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MINERMINERννAA**
MMain ain ININjectorjector EExpexpeRRimentiment for for νν--AA

MINERνA is a compact, fully active neutrino detector 
designed to study neutrino-nucleus interactions with 
unprecedented detail

The detector will be placed in the NuMI beam line 
upstream of the MINOS Near Detector

To provide improved precision neutrino cross-section 
measurements at neutrino energies from 1 to 15 GeV

* goddess of wisdom and technical skill
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Basic DetectorBasic Detector

MINERνA proposes to build a low-risk 
detector with simple, well-understood 
technology

Active core is segmented solid scintillator
Tracking

including low momentum recoil protons
Particle Identification
3 ns (RMS) per hit timing

track direction, identify stopped K±

Core surrounded by electromagnetic and 
hadronic calorimeters

Photon (π0) & hadron energy measurement

MINOS Near Detector as muon catcher

MINOS Near Detector 
(~1000 tons)
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Detector LayoutDetector Layout

Veto Wall

Nuclear
Targets:
6.2 tons

ν

Fully Active 
Target:
8.3 tons

Side ECAL Ring (Pb) 0.6 tons Side HCAL Tower (Fe) 116 tons

DS HCAL:
30 tons

DS ECAL:
15 tons

Side ECAL

Side ECAL
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Inner Detector OpticsInner Detector Optics
(Outer Detector has similar optics but rectangular scintillator)

Optical 
Connectors

Scintillator and 
embedded WLS fiber

Clear fiber

M-64 PMT

PMT Box
Muon

Basic Element: 1.7 x 3.3 cm2 triangular strips
(1.2 mm Wavelength-shifting fiber readout in center hole)

Scintillator assembled into 128 strip planes
Position determined by charge sharing

gives precise hit resolution, σ ~ 3mm  
For long tracks (muons), get many space points

excellent angular resolution and <1° for exiting muon tracks
Angular resolution (deg)
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ElectronicsElectronics
Front-end Electronics

One board per PMT
High Voltage (700 ~ 800 V)
Digitization via TriP-t Chips, taking 
advantage of DØ design work
Timing

CROC Boards and DAQ
One board per 48 PMTs
Front-end/computer interface
Distribute trigger & synchronization
3 VME crates & one DAQ computer

Power and Rack Protection
Uses 48 V power
7 kW needed

Fermilab Network

DAQ
Computer
with RAID

Cluster

Permanent
Storage

Control Room
Console

VME Crates

PVIC/VME Interface

CROC VME
Readout

Module (x11)

M64 MAPMT and
TRiP-based Multi-Buffer
Digitizer/TDC Card with
Ethernet Slow-Control

Interface
(12 PMTs/Ring)

LVDS Digital Token Ring
(4 Rings/VME Module)

Two-tier
Low-Voltage

Distribution System
Optical Fibers
From Detector

48V, 20 A  DC

DAQ Computer 
with RAID Cluster

M64 MAPMT and 
TriP-t based Multi-Buffer 
Digitizer/TDC Card with 
Slow-Control Interface 

(12 PMTs/Ring)

Optical Fibers 
From Detector

Chain-ReadOut
Controller (CROC) VME 
Readout Module (x11)

VME Crates

Storage
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Existing Measurements ofExisting Measurements of
NeutrinoNeutrino--Nucleon Cross SectionNucleon Cross Section

Why need to know more about cross section at 1 to few GeV?
Experimental errors on total cross-sections are large
Understanding of backgrounds needs differential cross-sections on target
Theoretically, this region is a mess (transition from elastic to DIS)

Lipari, Lusignoli and Sartogo, PRL 74, 4384 (1995)

Neutrino energy (GeV)NuMI range 1~20 
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Event RatesEvent Rates
Total 13 Million Charge-Current (CC) events

Assumes 16x1020 protons on target in NuMI beam over 4 years

> 230 K fully reconstructedStrange and Charm Particle Production
85 K CC / 37 K NCCoherent Pion Production
4.1 MDIS Low Q2, Structure Functions

2 MTransition: Resonance to DIS
1.6 MResonance production
0.8 MQuasi-elastic νN scattering

Expected Statistics in CH [event]Main CC Physics Topics

1.4 M0.5 tonsLead (Pb)

1.4 M0.5 tonsIron (Fe)
1.4 M0.6 tonsCarbon (C)
8.6 M3 tonsPolystyrene (CH)

Expected CC samples [event]Fiducial VolumeTargets

Nuclear 
effects 
study
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Example CapabilitiesExample Capabilities
CC QE: Form Factor MeasurementsCC QE: Form Factor Measurements

MINERνA estimated Axial Form Factor, FA(Q2) with electrons
Shown how deviated from a pure dipole form factor with MA=1.014 GeV/c2

The electric form factor, GE(Q2), scales used in this plot are based on
polarization transfer measurements performed at Jefferson Lab. (red)
measurements of total elastic electron-nucleon scattering cross section (magenta)

Showing also the extraction of FA from the deuterium experiments
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Example of Analysis PotentialExample of Analysis Potential
Coherent Coherent PionPion ProductionProduction

Expected MiniBooNe & K2K measurements

MINERvA’s nuclear targets allow the first 
measurement of the A-dependence of σcoh across 
a wide A range Distinguish between models

Rein-Seghal model

Paschos- Kartavtsev model

A of target nucleus

4-year run

Provides a test of the understanding of the weak interaction
Cross section can be calculated in various models

Neutral pion production is a significant background for neutrino oscillations
π0 shower easily confused with an electron shower: νµ νen e-p, νµ A νµπ 0A
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How MINOS will use How MINOS will use MINERMINERννAA
(Neutrino Scattering Uncertainties)(Neutrino Scattering Uncertainties)

The field of oscillation physics ready for a statistical take-off
Goal: precise ∆m2 measurement from νµ disappearance measurements vs. Eν
Biggest systematic concern about the measured energy

Visible Energy in Calorimeter ≠ true Eν

Due to π absorption, rescattering, and final state rest masses
Nuclear effects studied in charged lepton scattering, from D2 to Pb

But, corrections predicted different between e/µ−Α and ν−Α scattering

π

µ
Improvement in 
systematic error

D.A. Harris, et al., hep-ex/0410005
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SummarySummary
MINERνA is unique in worldwide program

The NuMI intensity (~103 times more than previous) provides

Opportunity for precision neutrino interaction measurements

Wide range of neutrino energies

Detector with several different nuclear targets allows 1st study of 
neutrino nuclear effects

Crucial input to current and future oscillation measurements

Project schedule
2006:  R&D, Prototyping and Test process

2007:  Build Tracking Prototype

2008:  Construction begins, cosmic ray data on Prototype

2009:  Construction ends, Installation begins
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Backup slides: Backup slides: NuMINuMI Beam Beam 
120 GeV
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Detector PlaneDetector Plane

30,272 channels (80% in inner hexagon)
473 M-64 PMTs (same PMT to MINOS Near Detector)
1 wave length shifting fiber per scintillator
128 pieces of scintillator per Inner Detector plane
8 or 12 pieces of scintillator per OD tower (6 towers)
Data rate (bits/spill) 7.9E+6

19610849Total

20205DS HCAL (steel)

20105DS ECAL (lead)

1206030Active target

36189Nuclear target

Scintillator PlanesFramesModules

• Lead Sheets for EM calorimetry

• Outer Detector (OD) Layers of 
iron/scintillator for hadron calorimetry

• Inner Detector (ID) Hexagonal X, U, V 
planes for 3D tracking

3.5 m

4 
m
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Helping Helping NONOννAA and T2Kand T2K
Measurement of sin22Θ13 with NOνA

Predicting background accurately
At first, claiming discovery based on an excess above background
Later, precision measurements with neutrinos and anti-neutrinos

NOνA, T2K’s near detectors will be a very different mix of events than the far detector
To make accurate prediction, needs energy dependent neutrino cross sections (1-4 GeV)
MINERνA can provide these with NuMI beamline Low Energy running

5% / 10%5% / 20%5% / 10%5% / NA
δσ/σ after 
MINERνA 
(CC / NC)

20%100%40%20%δσ/σ NOW 
(CC & NC)

DISCOHRESQEProcess

Without MINERνA, NOνA risks being 
limited by cross section uncertainties

Current accuracy

With MINERνA

Total fractional error in the predictions


