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Motivation

(IBD)

Knowing precisely the cross section of these processes is essential

at relatively low neutrino energies, for detectors that rely on water or
Hydrocarbons (scintillators, Cherenkov light detectors).

Most accurate estimates available at the moment were obtained almost 20 years
ago: Beacon, Vogel (1999) and Strumia, Vissani (2003) Phys. Lett. B 564 

We aim to update these results:

Both the central values and the uncertainties
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(IBD)

Knowing precisely the cross section of these processes is essential

at relatively low neutrino energies, for detectors that rely on water or
Hydrocarbons (scintillators, Cherenkov light detectors).

Most accurate estimates available at the moment were obtained almost 20 years
ago: Beacon, Vogel (1999) and Strumia, Vissani (2003) 

We aim to update these results:

Both the central values and the uncertainties

We will try to obtain the most accurate values considering the recent
progresses, in particular from neutrino detector experiments
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Motivation

(IBD)

Knowing precisely the cross section of these processes is essential

at relatively low neutrino energies, for detectors that rely on water or
Hydrocarbons (scintillators, Cherenkov light detectors).

Most accurate estimates available at the moment were obtained almost 20 years
ago: Beacon, Vogel (1999) and Strumia, Vissani (2003) 

We aim to update these results:

Both the central values and the uncertainties

Precision crucial for high-statistic experiments: reactor neutrinos as Daya
Bay, supernova detectors as SuperKamioKande
Especially for the future ones: Juno, HyperKamiokande
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The calculation: matrix element and weak
hadronic currents
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The calculation: matrix element and weak
hadronic currents

Known with precision (negligible source of uncertainty to the cross section)

Y.H.Lin, H.W. Hammer and U. G. Meissner, 
Eur. Phys. J. A 57 (2021) no.8, 255

This is preferable (and more accurate) for the energies we are interested in
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The calculation: matrix element and weak
hadronic currents

Large source of uncertainty to the cross section from the axial form factor g
1
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The calculation: matrix element and weak
hadronic currents

First Class

Second Class

SCCG-parity

SCC (recently discussed by Ankovski; Giunti; Ivanov) previously
 neglected for neutrino-nucleon cross section. 

Are they relevant?
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The calculation: cross section (IBD)
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The calculation: cross section (IBD)

For the SCC contribution (not considered in Strumia, Vissani 2003)
we find:

Given this form, we expect the SCC contribution to be potentially
relevant only at higher energies    →     and for g

3
 in particular
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The calculation: cross section (ν on neutron)
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We include radiative corrections  (A. Kurylov, M. J. Ramsey-Musolf and P. Vogel, PRC 67(2003), 035502)

and Sommerfeld corrections
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Uncertainty at low energy

Cabibbo angle

Super-allowed charged
current transitions

CKM unitarity
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Uncertainty at low energy

Axial coupling

PDG prescription to combine different measures not
perfectly consistent with each other
All errors are enlarged by the scale factor S

Direct measure from polarized neutrons

We include the last most precise measure from Perkeo III (2019) and the
8 previous measurements, also the four obtained before 2002 (which
have potential systematic problems, but enlarging their errors by a factor
of 2)
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Uncertainty at low energy

Neutron lifetime (constraint)

Two methods for τ
n 
measurements:

1) ultra-cold neutrons are trapped and their number is measured over time (tot)
2) using beam neutrons, single channel decay rates are measured (beam)
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Uncertainty at low energy

Neutron lifetime (constraint)

Two methods for τ
n 
measurements:

1) ultra-cold neutrons are trapped and their number is measured over time (tot)
2) using beam neutrons, single channel decay rates are measured (beam)
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Uncertainty at low energy

Combination

We decide to not including beam measurements, and we exploit the resulting relation:

(blue band)
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Uncertainty at low energy

‰

‰
‰

‰

‰
‰

NO CORRELATION
(HYPER-CONSERVATIVE)

USING τ
n
 INFORMATION

(FULL TREATMENT)

Strumia, Vissani (2003) estimated δσ = 0.4%

Improvement by at least a factor 4!  
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Uncertainty at high energy

Dipole approximation

Expansion in terms of radii
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Uncertainty at high energy: g
1

A. Bodek, S. Avvakumov, R. Bradford, and H. Budd, 
Eur. Phys. J. C 53, 349-354 (2008)
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Uncertainty at high energy

R. J. Hill, P. Kammel, W. J. Marciano, and A. Sirlin, 
Rept. Prog. Phys. 81 (2018) no.9, 096301
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Uncertainty at high energy

Induced error from g
2
 is negligible

SCC can be safely neglected

 

Uncertainty at high energy

Expected, since g
2
 enters in the cross section always with a suppression factor

m2

e
. 

If we consider a variation by an order of magnitude in g
2
, the corresponding

modification of the cross section is below the 0.1 permil level

Taking into account the largest possible values for the SCC form factors
compatible with data, f

3
=4.4 f

1
 and g

3
= 0.4 g

1
 (M. Day and K. S. McFarland,

Phys. Rev. D 86 (2012), 053003), we evaluate that
the contributions to the total cross section are at most at the level of 0.3‰ 
(Eν/50 MeV), and, as expected, are dominated by g

3



23

Summary of uncertainties
(conservative)
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Efficiency ε from
Kamiokande II

Positron spectrum in Super-Kamiokande

Vissani, J. Phys. G 42, 013001 (2015);
Vissani, Rosso, Symmetry 13, no.10, 1851
(2021) 
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Efficiency ε from
Kamiokande II

Positron spectrum in Super-Kamiokande
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● We have given an accurate evaluatios of the cross sections for
neutrino scattering on nucleons, which we hope to be a useful
outcome for current and future neutrino experiments

● Central values of parameters have been updated (since 2003)

● Evaluation of the uncertainties:

At low energy overall uncertainty at the 1 permil level (from
Cabibbo angle and axial coupling)

At higher energies, the uncertainty grows up to the percent level
(from the uncertainty associated to the axial form factor)

● We find that the impact of second-class currents on the cross
section is negligible

Conclusions
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