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MinerMinerννaa
(FNAL E(FNAL E--938)938)

IntroductionIntroduction
Physics MotivationPhysics Motivation
GoalsGoals
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Particle physicists’ quest…Particle physicists’ quest…

Ogres are like Ogres are like 
onions.onions.

They stink?They stink?

Yes. NoYes. No

Oh. They make Oh. They make 
you cry.you cry.

NoNo

Oh, you leave ‘Oh, you leave ‘emem out in out in 
the sun, they get all the sun, they get all 

brown, start brown, start sproutinsproutin’ ’ 
little white hairslittle white hairs

No. Layers. Onions have No. Layers. Onions have 
layers. Ogres have layers. layers. Ogres have layers. 
Onions have layers. You Onions have layers. You 

get it? We both have get it? We both have 
layerslayers

Oh, you both have layers. Oh, you both have layers. 
Oh. You know, not Oh. You know, not 

everybody like onions.everybody like onions.

HeHe totally lost totally lost 
it…it…
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Photon

Gluon

Weak Force
Bosons

Graviton
?

Current StateCurrent State--ofof--thethe--
Art “matter peeling” Art “matter peeling” 
(Standard model of Particle physics)(Standard model of Particle physics)
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Of course, the electron is Of course, the electron is 
not alone… not alone… (see Rabbi’s: “Who ordered that?”)(see Rabbi’s: “Who ordered that?”)
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(Just a bit of) Formalism…(Just a bit of) Formalism…
Recall that…Recall that…

eeueuej xkki ⋅−−= )'(/ )()( γ μμ

[ ] epupueJ xppi ⋅−−= )'(/
)(...)(μ
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Formalism (II)Formalism (II)
Similarly…Similarly…
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Formalism (III)Formalism (III)

……turns out that…turns out that…
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Formalism (IV)Formalism (IV)
If mass diff. are small and If mass diff. are small and momentamomenta are large (p are large (p 
>> m)… a flavor state produced in a weak >> m)… a flavor state produced in a weak 
interaction…interaction…
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* νν αα
Flavor Flavor eigenstateseigenstates are are 
linear combinations of linear combinations of 
mass mass eigenstateseigenstates
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……after some after some 
(more) algebra(more) algebra )(
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Transition Probability:Transition Probability:
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In the In the ultrarelativisticultrarelativistic limit…limit…

Formalism Formalism (who’s counting?)(who’s counting?)
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The The MakiMaki--NakagawaNakagawa--Sakata Sakata 
(PMNS) matrix (PMNS) matrix itself:itself:

Formalism Formalism (mostly done)(mostly done)
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Inside the Sun…Inside the Sun…
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Solar Neutrino “problem”Solar Neutrino “problem”

Well, we’re only getting about 1/3 of them…
Where’s the rest?
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Anything else?...Anything else?...

There might be some odds & ends:
CP violation?
Link to dark energy/matter?
Axial FF
Quark PDFs
Neutrino GPDs
Duality w/ neutrinos?…
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Some exp…Some exp…
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xF3xF3
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Two Detector Neutrino Oscillation Two Detector Neutrino Oscillation 
(disappearance) Experiment (Started ‘05)(disappearance) Experiment (Started ‘05)

Near Detector: 980 tons
Far Detector: 5400 tons

MINOS Experiment

Det. 2

Det. 1
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Far Detector Cavern LayoutFar Detector Cavern Layout

MINOS Cavern

Soudan 2 Cavern

Workstations
Supermodules

Monorail

Shaft

ν beam

Area reserved 
for emulsion 
detector

……and there are more…and there are more…
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MinerMinerννaa??

The owl is the symbol of Minerva, goddess of 
crafts, poetry and wisdom.  It is often used as 
the unofficial symbol of the MINERvA experiment.
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Why  Why  MinerMinerννaa? ? 

Inherent interest in the phenomena of low-energy 
neutrino-nucleus scattering

“BASF effect”: Provide knowledge that will help 
improve/enhance other neutrino studies (read 
“oscillations”)

MINERvA is a compact, fully active neutrino detector 
designed to study neutrino-nucleus interactions in 
detail at high statistics”
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Who is (in) MINERWho is (in) MINERvvA?A?
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Minerνa

Main Injector

MINOS Near Detector

NuMI Beam

Where is Where is MinerMinerννaa??

Fermilab
Numi beamline (in front of MINOS near detector)

precision neutrino interaction measurements
wide range of neutrino energies

Several nuclear targets, allows a first study of nuclear 
effects in neutrino interactions
Provides crucial input to current and future oscillation 
experiments
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ν

Minerva at a glanceMinerva at a glance

ν

Fully Active 
Target:
8.3 tons

Nuclear
Targets:
6.2 tons
(40% scint.)

LHeLHe

SideECALSideECAL

Fully Fully 
Active Active 
TargetTarget

D
ow

ns
tr

ea
m

 E
C

A
L

D
ow

ns
tr

ea
m

 E
C

A
L

D
ow

ns
tr

ea
m

D
ow

ns
tr

ea
m

H
C

A
L

H
C

A
L

N
uc

le
ar

N
uc

le
ar

T
ar

ge
ts

T
ar

ge
ts

Side HCAL (OD)Side HCAL (OD)

Veto Veto 
WallWall

ν

6/13/20076/13/2007 2323 Gabriel NiculescuGabriel Niculescu

Neutrino crossNeutrino cross--sectionssections
Neutrino interactions

Quasi-Elastic / Elastic    (W=Mp)
νμ + n    -->   μ- + p     (x =1, W=Mp)

well measured and described by form factors (but need to account
for Fermi Motion/binding effects in nucleus)
Bodek and Ritchie (Phys. Rev. D23, 1070 (1981)

Resonance       (low Q2, W< 2)
νμ + p --> μ- + p + π

Poorly measured and only 1st resonance described by Rein and Seghal

Deep Inelastic
νμ + p   --> μ- + X    (high Q2, W> 2)

well measured by high energy experiments and well described by 
quark-parton model (pQCD with NLO PDFs), but doesn’t work well 
at low Q2 region.

Issues at few GeV :
Resonance production  and low Q2 DIS contribution meet.
The challenge: describe both processes at a given neutrino 
(or electron) energy.

A. Bodek, Rochester
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Event SampleEvent Sample
Assume: Assume: 44.0 x .0 x 10102020 POT LE and POT LE and 

1212.0 x .0 x 10102020 POT ME beamPOT ME beam

Target Fiducial Vol.  Expected CC
(tons) Yields (106)

CH (scintillator) 3 9.0
He 0.2 0.6
C 0.15 0.4
Fe  0.7 2.0
Pb 0.85 2.5

Main CC Physics Topics (Statistics 
in active target only - CH) 

Quasi-elastic 0.8 M events 
Resonance Production 1.7 M total
Transition: Resonance to DIS 2.1 M events
DIS, Structure Funcs. and high-x PDFs 4.3 M DIS events
Coherent Pion Production 89 K CC / 44 K NC
Strange and Charm Particle Production > 240 K fully 
reconstructed events
Generalized Parton Distributions ~ 10 K events
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Neutrino crossNeutrino cross--sections?sections?

In the few GeV neutrino energy (relevant for osc. expt’s)…
Errors on σtotal are large

A-dependence data - scarce
Understanding of backgrounds needs
differential cross-sections on target
Theoretically difficult region:
transition from elastic to DIS

νn→μ–pπ0

νn→μnπ+

V.Paolone,Pitt

6/13/20076/13/2007 2626 Gabriel NiculescuGabriel Niculescu

Quasi(Quasi(--elastic) MINERvAelastic) MINERvA

First precise measurements at high 
Q2 of proton axial form factor
First study in nuclear modification of 
form factors conjectured at low Q2

MINERvA Measurement of Axial FF

Expected MiniBooNE 
& K2K measurements

J. Nelson, W&M, NuInt07
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MINERvA and MINERvA and 
Coherent Coherent ππ productionproduction

Overwhelming statistics (> 100 increase)
Wide energy range
Range of nuclear targets (C, Fe, Pb)
MINERvA is in a position to measure this 
important background for νe appearance 
and to check the surprising K2K null result

4-year MINERVA run

MiniBooNe & K2K 6/13/20076/13/2007 2828 Gabriel NiculescuGabriel Niculescu

Oscillation Measurements Oscillation Measurements 
and Neutrino Interaction and Neutrino Interaction 
UncertaintiesUncertainties

Current Generation’s Primary Goal: 
Precise Δm2 measurement from νμ disappearance measurements vs. 
neutrino energy
Biggest systematic concern:  how do you know you’re really 
measuring the energy correctly?  

Next Generation’s Primary Goal:
Search for νμ→νe transitions at one neutrino energy 
Biggest systematic concern:

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

Next Generation’s “guaranteed” measurement
More precise Δm2 measurement, if you can understand the 
backgrounds in narrow band beam

MINOS

NOvA, T2K
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π absorption, rescattering
final state rest mass
nuclear Effects studied only 
w/ Charged Lepton 
Scattering, from Deuterium to Lead, at High 
energies

Visible Energy in Calorimeter
is NOT ν energy!

AMAM

PMPM

AMAM

PMPM

(δΔ/Δ) versus Δ, Δ ≡ Δm2

AM AM –– Ante Ante MinerMinerννaa
PM PM –– Post Post MinerMinerννaa

MinerMinerννa’sa’s impact impact on on ΔΔmm22

measurements (measurements (MINOS)MINOS)

π

μ
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MINERMINERvvA & NOA & NOvvAA
Total fractional error in the predictions as a 

function of reach (NOvA)

5%/10%5%/20%5%/10%5%/naδσ/σ after MINERνA (CC,NC)

20%100%40%20%δσ/σ NOW (CC,NC)

DISCOHRESQEProcess
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MINERMINERvvA & T2KA & T2K
T2K’s near detector will see different mix of events 
than the far detector
To make an accurate prediction one needs

1 - 4 GeV neutrino cross sections 
(with energy dependence )

MINERvA can provide these with low energy NuMI 
configuration 
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Recall ….Recall ….
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With a bit more work you can turn it into…With a bit more work you can turn it into…

[ ] epupueJ xppi ⋅−−= )'(/
)(...)(μ

inelasticityinelasticity
kP
qPy
⋅
⋅

= well…, xwell…, x
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Q
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=

2

2

FFii are process dependent, and functions of x and Qare process dependent, and functions of x and Q22
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Structure functions, Structure functions, 
QCD & QCD & PDFsPDFs

Deep inelastic scattering ( ) ( ) ( )[ ]
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Neutrino ScatteringNeutrino Scattering

Charged lepton scatteringCharged lepton scattering
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QuarkQuark--Hadron Duality:Hadron Duality:
complementaritycomplementarity between quark and hadron between quark and hadron 
descriptions of observablesdescriptions of observables

Hadronic Cross Sections
averaged over appropriate 

energy range

Perturbative
Quark-Gluon Theory

At “high enough” energy:

Can use either set of complete basis 
states to describe physical phenomena

∑∑ = gluonsquarksHadrons &
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Duality in FDuality in F2 2 Structure FunctionStructure Function

ω’ = 1+W2/Q2

First observed ~1970 by 
Bloom and Gilman at SLAC 
by comparing resonance 
production data with deep 
inelastic scattering data
Integrated F2 strength 
in Nucleon Resonance 
region equals strength 
under scaling curve. 

Shortcomings:
• Only a single scaling curve 

and no Q2 evolution 
(Theory inadequate in pre-
QCD era)

• No σL/σT separation F2
data depend on 
assumption of R = σL/σT

• Only moderate statistics 6/13/20076/13/2007 3636 Gabriel NiculescuGabriel Niculescu

Now can obtain “true” F2data

Empirically, DIS region is 
where logarithmic scaling 
is observed: 
Q2 > 5 GeV2, W2 > 4 GeV2

Duality:
Averaged over W, log 
scaling observed to work 
also for Q2 > 0.5 GeV2, 
W2 < 4 GeV2

JLab results (E94110):
Works quantitatively to 
better than 10%

Duality in the FDuality in the F22 Structure Structure 
FunctionFunction
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Duality observed  in Duality observed  in allall unpolarized unpolarized 
structure functionsstructure functions
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……and in Nuclei (Fand in Nuclei (F22) ) 

p

Fe

d

ξ = 2x / [1 + (1 + 4M2x2/Q2)1/2]
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……and in Spin Structure and in Spin Structure 
FunctionsFunctions

A1
p

g1

HERMES JLab Hall B
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MINERMINERννAA: Kinematic : Kinematic 
coveragecoverage

Existing 
neutrino 
data

W2=4

Proposed 
Minerva
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Stay tuned …Stay tuned …
((MINERMINERννAA))


