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Topic
• Neutrino physics experiments have to make do with indirect 

detection of ν via their interaction with the detector

• ν and ν-bar interact both with leptons and nucleons

• let’s see how -- an overview! 

• what sub-processes matter in the current experiments?

• important effects on “fundamental” measurements (e.g. 
oscillations), translate into systematic uncertainties

• special focus on “auxiliary” measures like those from MiniBoone, 
MINERvA, T2K in constraining the different contributions
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ν-l  interactions

see later
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ν-e  relative occurrences (in the void)

Fundamentals of Neutrino Physics and Astrophysics

by: Carlo Giunti and Chung W. Kim, Oxford UP 2007

Example
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ν-e  relative occurrences (experiments)

Solar neutrinos at Borexino
Low energy threshold thanks to very low 

radio-active bkgs
But anyway only one integrated point per 

species, 
BOREXINO has effective threshold ~200 

keV

N.Rossi, 
Neutrino2016

Example
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ν-e  relative occurrences (experiments)

•At very low energies, cannot distinguish relevant neutrino signals from experimental 
backgrounds 
•There is always a threshold below which a measurement is not performed
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ν-l  and ν-N relative occurrences (void)

disappearance
(quasi-elastic) 

reactors 
(elastic IBD)

solar (elastic)
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ν-N  interactions: problems arise

Theory: relatively well 
understood (same as e-

N scattering)

Experiments

Excesses!

8



..but e-N(p or n) OK

Benhar, Huber, Mariani, Meloni, 1501.06448v1

Impulse Approximation scheme
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Then what’s wrong with ν-N?

mA = “axial mass”

An effective “quasi-elastic” treatment with 1 nucleon 
interaction, merely adding the axial current for neutrinos
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eN νN

An effective “quasi-elastic” treatment with 1 nucleon 
interaction, merely adding the axial current for neutrinos, 

not enough
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Felix, ICHEP2016

In the (anti-)neutrino case, we don’t 
know (precisely and event by event) the 

initial energy ⇒ we do not know q2
Example
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Theory

Measurements

1st problem: Eν 
has spectrum, 

not single value
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-NOvA-MINERvA
MiniBooNE

short BL medium/long BL

The Fermilab accelerator 
complex and client neutrino 

experiments
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Katori, Martini, 1611.07770v1
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https://arxiv.org/pdf/1611.07770v1.pdf
https://arxiv.org/pdf/1611.07770v1.pdf


http://minerva-docdb.fnal.gov/cgi-bin/ShowDocument?docid=6444
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http://minerva-docdb.fnal.gov/cgi-bin/ShowDocument?docid=6444
http://minerva-docdb.fnal.gov/cgi-bin/ShowDocument?docid=6444


Two fold problem, connected with sampling 
different q2 in a non-monochromatic flux

2nd problem: 
not just QE

ω = Teini - Tefin
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The TWO concurring effects: 
1. In the (anti-)neutrino case we do not know q2 - we sample different “ω” values

• changing relative importance of DIS, RES wrt CCQE

2. Additional N-N interactions ⇒ the Impulse Approximation, with no other 
interactions than the recoil of the involved nucleon, is not enough 

• remember: “CCQE”= events with “0 pions” 

“2 particles-2 holes”, see later
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https://indico.fnal.gov/getFile.py/access?contribId=58&sessionId=21&resId=0&materialId=slides&confId=5361
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https://indico.fnal.gov/getFile.py/access?contribId=58&sessionId=21&resId=0&materialId=slides&confId=5361
https://indico.fnal.gov/getFile.py/access?contribId=58&sessionId=21&resId=0&materialId=slides&confId=5361


Correlated nucleon interactions
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baseline GENIE MC

• Enable GENIE empirical Meson 
Exchange Current Model
• Reweight to match NOvA excess as 
a function of 3-momentum transfer

https://indico.cern.ch/event/569783/attachments/1368022/2081486/
hartnellNOvACERN2016.pdf
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https://indico.cern.ch/event/569783/attachments/1368022/2081486/hartnellNOvACERN2016.pdf
https://indico.cern.ch/event/569783/attachments/1368022/2081486/hartnellNOvACERN2016.pdf
https://indico.cern.ch/event/569783/attachments/1368022/2081486/hartnellNOvACERN2016.pdf
https://indico.cern.ch/event/569783/attachments/1368022/2081486/hartnellNOvACERN2016.pdf


Signatures in MINERvA, 
dedicated measurements of >0 π events
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MINERvA
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These sort of “service” measurements allow to compare and tune the 
various MC models
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Effect on oscillation 
measurements
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What is measured
• N(νμ) produced from a pion beam, then disappeared 

• N(νe) appearing in a νμ flux from a pion beam

Crucial to know 
flux: 

• N(νμ , t=0)
• E spectrum
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CCπ

CCπ

CCπ

~CCQE
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Typical energies from O(102 MeV) to ~ 1 GeV
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Typical energies from O(102 MeV) to ~ 10 GeV

MC includes MEC

MC simulation
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• Difficult to know neutrino flux at “final” detector
• That also affects absolute rate of ν-N interaction

• Would like to check ν-N x-sec in situ
• Usually build a Near-Detector similar to the main one (FD) 

• ideally: same type of materials and dimensions = acceptance
• normalize N(FD) to N(ND) and cancel systematics 
• not entirely possible, residual systematic uncertainties remain tricky to estimate
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T2K
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• Remember: νe and νμ phase space different in x-sec formulas + component in 
flux not well known
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Back up
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MiniBOONE
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