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𝛥𝑚232 (𝑁𝐻)=[2.45±0.06(𝑠𝑡𝑎𝑡.)±0.06(𝑠𝑦𝑠𝑡.)]×10−3𝑒𝑉2 
𝛥𝑚232 (𝐼𝐻)=[−2.55±0.06(𝑠𝑡𝑎𝑡.)±0.06(𝑠𝑦𝑠𝑡.)]×10−3𝑒𝑉2
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𝜃23 maximal mixing disfavored at about 
more than 2σ level  
best-fit octant flips with mass ordering

NOvA and MINOS prefer nonmaximal mixing
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Mass Ordering: present situation

NOvA - slight preference for NO 

T2K - preference for NO

SK preference for NO     𝜟𝝌2IH-NH = 5.2

Our Global Fit    𝜟𝝌2IH-NH = 3.6

Nu-Fit sept. 2017 (very preliminary, see talk of C.Gonzalez-Garcia)  𝜟𝝌2IH-NH ~ 3 
de Salas et al. (arXiv:1708.01186)  𝜟𝝌2IH-NH = 2.7 

http://arxiv.org/abs/arXiv:1708.01186
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Cosmological Data Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)



Cosmological Data

Two classes of models

Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)



Cosmological Data

𝜦CDM+𝛴: flat universe with a cosmological constant and 
adiabatic perturbations plus massive neutrinos (6+1 parameters)

Two classes of models

Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)



Cosmological Data

𝜦CDM+𝛴: flat universe with a cosmological constant and 
adiabatic perturbations plus massive neutrinos (6+1 parameters)

𝜦CDM+𝛴+Alens: one parameter more that controls lensing in  
the Planck angular spectra (6+1+1 parameters)

Two classes of models

Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)



Cosmological Data

𝜦CDM+𝛴: flat universe with a cosmological constant and 
adiabatic perturbations plus massive neutrinos (6+1 parameters)

𝜦CDM+𝛴+Alens: one parameter more that controls lensing in  
the Planck angular spectra (6+1+1 parameters)

Two classes of models

We separately study NO and IO, taking as unknown the lowest 
neutrino mass and calculating the other two by means of the  
best-fit values of the mass square differences δm2 and Δm2 

Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)



Cosmological Data

𝜦CDM+𝛴: flat universe with a cosmological constant and 
adiabatic perturbations plus massive neutrinos (6+1 parameters)

𝜦CDM+𝛴+Alens: one parameter more that controls lensing in  
the Planck angular spectra (6+1+1 parameters)

Two classes of models

We separately study NO and IO, taking as unknown the lowest 
neutrino mass and calculating the other two by means of the  
best-fit values of the mass square differences δm2 and Δm2 

All in all 12 = 6 x 2 data set combinations 
6 cases with Alens=1 and 6 with Alens free

TT          Temperature anisotropy 
TE,EE       Polarization 
𝝉HFI          Reionization prior on optical depth 
BAO         Baryon acoustic oscillation

Bari group, E. Di Valentino, A. Melchiorri, 
Phys.Rev. D95 (2017) no.9, 096014)
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𝜦CDM+𝛴: flat universe with a cosmological constant and 
adiabatic perturbations plus massive neutrinos (6+1 parameters)

𝜦CDM+𝛴+Alens: one parameter more that controls lensing in  
the Planck angular spectra (6+1+1 parameters)

Two classes of models

We separately study NO and IO, taking as unknown the lowest 
neutrino mass and calculating the other two by means of the  
best-fit values of the mass square differences δm2 and Δm2 

All in all 12 = 6 x 2 data set combinations 
6 cases with Alens=1 and 6 with Alens free

TT          Temperature anisotropy 
TE,EE       Polarization 
𝝉HFI          Reionization prior on optical depth 
BAO         Baryon acoustic oscillation

Focus on 4 representative cases —> (#10,#1,#9,#6)
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After the inclusion of energy scale 
and flux shape uncertainties, NO 
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Energy scale uncertainties  
E->E’(E) stretch the “x-axis” 

After the inclusion of energy scale 
and flux shape uncertainties, NO 
(true) and IO (fit) spectra become 
less distinguishable —> some loss of 
sensitivity to mass ordering
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JUNO-like prospective sensitivity to mass ordering (our estimate*)

(*) Phys.Rev. D92 (2015) no.9, 093011
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Abscissa scales as T1/2 -> linear behaviour for pure statistical errors
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Abscissa scales as T1/2 -> linear behaviour for pure statistical errors

Inclusion of energy-scale uncertainties bends the linear rise, but still 
allows 3𝝈 discrimination after ～6 years of data taking. With the inclusion 

of  flux-shape uncertainties: 3𝝈 sensitivity in ～10 years
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Abscissa scales as T1/2 -> linear behaviour for pure statistical errors

Inclusion of energy-scale uncertainties bends the linear rise, but still 
allows 3𝝈 discrimination after ～6 years of data taking. With the inclusion 

of  flux-shape uncertainties: 3𝝈 sensitivity in ～10 years

Also the precise determination of (𝛅m2,𝜽12) affected: accuracy decreased by a 
factor of ~3, and the central values biased if wrong mass ordering is assumed
(*) Phys.Rev. D92 (2015) no.9, 093011
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• Ranges of well-known 3𝛎 parameters (𝛿m2,𝜽12) & (𝜟m2,𝜽13) 
  confirmed by 𝛎2017 data updates

• CPV: sin𝛿<0 preferred

• Mass Ordering: IO disfavored by oscillation data: 
                      LBL+Sol+KL   +SBL   +ATM 
   𝜟𝝌2(IO-NO)             1.1         1.1     3.6  
• Non oscillation data corroborate NO 
• Info from ongoing - near future experiments 
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• Octant info: still fragile and dependent on mass ordering


