
Inelastic neutrino scattering

Jaros law Nowak

Physical models

Quasi-elastic scattering

∆ resonance excitation

Deep inelastic scattering

Scattering on nucleon
constituents

Comparison with data

Combining ∆ excitation and
spp channel of DIS

Results

CC neutrino scattering

NC neutrino scattering

Conclusions

Inelastic neutrino scattering
Monte Carlo event generator

Jaros law Nowak

Institute of Theoretical Physics
Wroc law University

Cracow Epiphany Conference
on Neutrino and Dark Matter

08/01/2006



Inelastic neutrino scattering

Jaros law Nowak

Physical models

Quasi-elastic scattering

∆ resonance excitation

Deep inelastic scattering

Scattering on nucleon
constituents

Comparison with data

Combining ∆ excitation and
spp channel of DIS

Results

CC neutrino scattering

NC neutrino scattering

Conclusions

Motivation

Why a new Event generator?

I the original motivation: to improve NUX+FLUKA scheme
(no resonance production)

I a new treatment of the resonance region
I only ∆ resonance: nuclear effects should smear out other

resonances
I average treatment of them should be sufficient -

Quark-Hadron duality

I a tool to investigate nuclear effects (e.g spectral function,
nuclear potential)
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Quasi-elastic charge current scattering

Quasielastic scattering:

ν, ν̄

µ−, µ+

n, p

p, n

W+, W−

νµ + n → µ− + p

ν̄µ + p → µ+ + n

Quasi-elastic strange particle production

ν̄

µ
+

n, p

Λ, Σ
−

, Σ
0

ν̄p → µ+Λ
ν̄n → µ+Σ−

ν̄p → µ+Σ0
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∆ resonance excitation

Four ∆ charge states: ∆++, ∆+, ∆0, ∆−

Charge Current

I νµ + p → µ− + p + π+ ν̄µ + p → µ+ + p + π−

I νµ + n → µ− + n + π+ ν̄µ + p → µ+ + n + π0

I νµ + n → µ− + p + π0 ν̄µ + n → µ+ + n + π−

ν, ν̄

µ−, µ+

n, p
W+, W−

∆

π

N
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Deep Inelastic scattering

Deep inelastic scattering (DIS)

ν, ν̄

µ−, µ+

n, p

X

W

ν + n → µ− + X+

ν + p → µ− + X++

Fragmentation algorithm

Cross section for scattering on quark qi (valance or sea quark)

d2σνqi→µqj

dWdν
∼ qiKi

Ki kinematic factor for quark qi
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Probability of scattering on parton

Probability of reaction on a quark is given as follows

P (qi) =
dσqi (E)
dWdν∑

i

dσqi (E)
dWdν

Scattering on proton
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In case of CC neutrino
scattering on proton cross
section is a sum of contri-
bution from quark d,
quark s, and anti-quark u
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Scattering on given quark

Illustration of the scattering on parton inside nucleon for CC
interaction (fragmentation → PYTHIA6)
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Reconstruction of final state

Charged hadrons multiplicity for νp → µ−X++
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Single pion function vs. resonances elasticity
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∆ excitation and spp channel of DIS

Smooth transition from ∆ excitation to DIS single pion channel
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Figure: Differential cross section as a sum of contributions

form DIS and RES. Top figure νn → µ−π+n, and bottom

νn → µ−π0p.

• Transition form
RES to DIS with respect
to hadronic invariant
mass W ∈ (1.3, 1.6GeV ).
• It is a smooth transition,
but it is not linear as a
function of invariant mass.
• Non-resonant
background is a small
admixture of DIS single
pion channel in ∆ region.
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Charge Current cross section νN → µ−X
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Charge Current cross section ν̄N → µ+X
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Charge Current cross section νp → µ−π+p
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Charge Current cross section νn → µ−π+n
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Charge Current cross section νn → µ−π0p
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Neutral Current SPP cross section
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Differential cross section as a function of W
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Conclusions

I The event generator for deep inelastic scattering works in
agreement with data

I The mechanism of combining ∆ excitation with DIS single
pion production gives results with nice agreement with
data
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