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Motivation: Why the neutrino scattering
measurements are &mgyar&av\&?

o Measurements of neubrino-nucleus scabtering cross
sections is crucial to the global neutrino physics

program to reveal the nature of neutrinos!!!.

o Part of the program that needs interaction cross
sections are the accelerator based experiments
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Motivation: Why the neutrinoe scattering measurements are

impor%am&?
Quasi-Elastic (CCQRE)
knockout nucleon

JA. Formaggic and G.7. Zeller
Rev. Mod. Physics $4,1307-1341 2012

b NEUTRINO REACTIONS AT ACCELERATOR ENERGIES *
C.H. LLEWELLYN SMITH A
k Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305, USA \

MINER VA

- =

O N B O ® o N B

Resonance Production
(RES) ‘

excite nucleown

o O O

S
@
2
E
o
3
4
w0
P
K/
©
a
§
>

(DIS)
cie.sﬁrarv nucleon

V
Accelerator neukrino

exparimem&s
i the eherqgy region most
aomytéaa&ed
4 bj nuclear environment



Motivakion: Whj the heutrino scattering
measurements are meor&an&?

o Nuclear processes affect the
final state combent, and this
V\é@.d &C) be mad&i&d CO‘““QC&L? under cons

to reconstruct the neubtrine = ;‘7,-. 3"’
energy, St
o Need to understand nuclear " ~— N
s g 4 - at 4850 ¢ . T i k PN, v - “\x
physics to do neutrino physics - e

o If the current khowledge of
neutrino-nucleus interactions
does not improve, fubure
experiments Like LBNE will
have a difficult time meeting
their physics goals,




Motivation: Why are important the neutrine
scattering measurements?

o T2K is a currently running oscillation experiment in Japan. Its latest
resulks show the latest “state of the art” in predicting electron neutrino
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The NuMl Beam and
MINERVA Detector




120 GeV
protons

From
Main Injector

Neutrinos/cm%GeV/POT

NuMI Beam (Neubrinos at Main Injector)

Target Hall Decay Pipe

Neutrino Flux

~—— Medium Energy

—— Low Energy

MINERvVA Prelimina
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Energy (GeV)

Absorber Muon Monitors

o Very intense neutrino beam with a power of
300 -350 ki and ~ 35el12 POT (Protons on
Target) per spill.

) SF'E,LL + 10 microseconds durations ok ~0.5 Hz
nfrequevxcv.

o Energy distribution can be tuned by changing
position of the target with respect to the
horis,

o Antineutrino beam is obtained by reversing the
current in the magnetic horns to focus Pi-
ihstead of Pi+



NuMl @ Neubtrino

NuMI Low Energy Beam, Right Sign
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Neutrino Energy (GeV)

o GEANT4 model constrained
by NA49 and MIPP (pi/k ratic
c:Mi.j); current flux has ~10%
uncertainties in focusing peak
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NuMI: Total data collected (Low Energy Run)

N

POT delivered by NuM
POT recorded by MINERVA
(55% of MINERVA) Special
Run
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Muon hu LE: 39%e20 P0OT

Muon ankinu LE: 1.70e20
rOT

s[aec:mi. runs: 49419 vOT
Livebime: 97.2% MINERVA.

93.3% MINOS Near
Detector



NuMI: Total data collected (Medium Energy Run)
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o Accumulated 2.2e20 POT -> SQF’& 2013 - Mav 2014

o More than half of LE POT already

11



o

o

3

o

3

MINERVA Debtector

Elevation View

Active Tracker
Region

A% Bearn;_s tons total

Steel Shield
Scintillator Veto Wall
Nuclear Target Region
(C, Pb, Fe, H20)
Hadronic
Calorimeter
MINOS Near Detector
(Muon Spectrometer)

3 orienkakions
0, +60,~60

Detector comprised of “120 modules” stacked along the beam direction
Central regiown is ﬂfmetj segmented scintillator bracker

Calorimeters are scintillator + Iron or Lead

Upstream targets composed of Iron, Lead, Carbon, Water and Helium

~ R Ptas&&a scinkillator s&ri.,[a chawnnels btotal
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MINER VA Nuclear Passive
Tarqets

T
Carbon /[ Lead |/ Iron

" alid

Lead [ Iron e

Prototype
Water Target

SN
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MINERVA Debtector

W

Tracker module = 2 planes
ECAL module = 2 planes + 2 (2 mm thick) sheet of lead
HCAL module = 1 plane + 1 (1 inch thick) sheet of steel

CROC
VME Readout

HO\M~&E;M
MA &4 PMTS

Fromt End Board FEB
Trip-T chip interfoce the PMTs 14

Triangular strip to
allow charge

O [

Particle

Extruded
scintillator strip

sharing

16.7 mm

Wavelength shifting

(WLS) fiber




MINERVA Detector

Particle leaves ner

detector sEc:rps i outer

3 stereo views X=U-V show separa&ei.v iron calorimeter
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Muown leaves the
back of the detector
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headed toward MINOS Hit Energy (MeV)
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MINERVA Detector: More than just a
detbector!

~ 60 collaborators from nuclear and particle

[ak-jsi,cs i amw
University of California at Irvine
Centro Brasileiro de Pesquisas Fisicas
University of Chicago
Fermilab
University of Florida
Université de Geneve
Universidad de Guanajuato
Hampton University
Inst. Nucl. Reas. Moscow
Mass. College Liberal Arts
University of Minnesota at Duluth

Universidad Nacional de Ingenieria '
Northwestern University
Otterbein University
Pontificia Universidad Catolica del Peru
University of Pittsburgh
University of Rochester
Rutgers, State University of New Jersey
Universidad Técnica Federico Santa Maria
Tufts University

. William and Mary
EX LS b il =




MINERVA Debector : Where do Ehe muoins
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MINERVA : A Look At [

ID Outline

MINOS Partial Plane
(4/5 planes in the first 120)

Energy threshold for a muon to exit MINERVA

and be bracked inko MINGS is around 2 CGeV

Good angular acceptance up to scattering angles
of about 10 deqgrees with Limit about 20 degrees.

Muowns that does nobk reach MINGS can also be
amatjz.ad but no charge measurement is possibi.e.

We are Curren?:tj cieveiopi,hg algorithms in
reconstruction for muons contained in the

detector
17

forward muon spectrometer. MINOS
maghet allows the reconstruction
of the charge and the momentum
of the muon generated in the
MINERVA detector.

l ! ' ! ! I

LE Monte Carlo

—— W contained in Inner Detector (ID)

—— W enters Outer Detector (OD)

—— 1 track ends in ID/OD border region |
—— 1t matched with energy in MINOS

—— W matched with a track in MINOS
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MINERVA Detector: Muoi E?Mergj Scale
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ALl wuons used in the MINERVA
amatjses are momenbum
amatjz.ed A MINOGS near debector
- By range in the steel or by
curvabure in the magnetic field!
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Error Source Error
MINOS Range 2.0%

MINOS Curvature (p, < 1GeV/c) 2.5%
MINOS Curvature (p,, > 1GeV/c) 0.6%

-8.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10
=1l . 1 _[GeV'c]

Pcurv I:’range

MINERVA dE /dz (scintillator events) 30 MeV ‘ L b b
MINERVA dE/dzx (C, Fe, Pb events) 40 MeV @ ETrror ol reconstruction Y

11 MeV curvature relative to range

MINERVA mass (C, Fe, Pbevents) 17 MeV s taken ko be the
e difference between the
meain of the Gaussian fiks
i Dakta and MC

MINERvVA mass (scintillator events)

1%



MINERVA Detector: and what about the

High Statistics MRt 4
monitoring of
the

detector enerqy
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MINERVA Detector : Recoil Elfhergv Scale
Beamline overview

o Incoming 16 Gev Fiohs -» O 4 - 2
GreV

o Time of flight TOF scintillator
counters, measure kransit time of
particles

o Hits on Proportional Wire
Chambers(PWC) PWCL through
PWC4 help reconstruct the
trajectory of the charged particle.

PWC OCCUPANCY PLOTS

MY W

o shena |
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MINERVA Detector : Recoil Energy Scale
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T977 + MINERVA Preliminary

Positive Pions

Data with Stat. Errors
MC with Syst. Errors

0.6 0.8 1 1.2 1.4 1.6 1.8
Pion Total Energy = Available Energy (GeV)

"MINERVA/ T977

. PRELIMINARY

16 GeV
incident
pion beam

Fit momentum (GeV/c)

Events per 250ps x 25MeV/c

R o el
accidentals

Time of flight (ns)

e MUMI-MINERVA + MTest Te.rf:ia\rv Beam

o The test beam had a major importance project to
calibrate absolute energy response (hadron
calibration) of the MINERVA detector.

o high energy charged plon response unaer&aim&v LS
~ 8%



Conclusions & Fubture
Foersyeaﬁves

o MINERVA detector is working well and meeting its
desigi spe&i{i&a&ion&

o MINERVA has all its Low Enerqy (LE) data and is very
busy analyzing it (Also the ME data will be great for
fubture analysis and new ideas!)

o Stay tuned for the exciting incoming
i this conference

o -> Charged kaown prodm‘:ﬁam abk MINERVA

o -> Quasi-elastic neutrino scattering at
MINERVA

RR



THANK YOU!
GRACIAS,
OBRIGADO!







NuMI : Future of Neubrino Flux
Tunining
o Future flux measurements
will be improved by mulki-
pronged attack: Data with
different horn current and STy

—— 1e1002200i (Total POT=6.2x10"")

L 5 —— 160102185i (Total POT=1.0x10%) |
&a\rgé-& POSL&LQ WA ‘ ? —— 160102000i :Total POT=6.7x1018:
&om{iguraﬁoms 3 )f
| O
® New hadron production data
LW
(NA@l QXFQ\'EMQM& ak CEQN) . %2 4 6 8 1012 14 16 18 20
| Neutrino Energy GeV)

o In sibu measurement from
muoh fux via muon
mownitors
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MINERVA Detector : Muons Tracking X
Matching E:H:iciewcv

u Tracking x Matching Efficiency

'Method
Use muon in

MINOS that point

backs to
MINERVA and try
to find a match in
MINERVA

Minos Muon Momentum (GeV/c)

R7



Neubtrino | nergy
resolubion inclusive

Generated - Reco E, (GeV)
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Recoll reconstrucktion

o Weighted sum of all visible energy
QX&QF’& MMO M ehﬁrgv‘ calorimetric Fiocoi] = @ X Zc.iEz-

[/

i = {tracker, ECAL, HCAL,OD}
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Example of aPMT Charge
du,s%m u&om W\ eo&:‘:k _z




