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Characteristics, mutual agreement, IBD cross section values

recent evaluations of IBD
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1999
Vogel-Beacom

a systematic inclusion of 
small effects, relevant in 
t h e r e g i o n b e l o w 

 as, weak 
magnetism and recoil 
(first discussed in 30s, till 
Gell-Mann, PR 1958).  

several useful analytical 
results; discussion of 
supernova pointing 

Eν < 60 MeV
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2002
Strumia-FV

an "exact" expression 
based on the 4 known 
form factors. virtually 
valid at all energies 

includes a pedantic 
c o m p a r i s o n w i t h 
previous calculations 
and an estimate of the 
uncertainty



ease

Very good agreement with Vogel and Beacom for  MeV; 
note that the two implementations are equally demanding. 

Eν < 60



estimated uncertainty
low energy region - high energy region



why an updated cross-section and error assessment?

the two cross sections are in good agreement and they are quite accurate: an error of 
0.4% as PLB2002 matches the statistical error of a sample of 60,000 events 

• however, Daya Bay has collected already 3.5 million events (6o times) and 
similarly, other reactor antineutrino experiments  

• JUNO will collect 180,000 events after 6 years (3 times) 

• Super-Kamiokande (and JUNO) will collect 5,000 events from a future 
galactic supernova, a number that scales as . For Hyper-
Kamiokande, multiply by a factor of 10 

( 10 kpc / D )2
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2022
Ricciardi-Vignaroli-FV

objective: assess better 
the uncertainty of 
expectations 

updating of relevant 
parameters, testing with 
the neutron decay rate 

v e r i fi c at i o n o f t h e 
significance of “second-
class currents”



• There are various way to rewrite this current, due to Gordon identity. 

•  and  are second class currents, expected to be small; we use Day & McFarland, 
PRD 86, 2012 to estimate the phenomenologically maximum value. 

•

f3 g3



results 1: the updated cross section
result: second-class currents, even at maximum value, give a negligible contribution



quantitative discussion of the uncertainty; neutron decay as a test; axial radius

what is the accuracy 
of the IBD cross section?
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leading uncertainties are due to input parameters:  

-   - namely,  -   and the parameter  , 
- the axial mass - or, the axial radius, 

at low and high energies, respectively. 

Vud cos θC λ



Vud
=the cosine of the Cabibbo angle

•For the superallowed transitions, we 
use Hardy & Towner, PRD 102 (2020)

•Using the unitarity of CKM matrix, 
we can estimate  from  and , 
following PDG 2020

•The two results are not in perfect 
agreement; thus, we include the scale 

factor  for a 

conservative estimation of the 
uncertainty

Vud Vus Vub

S = χ2/(N − 1) = 2.0

Francesco Vissani                                                   electron-antineutrino scattering on proton                                                      NAT-NET Workshop, 2023



λ
=the zero momentum transfer g1(q2)

★eight measurements with polarized neutron decay

★most recent one (PERKEO-III) is very precise

★Czarnecki, Marciano & Sirlin, PRL 120 (2018) 

suggest to omit pre-2002 ones

★we prefer to include them, enlarging 

result within  from most recent & global average

S = 2

1σ
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the neutron decay constraint
compatibility test

Francesco Vissani                                                   electron-antineutrino scattering on proton                                                      NAT-NET Workshop, 2023



there is no simple theoretical way out; the first suspect becomes an unknown systematic error

“A priori, it would be possible to hypothesize an additional neutron 
decay channel into undetected particles, which would shorten the 
total average lifetime — a possible way out, recently attempted. 

This would require an agreement between the prediction and the 
exclusive measurement, namely (beam). 

This is not what is observed: the predicted value (SM) - a function 
of  and  - agrees with the inclusive measurement (tot) instead.”

τn

τn
Vud λ τn
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summary of low energy uncertainties
conservative and standard error propagation

We conclude that   ,  i.e.  times better than 2002 
(or half as much if we had included the neutron decay data, that we prefer to use as a test) 

δσ = 0.1 % 4



   or   rA MA
parameterization of g1(q2)/g1(0)

★at GeV energies,  gives good results. But at low energies, it is 

more unbiased to use the linear expansion: 

★a global fit, based on the assumed double-dipole, gives  MeV. This 

corresponds to  , supported by electro-pion production data

★an analysis that does not assume double-dipole finds instead  . We 

use this to estimate a conservative error on the cross section

compare Bodek et al EPJC 2008 and Hill et al, PRD 2018

g1(t)/g1(0) = 1/(1 − t/M2
A)2

g1(t)/g1(0) = 1 + (r2
A ⋅ t)/6

MA = 1014 ± 14

r2
A = 0.455 ± 0.013 fm2

r2
A = 0.46 ± 0.12 fm2
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results 2: the cross section uncertainty
the low energy and the high energy uncertainties sum in quadrature



summary and discussion

The cross section of the IBD is well known.  

To perform its maintenance, all we need is a set of consolidated theoretical concepts  

and, most importantly, reliable measurements of the key parameters. 



summary and discussion

the cross section depends critically upon  ;   

the uncertainty is small ( ) at low energies, at high ones; 

second class currents are not expected to give a significant contribution.

Vud = cos θC , g1(0) = λ, r2
A ∼ 12/M2

A

0.1 % 1.1 % ( Eν

50 MeV )
2

The cross section of the IBD is well known.  

To perform its maintenance, all we need is a set of consolidated theoretical concepts  

and, most importantly, reliable measurements of the key parameters. 



summary and discussion

how to clarifiy / improve?  

need to understand the reason of discrepancy in   - measurements.  

need to decrease the uncertainty due to   — i.e. we need refine the description 

of the axial form factor in the 100 MeV range.

τn

r2
A

The cross section of the IBD is well known.  

To perform its maintenance, all we need is a set of consolidated theoretical concepts  

and, most importantly, reliable measurements of the key parameters. 



Thanks for the  
attention!
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