

Events / 1 GeV /1

« Transport of v, CC component to far det.
requires application of Posc(vu—wu)

* Could use MC to estimate fraction of

background that is v, CC

* Better: measure NC and CC components
by turning off focusing horn, greatly

enhancing NC fraction
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See S. Swain later today for the details of this technique.
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At the far detector

* Two more small but non-negligible
backgrounds, with predictions taken

from the Monte Carlo:

- v_charged current
(from v oV, oscillations)

- v _charged current

(intrinsic beam component; constrained

Events/ 1 GeV / 1.0x10%° POT

(*)

y

observed v, rate at near detector)

* Detector differences lead to syst. HadronEnergy [~
errors when turning the near det.

data into a far det. prediction:
Attenuation
Readout (single vs. double)
PMT design
Crosstalk
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v _appearance result

With 3.14x10*° protons on target and with the primary selector (ANN):

observed v_charged current candidate events: 35
background-only expectation: 27 + 5(stat.) + 2(syst.)
(1.50 excess)
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Using secondary selector

LEM selector gives consistent result:

Data Excess Events/3.14x10%° POT

observed v_charged current candidate events: 28
background-only expectation: 22 + 5(stat.) £ 3(syst.)
(1.00 excess)
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Oscillation interpretation

Feldman-Cousins C.L. contours for ANN
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Oscillation interpretation

Feldman-Cousins C.L. contours for ANN
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What's next?

* Full analysis currently underway
with more than twice the data
(7x10*° protons on target)

Full data sample's sensitivity if...
...best fit stays the same -
. . n 2 —
...or best fit shifts to sin (2913)_0 ~a

* These sensitivities do not include several
improvements expected for full analysis:
- Enhanced v _selection algorithm

- Better cross talk handling
- Reduction of key systematics
(e.g., PMT gains)
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* Look for the clarifying 7x10%° p.o.t. result next year!
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Muon-removed sample
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current event (clean muon track)

* Remove the hits associated with
the muon track
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Muon-removed events in near detector
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Far detector prediction

* Breakdown of far detector background prediction below

* Two decomposition methods:
1. Horn on/off — official method (p. 8)
- Changing the spectrum changes proportions of CC and NC
- Extract the CC and NC fractions from data
2. MRCC - independent cross check
- Correct Monte Carlo events using PID response of
muon-removed showers in data

* Answers are consistent!

Total NC | v,CC | v.CC |v,beam

Horn
27 18.2 51
on/oli 1.1 2.2

MRCC 28 21.1 3.6




Inverting the PID cut

Events/3.14x10%° POT

* Before looking at the signal region, we tested the signal-free region
* No problems seen (insignificant excess for both selectors)
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Applying selection to muon-removed events

* Before looking at the signal region, we tested the signal-free region
* Slight excess for both selectors; more data should clarify situation
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