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Cross-section
•  The cross-section in Nieves model is constructed as the 

sum of the following components: 

1. Delta

2. 2 Body 

3. Bubble 

4. Rho contribution.

•  The diagrams for the different components are shown 
below.  

•  Tensors and cross-sections are available for each of the 4 
components and also a duplicated one with the Delta 
couplings set to 0. 



Spectral function contribution 

Not included in any of the cases !!!!
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g’
•  G’ parametrizes the pion and rho contact 

term. 

•  The value in Nieves code is 0.63

•  G’ cancells strongly with the pion propagator 
but not with the rho (transverse vs 
longitudinal)



All sub-components



Full tensor



Twobody tensor



Rho tensor

The empty area is a negative cross-section caused by the 
interference. This is not a real cross-section since we 

have artificially removed the delta.



Bubble tensor



G’ = 0 

Very strong cancellation !!!  



Final states

• Nieves model provides cross-sections for 
both: 

•  nn and np initial states. 

•  It does not provide the kinematics of these 
nucleons. 



Long range correlations 
& Random Phase 
Approximation



RPA





RPA model



RPA model



RPA and |q3|



RPA model
•  The region at Q2~0 comes from the muon 

capture measurements. 

• We know that RPA→1 for Q2→∞.



RPA modelling



On the RPA error
Theoretical uncertainties on quasi-elastic charged-current neutrino-

nucleus cross sections 
M. Valverde, Jose Enrique Amaro, J. Nieves (Granada U.)  

  Phys.Lett. B638 (2006) 325-332 

10% error 



RPA modelling

Λρ = 3000 

Λρ = 2000 

Λρ = 2500
Λπ = 1200 

Λπ = 1000 

•  Λπ has little effect on the dependency.



Beyond diagrams: ���
nucleus description and 

binding energy



Nieves uses LFG
•  The potential shape depends on the Nuclei.

•  Even the potential shape.   



Neut model
•  The target nucleon inside the nucleus has an 

effective mass because the nuclear potential 
modifies the dispersion relation. 

•  Eb ~ 25 MeV in Neut for Carbon.
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Neut model 
nucleon state density 

maximum Fermi momentum  
~250 MeV/c for 
isoscalar nuclei

maximum Fermi energy  
~33 MeV for 

isoscalar nuclei

Average Fermi energy or
binding energy 

~20 MeV for 
isoscalar nuclei

•  Actually NEUT uses other (close values) for carbon (25 MeV) and Oxygen (27 
MeV).  



Nieves model
•  There is a fraction of the Energy that goes to 

transform the target nucleus (12C) in the final 
(excited) nucleus (12N*). 

•  The masses are tabulated. 

•  The final nucleus includes also the energy to 
remove one neutron from the see. This is also 
tabulated. http://nucleardata.nuclear.lu.se/toi/



Nieves model

12C

12N

12N*

minimal 
removal energy

•  This can be seen as a two step 
process: 

1.  Nucleon is moved out from 
the sea and changed its nature 
(n→p, p→n). 

1.  We need to compared the base target 
with the final nuclei with the proton 
just outside the Fermi level.  

2.  The nucleon is accelerated in 
the interaction. 



12C example 

http://nucleardata.nuclear.lu.se/toi/



Comparisons 

•  Nieves model allows to treat neutrinos and 
antineutrinos consistent to its nucleus initial and 
final states and it relies on external data. 

Target ν ν NEUT

12C
12C ➡ 12N (Sp) 
ΔΕ =16.827+0.601 (MeV)

12C ➡ 12B (Sp)
ΔΕ=13.880+3.370 (MeV) 25 MeV

16O
16O ➡ 16F (Sp) 
ΔΕ =14.906-0.536 (MeV)

16O ➡ 16N (Sp)
ΔΕ=10.991+2.489 (MeV) 27 MeV



Effects on μ kinematics
•  Compare Neut and Nieves in bins of muon 

momentum and angle 

• Nieves has fixed binding energy and we vary 
the one of Neut from 25.0 to 17.0

•  Caveat: there are other differences in the 
model so we should not expect perfect 
agreement.  



Effects on μ kinematics
Eν = 0.5 GeV

-1. < cos θμ < 0.0

Nieves Eb  = -16.8 MeV
Neut Eb = -17.0 MeV

Nieves Eb  = -16.8 MeV
Neut Eb = -25.0 MeV

Δmean = 0.007 Δmean = 0.012

A.Cudd 



Effects on μ kinematics
Eν = 0.5 GeV

0.99 < cos θμ < 1.0

Nieves Eb  = -16.8 MeV
Neut Eb = -17.0 MeV

Nieves Eb  = -16.8 MeV
Neut Eb = -25.0 MeV

Δmean = 0.0 Δmean = 0.009

A.Cudd 



Effects on μ kinematics
Eν = 1.0 GeV

-1.0 < cos θμ < 0.0

Nieves Eb  = -16.8 MeV
Neut Eb = -17.0 MeV

Nieves Eb  = -16.8 MeV
Neut Eb = -25.0 MeV

Δmean = 0.013Δmean = 0.007

A.Cudd 



Effects on μ kinematics
Eν = 1.0 GeV

0.99 < cos θμ < 1.0

Nieves Eb  = -16.8 MeV
Neut Eb = -17.0 MeV

Nieves Eb  = -16.8 MeV
Neut Eb = -25.0 MeV

Δmean = 0.001 Δmean = 0.009

A.Cudd 



Effects on μ kinematics
•  Bias in muon momentum for all angles and all 

relevant neutrino energies. 

•  Bias is reduced by getting the two binding 
energies closer. 

•  Is model implementation less relevant ? 

•  Is this a good way to estimate the binding 
energy from data? 

•  More studies about our data sensitivity are 
needed.   



2p2h model & Nucleus
•  Nieves model is more “handy” in the case of 

2p2h: 

•  Cares only about removed energy and the final 
state is well defined. 

•  2p2h is more complex. 

•  Potentially 2 initial states (nn & np) 

•  At the moment, qvalue = 0 

•  I need to review the implementation of this 
model in Nieves 2p2h as I did in 1p1h.


