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* charged pion production
* coherent pion production
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ing arXiv:1209.2243 and arXiv:
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* Gonclusions and Future
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MINERVA Detector
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e 120 modules for tracking and colorimetry (32k readout channels)
o (Cowmpletion in Spring 2010,.
e The MINOS near detector serves as a muon spectrometer.

Nucl. Inst. and Meth. A743 (2014) 130 6



Neutrino Event
Generator (GENIE)

* [ncludes a lot of physics: electron scattering, final state
interaction (FSI) models, and nuclear physics models

* Provides framework for realising physics analysis for neutrino
(especially oscillation) experiments

* NOVA, lceCube, MINERVA EO—
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Publication forthcoming
on arXiv:1406.6415

Results: Charged

Pion Production
e / 304220 POT neutrinos

A zIs
p(n) 44, |




Even’r selection

10 v+ A=W+t + A ” V+A—>M +7T +A 103 v, Tracker — " 1" X (W< 1.4 GeV)
2] 25 NERVA Preliminar; .|_,
£ ';’.%LZ“”“' iiii ~+ Dat E ZBLZ“"“' iiii No 35| Area Normalized (MC x0.98) —¢— Data
3 [conp 2 — C 2.99¢+20 POT ' Pion Mi
20 — . > [ L . Fion 51D
I Pio D B CC v, Multi x
Proton » 30 . |E, >10GeV
15 ot e - W, > 1.4 Gev
1"': - P NotCCv,
o o 250 | 1] Outside F.V.
. ~— ™ B Signal
_-._ ‘- .
5 ~ 3 20[ .
_— — 0 5o e g I
% 0.1020304050607 0809 1 b 0.10.2 03 0.4 0506 0.7 08 08 1 B 15
Proton Score Proton Score % ™
&
Event tai tehed i "

MINOS.

O 05 1 15 2 25 3 35 4

* Events contain at least one hadron W fi"(‘f”m .
» v, Tracker — p” Nn” <1.8Ge
fl’aCk. ‘“‘2 35| 1A0r:a Noy&igg;gf x0.98) ~+- Data
: : > 1 o
* Only tracks which stop in the Ecal or S 0 e
tracker region are accepted. S 25 - o
) RpaEans! g 20 s
* Pions are identified by dE/dx, and the 5 . .
existence of a Michel electron at the g,
end of the pion track. o

J 15 2 25 3 35 4
9 W,,, (GeV/c?)



MC scaled by 070
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Take away

* Measurements constrains interaction rate
and final state interactions in pion production.

* The contribution from Final State Interaction
(FS1) is significant.

* Needed to improve signal and background
predictions for oscillation experiments.

* Agreewment with GENIE.
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Publication forthcoming

Results: Coherent
Pion Production

3.04¢20 POT wneuvtrinos
2.01e20 POT antineutrinos
\‘\W/t/ Existence of pion and muon with no nucleon
qt — bmauku;ic (quied’r l;/e):"fex) and Ilow mo:iuep’rum
/X/I\X\ transferred between nucleus and pion.
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Events / 0.025 (GeV/c)?
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antineutrino

Vo+tA—=ut 4+ +A

POT

O ______

MINERVA Preliminary

2.01e+

P— QE

—+ DATA
% coH

Normalized
20 POT

[ RES W<1.4

B 1.4<W<2.0

fws20
Other

All Background Tuned

0 0102030405060.70809 1

Reconstructed Itl = (g- p) (GeV/c)?

Vp+tA—=ut+ +A

MINERVA Preliminary
700 POT Norgalized _+_ Data
2.01e+20 POT
= Monte Carlo
600+ ,
I ~ | Tuned Bkgd
500¢
400

/
/ 7]
0( %!

Ui ittt

0 0.1020304050607 0809 1
Reconstructed Itl =

= (q-p,)* (GeV/c)*

Events have almost no

vertex energy. v
Separation of coherent

scattering from incoherent
background by slope of Hl
due to the slope being
different for diffractive
and resonant processes.
Sideband is selected as the
incoherent background, is
tuned to MC to minimize x2

13

Events / 0.025 (GeV/c)?

nevtrino

0P Vp+tA—=uw +at+A

—

o
o)

o

o
o

0

,_

MINERVA Preliminary

: —- DATA
Emassopay I coH
< QE
[ RES W<1.4
B 1.4<W<2.0
fws20
Other

All Background Tuned

0.102030405060.70809 1

Reconstructed Itl = (q-p )’ (GeV/c)*

0P vp+tA—=uw+at+A

1.2 | MINERvA Prel iminary

- POT Normalized
- 3.05e+20 POT

—— Data

~— Monte Carlo

1E
- h .
~~| Tuned Bkgd
0.8j%
0.6
0.4}
0.2H
:/‘?f}/ X 0000000
0 NN AN A s
0 0102030405060.70809 1

Reconstructed Itl

= (g-p,)* (GeV/c)*



Results: Cross section
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Take away

* Pata shows a harder and more forward pion
distribution than GENIE.

* The selection of low ltl events allows a model
independent measurement of coherent pion production.

* (Can be used fo set systematic for oscillation
experiments.

* [n the NuMI ME configuration, multiple passive targets
(Ph, Fe, C) will allow a measurement of A dependence.
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Results: Inclusive
Charged Current
o Scattering

i 2.94¢20 POT neutrinos
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Event Selection

3"C/1"Fel/1” Pb
166kgl169kgl121kg

* Events must have a
muon in MINOS.

* Target vertex must be in

5" Fe | .5” Pb
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Take away

o

eV/

* This is not deep inelastic scattering.

structed Q? (G

* Theory input needed!

b 3 va‘l'a is "0‘[’ reprOduced bv simu'a«rion. Reconiructed Bjorken x

* (an be used to improve estimate of systematic for
oscillation experiments.

* Unexpected excess at high x and deficit at low x points
to improvements needed in models ( fermi motion + 7

and shadowing).
. PANIC NOW




Published in PRL and arXiv:
1205%.2243% and arXiv:
1305.22%4

Results:Quasi-Elastic
Scattering

i 3.98¢20 POT neutrinos

=
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1.70¢20 POT antineutrinos



Event Selection, Results
and Take away

* Simple event selection requires Tz mme
single track with matching g
track in MINOS. i
* Requires no more than 1(2) T PP

additional blobs for anti-vly) e

* Basic relativistic fermi gas t
model disfavored. 2.

* lncreasing axial mass disfavored.

PANIC NOW




Conclusions and Future

* MINERVA is important in developing neutrino generators
(GENIE), required for oscillation experiments.

* MINERVA ME data run has begun.
* Possibilities to extend the MINERVA program.

* Many analyses in progress, expect CCPi0, K production, NuE
elastic in the coming months.

* Sowme results show broad agreement with model predictions
and others significant disagreement. No need to PANIC,
NOW we have observation.

. DON'T PANIC NOW




