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Neutrino-nucleus scattering: (obvious) motivation

* Neutrino experiments use nuclei as detectors

* Quantitative understanding of the weak nuclear response at
FE, ~ 0.5 — 3 GeV required for data analysis

* Need to develop a theoretical approach
testable against electron scattering data

applicable to awide range of kinematical conditions and
targets

easily implementable in Monte Carlo ssmulations
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Charged current neutrino-nucleus scattering in the l A regime

* Cross section of the process vy + A - ¢~ + X

do 4 4 don
— [ dpP
dQ, dE, / p P(p) (dQK, dEg,)
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Charged current neutrino-nucleus scattering in the l A regime

* Cross section of the process vy + A - ¢~ + X

do 4 4 don
— [ dpP
dQ, dE, / p P(p) (dszg, dEgl)

* Elementary cross-section
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Nucleon weak structure functions

* In the case of QE scattering the W; are related to the form factors through
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Resultsfor °O (v,, e) scattering

’_|25_l T T T T T T T | T T T |_ IIIIIIIIIIII|III|I||||I||||
c . v +%0-e+X ] o 18 ]
&} L - e ] — Vet 0-e+X T
\ I ," K — o I I, l‘\
b 20; PN E,=1 GeV — =30° 1 % |/ \ E,=1 GeV
N[ ' 1 © Ly
NE L 4 ®, 10 |
5 15— - g
A i
S 10 4 2 |
I:‘ i ] %, 5— _|
L - = i
% 5 =4 3
S 1 7
'-U 0' 1 0||||||||||||||||||||||||||
0.0 0.6 0.00 0.25 050 075 1.00 125 1.50
Q% [GeV?]
3 T T T T T T T 3 T T T
> 25 1 > 25t P s
= = S eV
~N r b N B I
£ £
< <
— L 4 — L
- 15 - 15
= =
ot 17 ] ot 17
o E
L8 05 r 1 8 05 ¢
0 ' - 0
0O 01 02 03 04 05 06 0.7 08 0

E, [GeV]

45th Karpacz Winter School in Theoretical Physics, February 2-7, 2009 — p.5/20



Total x-section (v, +1° 0 — e~ + X)

guasi—elastic inclusive cross section
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0(Ve +1°0 — e + X)
* Comparison to the results of Amaro, Nieves & Valverde
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0(Ve +1°0 — e + X)

* Comparison to the results of Ahmad, Sajjad Athar & Singh

QECC (v,, O)
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m-production through A excitation

% the contribution of the processes
vi+n—>0+AT | v+p oL+ ATT

can be readily included using the same formalism
* Replace the energy conservig J-function in W; with

MpI'p 1
T (W2 - MIQ%)2 + MIQ% I‘%

* Form factors from the model of Lalakulich & Paschos . Use
isospin symmetry to relate A*+ and A form factors through

(ATTTA p) = V3 (AT n) .
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A productioniny, +1°0 — e= + X

A production
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A production in v, +1 O — e~ + X (continued)

e Comparison to QE

QE + A production x—sect
10 ‘

|
45th Karpacz Winter School in Theoretical Physics, February 2-7, 2009 — p.11/20



A production in v, +1 O — e~ + X (continued)

* Comparison to the results of Ahmad, Sajjad Athar & Singh

A production
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Production of higher resonances

% Inclusion of the three isospin 1/2 states (Form factors from
Lalakulich, Paschos & Piranishvili).

Pi1(1440) , D13(1520) , S11(1535)

resonance production
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Comparison to 7+ production (preliminary) data
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* M. O. Wascko (MiniBooNE) arXiv:hep-ex/0602050
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Extracting nucleon propertiesfrom nuclear x-section

* K2K and MiniBooNE have reported a value of the nucleon axial mass,
M4 ~ 1.2, larger than that previously determined from deuterium data,
extracted from the analysis of neutrino scattering off oxygen and carbon
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Extracting nucleon propertiesfrom nuclear x-section

* K2K and MiniBooNE have reported a value of the nucleon axial mass,
M4 ~ 1.2, larger than that previously determined from deuterium data,
extracted from the analysis of neutrino scattering off oxygen and carbon

* The authors of the MiniBooNE paper state that “The MA value reported here
should be considered an effective parameter in the sense that it may be
Incorporating nuclear effects not otherwise included in the RFG model. In
particular, it may be that a more proper treatment of the nucleon momentum
distribution in the RFG would yield an MA value in closer agreement to that
measured on deuterium.”
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* Effect of the axial mass on the Q)-distribution at fixed FE,
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* Using a realistic spectral function and increasing M 4 leads to changes of op-

posite sign

45th Karpacz Winter School in Theoretical Physics, February 2-7, 2009 — p.16/20




* To what extent is the determination of M 4 from nuclear data biased by the
treatment of nuclear effects in the analysis ?

* Main assumptions of the K2K and MiniBooNE analysis

> Fermi gas model

> Reconstructed neutrino energy obtained assuming that the neutrino hit a
stationary neutron bound with constant energy ¢ ~ 25 = 35 MeV

x Under these assumptions, at fixed £, and 8,,, from

(kz/ + Pn — k,u)2 — m129

it follows that (Am? = m2 — m2)

2(my, — €)E,, — (€2 — 2mye + mi + Am?)
2(my, —e— E, + |k, | cosb,) ’

b, =
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* Releasing these approximations the distribution of neutrino energy can be
reconstructed solving the kinematic equation with neutron momentum and
energies sampled from the probability distribution associated with the

spectral function
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* Note: the two histograms have the same normalization
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Effectsof NN interactions on the nuclear response (continued)
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Conclusions (quoting Vijay R. Pandharipande)

* Approximations are often needed. They are certainly necessary in the
description of nuclear dynamics
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Conclusions (quoting Vijay R. Pandharipande)

* Approximations are often needed. They are certainly necessary in the
description of nuclear dynamics

* Approximations can be good or bad. This is often a highly contoversial
subject
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Conclusions (quoting Vijay R. Pandharipande)

* Approximations are often needed. They are certainly necessary in the
description of nuclear dynamics

* Approximations can be good or bad. This is often a highly contoversial
subject

* Unnecessary approximations should never be used !
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