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Neutrino oscillations
Observation of neutrino oscillations: 

 Strong evidence of physics beyond the SM 

 need to introduce neutrino mass mechanism

→

→

CoSSURF 2024: Neutrino theory

 introduce more parameters to the model 
(3 angles, at least one phase, 3 masses)

→
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Neutrino oscillations
flavor eigenstates (of weak interaction) and mass eigenstates (of free particle Hamiltonian) 

 not aligned for neutrinos 

νe
νμ
ντ

=
Ue1 Ue2 Ue3
Uμ1 Uμ2 Uμ3

Uτ1 Uτ2 Uτ3

ν1
ν2
ν3

: relates flavor and mass states 

Parametrized by four parameters (3 angles and at least one phase) 

UPMNS

UPMNS = U23(θ23)U13(θ13, δ)U12(θ12)diag(eiα1/2, eiα2/2, 1)

Majorana phases: only physical for Majorana neutrinos,  
oscillation experiments not sensitive to them but 

experiments sensitive to lepton number violation are 

CoSSURF 2024: Neutrino theory
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Neutrino oscillation parameters
produce neutrino of flavor  with energy E, probability to detect neutrino  

with flavor  at distance L is  
 

In a 2-flavor approximation 

α
β

P(να → νβ) = sin2 2θ sin2(Δm2
ijL/4E), Δm2

ij = m2
i − m2

j

CoSSURF 2024: Neutrino theory
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Neutrino oscillation parameters
produce neutrino of flavor  with energy E, probability to detect neutrino  

with flavor  at distance L is  
 

In a 2-flavor approximation 

α
β

P(να → νβ) = sin2 2θ sin2(Δm2
ijL/4E), Δm2

ij = m2
i − m2

j

Compare number of events 
at near detector to  
number of events at  

far detector to  
extract probability 

CoSSURF 2024: Neutrino theory

 Good knowledge of  
fluxes, cross sections,  

detector effects required  
to extract probability

→ NND(Eobs) = ∫ dEν ⋅ ϕND(Eν) ⋅ σ(Eν) ⋅ DND

NFD(Eobs) = ∫ dEν ⋅ ϕFD(Eν) ⋅ P(Eν) ⋅ σ(Eν) ⋅ DFD
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Neutrino oscillation parameters
Global fits to oscillation data: 

Information on mixing angles, mass splittings

CoSSURF 2024: Neutrino theory

[Denton et al, 22]

https://arxiv.org/pdf/2212.00809
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Neutrino oscillation parameters
Global fits to oscillation data: 

Information on mixing angles, mass splittings

mass splittings:  

mass ordering unknown  

|Δm2
32 | = 2.5 ⋅ 10−3 eV2, Δm2

21 = 7.4 ⋅ 10−5 eV2

m1 < m2 < m3 m3 < m1 < m2

[nufit v5.1]

CoSSURF 2024: Neutrino theory

http://www.nu-fit.org/
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Neutrino oscillation parameters

all three angles non-zero 
mixing angles are large!  

[nufit v5.1]

θ12 ≈ 33.6∘, θ23 ≈ 49∘, θ13 ≈ 8.5∘

CoSSURF 2024: Neutrino theory

Global fits to oscillation data: 
Information on mixing angles, mass splittings

http://www.nu-fit.org/
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Neutrino oscillation parameters

surprising if compared to small quark mixing  
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all three angles non-zero 
mixing angles are large!  

[nufit v5.1]

CoSSURF 2024: Neutrino theory

Global fits to oscillation data: 
Information on mixing angles, mass splittings

http://www.nu-fit.org/
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Neutrino oscillation parameters

all three mixing angles are non-zero  
→ possibility for CPV in lepton sector 

 
 currently least known parameter is  which 

governs CPV in lepton sector 

 Want to measure ! 
  

δ

⇒ δ
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δ

[degree]

nufit v5.1, NO

★

[nufit v5.1]

CoSSURF 2024: Neutrino theory

Global fits to oscillation data: 
Information on mixing angles, mass splittings

http://www.nu-fit.org/
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CPV in mass matrices quantified via basis invariant  
  

 

All mixing angles play a role! 
 

quark mixing matrix: non-zero   but CPV is small  

Is CP violated in the lepton sector?   

JCP = sin θ13 cos2 θ13 sin θ12 cos θ12 sin θ23 cos θ23 sin δ

Jmax
CP = 1/(6 3) ≈ 0.096

δCKM |JCKM | /Jmax
CP = 3 ⋅ 10−4

|JPMNS | /Jmax
CP < 0.34

[Jarlskog ’85]

[PDG]

Future experiments will find the answer

Neutrino oscillation parameters

CoSSURF 2024: Neutrino theory
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Atmospheric neutrino experiments:  
IceCube, KM3NeT 
 , mass ordering→ θ23

Future of oscillation physics
Goals: Measurement of CP phase, octant of , mass orderingθ23

Long baseline (300 km, 1300 km) accelerator neutrino experiments:  
Hyper-Kamiokande, DUNE 

 CP phase, octant of , mass ordering→ θ23

Medium baseline (~50 km) reactor neutrino experiment:  
JUNO 

  mass ordering→ θ12, Δm2
21,

CoSSURF 2024: Neutrino theory

See talks by K. Wood, S. Gollapinni 
+talks in parallel sessions

See talk by R.Mandujano
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Future of oscillation physics

• Neutrino mass ordering has important implications for observables 

What will we learn? 

• Distinguish different flavor models with precision oscillation measurements

• New physics in oscillations

CoSSURF 2024: Neutrino theory
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Future of oscillation physics
• Neutrino mass ordering has important implications for observables 

What will we learn? 
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CoSSURF 2024: Neutrino theory

See talk by A. GavinSee talks by K. Mistry, A. Piepke + talks in parallel sessions
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Most predictive flavor models predict relations between mixing parameter like 

 

Can be used to distinguish different mixing pattern

θPMNS
12 − θν

12 ≈ θPMNS
13 cos δ

[JG, Petcov, Spinrath, Titov 2203.06219]

CoSSURF 2024: Neutrino theory

Future of oscillation physics
• Distinguish different flavor models with precision oscillation measurements

https://arxiv.org/pdf/2203.06219.pdf


• Distinguish different flavor models with precision oscillation measurements
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[Blennow, Ghosh, Ohlsson, Titov 2004.00017]

Sum rules can be used to distinguish different mixing pattern

Correlations can 
 be probed!

[JG, Spinrath 2012.04131]

CoSSURF 2024: Neutrino theory

Future of oscillation physics

Future experiments can disentangle different models 

at > !5σ

https://arxiv.org/pdf/2004.00017.pdf
https://arxiv.org/pdf/2012.04131
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Sterile neutrinos 

[Berryman, de Gouvea, Kelly, Kobach 1507.03986]

• Light sterile neutrino(~eV mass):  
direct imprint in oscillations  

• Medium heavy (~MeV-GeV mass): impact of 
meson decay spectrum, observable at ND 

• Heavy (>GeV mass): non-unitarity of PMNS 
matrix 

CoSSURF 2024: Neutrino theory

Future of oscillation physics

DUNE

https://arxiv.org/pdf/1507.03986
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Neutrino non-standard interactions (NSI) 

[Chatterjee, Dev, Machado 2106.04597]

EFT framework: 

 ℒeff = ℒSM +
1
Λ

δℒd=5 +
1

Λ2
δℒd=6 + …

ℒNSI = − 2 2GF ∑
α,β,f,P

ϵ f
αβ(ναPνβ)( fPf )

ϵ ∼ 𝒪(GX /GF)

NC NSI: 

Affect neutrino oscillations as a new matter effect 

CoSSURF 2024: Neutrino theory

Future of oscillation physics
DUNE

ν̄α
νβ

ff̄

https://arxiv.org/pdf/2106.04597
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NSI also affect neutrino scattering experiments 
 resolves degeneracy present in oscillation experiments →

New physics in scattering
Neutrino non-standard interactions (NSI) 

DM direct detection experiments will be sensitive to neutrino fog  
(neutrino-nucleus scattering events) soon  

  
Depending on type of interaction:  

  large NSI effects →

O’ Hare  2109.03116]

CoSSURF 2024: Neutrino theory

See DM talks tomorrow!

https://arxiv.org/pdf/2109.03116
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Neutrino mass

Dirac neutrinos 

 
like other SM fermions

mD = yννLH̃NR

What is neutrino mass generation mechanism? 

CoSSURF 2024: Neutrino theory



What is neutrino mass generation mechanism? 
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Neutrino mass

Majorana neutrinos 

 
Neutrinos are the only SM particles  
that could have such a mass term

mM = MNνLνc
L

Dirac neutrinos 

 
like other SM fermions

mD = yννLH̃NR

Term not gauge invariant!

CoSSURF 2024: Neutrino theory



What is neutrino mass generation mechanism? 
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Neutrino mass

Majorana neutrinos 

 
Neutrinos are the only SM particles  
that could have such a mass term

mM = MNνLνc
L

In any case need new particles! 

 observation of neutrino oscillations predicts new particles!→

Dirac neutrinos 

 
like other SM fermions

mD = yννLH̃NR

Term not gauge invariant!

CoSSURF 2024: Neutrino theory
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What is the neutrino mass scale? 

Only upper limit on neutrino mass scale so far! 

Neutrino mass

Cosmological sum of neutrino masses: 

  ∑ mν ≲ 0.1 eV

Depending on data sets combined

[Di Valentino, Gariazzo,

 Mena, 2207.05167]

[Di Valentino, Gariazzo, 

Mena, 2106.15267]

Future cosmological observatories will  
measure sum of neutrino masses

CoSSURF 2024: Neutrino theory

https://arxiv.org/pdf/2207.05167.pdf
https://arxiv.org/pdf/2106.15267.pdf


What is neutrino mass scale? 
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Neutrino mass

Neutrinos much lighter than other fermions 

Dirac neutrinos: Yukawa coupling yν ≲ 10−13

Direct probe of  colliders not possible H → νν

[CMS 2009.04363 ]

Dirac neutrinos would have a much smaller  
Yukawa coupling than other fermions

Reason for smallness of neutrino mass?

CoSSURF 2024: Neutrino theory

https://arxiv.org/pdf/2009.04363.pdf
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Neutrino mass

Majorana mass term arises from higher dimension operators! 

 explains smallness of neutrino mass due to suppression by high scale→

Majorana neutrino mass operators occur at odd dimension

[Kobach 1604.05726 ]

 𝒪 ∝ (LLHH)(H†H)n

→ mν ∝ c
v2

Λ ( v
Λ )

d−5

CoSSURF 2024: Neutrino theory

https://arxiv.org/pdf/1604.05726.pdf
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Neutrino mass
Majorana mass term arises from higher dimension operators! 

 explains smallness of neutrino mass due to suppression by high scale→

Dimension 5 operator 

ℒ5 = c5
(LcH̃*)(H̃†LL)

Λ

Dimension 7

Dimension 9Only dim-5 operator that can  
be build with SM fields alone 

Expect first signs of  
new physics from lowest SMEFT operator 

 neutrino mass→

ℒ7 ∝ c7
(LLHH)(H†H)

Λ3

ℒ9 ∝ c9
(LLHH)(H†H)(H†H)

Λ5

…

CoSSURF 2024: Neutrino theory
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Maze of possibilities
Neutrino mass mechanism

Dirac Majorana

Dimension 5 
operator

Dimension 7 
operator

Dimension 9 
operator …

CoSSURF 2024: Neutrino theory
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Majorana mass term violates lepton number 
Dirac mass term conserves lepton number 
 search for lepton number violating processes 

Effect  neutrino mass! 

⇒

∝

Testing neutrino mass mechanisms

Dirac Majorana

Dirac vs Majorana neutrinos

CoSSURF 2024: Neutrino theory
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Dirac vs Majorana neutrinos
Neutrinoless double beta decay experiments aim to provide an answer 
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Large parameter space, depending  
on absolute mass scale and mass ordering

Currently just upper limit, 
 no observation

Testing neutrino mass mechanisms

Width of allowed bands depends on 
 Majorana phases

CoSSURF 2024: Neutrino theory

T−1
1/2 = |mββ |2 G0ν |M0ν |2

Nuclear matrix element:  
large uncertainty

See talks by K. Mistry, A. 
Piepke + talks in parallel 

sessions
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New particles are introduced in neutrino mass generation mechanisms 
 search for them! 

Identify UV complete models for higher dimensional operators 

→

Testing neutrino mass mechanisms
New particles associated to mass generation

CoSSURF 2024: Neutrino theory
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Identify UV complete models for higher dimensional operators 

Testing neutrino mass mechanisms
New particles associated to mass generation

Example: realizations of dim-5 operator 

H
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µ
<latexit sha1_base64="8nh7aonYi8Ake4aYf7zdRbOipH0=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmmSXZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjbJDOMNlsjEtCNquRSaN1Cg5O3UcKoiyVvR6HZWbz1xY0WiH3Gc8lDRgRaxYBSd9dBVWa9c8av+XGQVghwqkKveK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMehporbcDJfdUrOnNMncWLc00jm7u+JCVXWjlXkOhXFoV2uzcz/ap0M4+twInSaIdds8VGcSYIJmd1N+sJwhnLsgDIj3K6EDamhDF06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld486T34r17H4vWgpfPHMMfeZ8/XWCN1g==</latexit><latexit sha1_base64="8nh7aonYi8Ake4aYf7zdRbOipH0=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmmSXZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjbJDOMNlsjEtCNquRSaN1Cg5O3UcKoiyVvR6HZWbz1xY0WiH3Gc8lDRgRaxYBSd9dBVWa9c8av+XGQVghwqkKveK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMehporbcDJfdUrOnNMncWLc00jm7u+JCVXWjlXkOhXFoV2uzcz/ap0M4+twInSaIdds8VGcSYIJmd1N+sJwhnLsgDIj3K6EDamhDF06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld486T34r17H4vWgpfPHMMfeZ8/XWCN1g==</latexit><latexit sha1_base64="8nh7aonYi8Ake4aYf7zdRbOipH0=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmmSXZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjbJDOMNlsjEtCNquRSaN1Cg5O3UcKoiyVvR6HZWbz1xY0WiH3Gc8lDRgRaxYBSd9dBVWa9c8av+XGQVghwqkKveK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMehporbcDJfdUrOnNMncWLc00jm7u+JCVXWjlXkOhXFoV2uzcz/ap0M4+twInSaIdds8VGcSYIJmd1N+sJwhnLsgDIj3K6EDamhDF06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld486T34r17H4vWgpfPHMMfeZ8/XWCN1g==</latexit><latexit sha1_base64="8nh7aonYi8Ake4aYf7zdRbOipH0=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmmSXZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjbJDOMNlsjEtCNquRSaN1Cg5O3UcKoiyVvR6HZWbz1xY0WiH3Gc8lDRgRaxYBSd9dBVWa9c8av+XGQVghwqkKveK391+wnLFNfIJLW2E/gphhNqUDDJp6VuZnlK2YgOeMehporbcDJfdUrOnNMncWLc00jm7u+JCVXWjlXkOhXFoV2uzcz/ap0M4+twInSaIdds8VGcSYIJmd1N+sJwhnLsgDIj3K6EDamhDF06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld486T34r17H4vWgpfPHMMfeZ8/XWCN1g==</latexit>

Y
<latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit>

LL LL
H

<latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit>

Y
<latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

H
<latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

Y
<latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit>

Σ0c

H
<latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit>

Y
<latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

H
<latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit><latexit sha1_base64="z3jZXIhnYFBqfQCeAbS3qBX2svk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/t5vfOESvNYPphpgn5ER5KHnFFjrWZ9UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/2MyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryu1uzyOIpzBOVyCBzdQgzo0oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AnXuMzA==</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

Y
<latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit><latexit sha1_base64="45RxAjus7J8fHMzWOdPWZptgqnI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfshbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXks780kQT+iQ8lDzqixVuOhX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Atz+M3Q==</latexit>

NR
<latexit sha1_base64="QMHtjMspReu/07wKK7dQNa5yMy4=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunEl9dILtKFMppN26GQSZk6EEvoIblwo4tYncufbOG2z0NYfBj7+cw5zzh8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe++V664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/9q42X</latexit><latexit sha1_base64="QMHtjMspReu/07wKK7dQNa5yMy4=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunEl9dILtKFMppN26GQSZk6EEvoIblwo4tYncufbOG2z0NYfBj7+cw5zzh8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe++V664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/9q42X</latexit><latexit sha1_base64="QMHtjMspReu/07wKK7dQNa5yMy4=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunEl9dILtKFMppN26GQSZk6EEvoIblwo4tYncufbOG2z0NYfBj7+cw5zzh8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe++V664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/9q42X</latexit><latexit sha1_base64="QMHtjMspReu/07wKK7dQNa5yMy4=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunEl9dILtKFMppN26GQSZk6EEvoIblwo4tYncufbOG2z0NYfBj7+cw5zzh8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe++V664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/9q42X</latexit>

MN
<latexit sha1_base64="YxLlWNdBUgiyEnZ+MYCNymxEdPI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe+uV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuX780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/2FY2S</latexit><latexit sha1_base64="YxLlWNdBUgiyEnZ+MYCNymxEdPI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe+uV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuX780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/2FY2S</latexit><latexit sha1_base64="YxLlWNdBUgiyEnZ+MYCNymxEdPI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe+uV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuX780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/2FY2S</latexit><latexit sha1_base64="YxLlWNdBUgiyEnZ+MYCNymxEdPI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3iOOF+RAdKhIJRtNbDbe+uV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuX780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz/2FY2S</latexit>

Nc
R

MΣ

Σ0

Type I seesaw Type II seesaw Type III seesaw

 SM singlet 
“Right-handed neutrino”

NR :
:  scalar triplet Δ SU(2)L :  fermion triplet Σ SU(2)L
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• Neutrino oscillations  Very strong evidence for physics beyond the SM 

•  Next generation experiments will lead to precision measurement of 

oscillation parameters 

• We will learn more about neutrino sector and neutrino theory in the 

near future 

• Many different possibilities for neutrino mass generation mechanism: 

need to test their predictions and build more testable models

→

Summary & Conclusion

CoSSURF 2024: Neutrino theory
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Thanks for your attention!

CoSSURF 2024: Neutrino theory
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DUNE sensitivityHyper-Kamiokande sensitivity
[DUNE TDR ’20][HK DR ’18]

DUNE & HK combination
[Ballett et al,  
1612.07275]

Assuming no new physics and known other oscillation parameters

Appendix: CP violation searches

CoSSURF 2024: Neutrino theory
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Appendix: Future of oscillation 
physics

[JUNO ’23]

CoSSURF 2024: Neutrino theory
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[JG, Denton 2308.09737 ]

Appendix: Neutrino mass

CoSSURF 2024: Neutrino theory

https://arxiv.org/pdf/2308.09737.pdf
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Signs of lepton number breaking in the early Universe 
Gravitational waves from decay of cosmic strings from breaking of 

 lepton number symmetry

[King, Marfatia, Rahat 2306.05389 ]

Signature depends on 

 Lepton number 

 breaking scale 

[see also Dror, Hiramatsu, 

Kohri, Murayama, White 2306.05389 ]

Dirac vs Majorana neutrinos

CoSSURF 2024: Neutrino theory

Appendix: Neutrino mass mechanism

https://arxiv.org/pdf/2306.05389.pdf
hhttps://arxiv.org/pdf/1908.03227.pdf
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Appendix: Mixing sum rules
Sum rules can be used to distinguish different mixing pattern

Future experiments can disentangle different models 

[JG, Petcov, Spinrath, Titov 2203.06219]

CoSSURF 2024: Neutrino theory

https://arxiv.org/pdf/2203.06219.pdf
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Appendix: Mixing sum rules
Sum rules can be used to distinguish different mixing pattern

Future experiments can disentangle different models 

[JG, Petcov, Spinrath, Titov 2203.06219]
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https://arxiv.org/pdf/2203.06219.pdf
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[de Gouvea, Kelly 1511.05562]

[Chatterjee, Dev, Machado 2106.04597]

CoSSURF 2024: Neutrino theory

Appendix: New physics

https://arxiv.org/pdf/1511.05562
https://arxiv.org/pdf/2106.04597

