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Baryon Number:  Cosmic Wonder 



Our favorite theories predict it 
 SM … GUTs ... RPV SUSY  
 ... quantum gravity(?) ...  

 
 
 
We can test for it 

 proton decay … 0νββ  …   
 n-nbar oscillations  …  colliders …  
  

 
 
Cosmology requires it  

 baryogenesis 
  

The mid-conference crisis:
Why do we study baryon- and 

lepton-number violation?!



outline	

(1)  review: intro to baryogenesis!
!

!
!
!
(2)  overview: models of baryogenesis!
	

•  What’s the cosmological evidence for B-violation? 
•  How does B-violation lead to baryogenesis? 
•  What’s the role of SM B-violation? 

1.  high-scale leptogenesis (FY) 
2.  low-scale leptogenesis (ARS) 
3.  CPV meson oscillations 
(+ Carlos will talk about electroweak baryogenesis) 



Cosmological evidence for B-violation!

Our world is made up of matter  
     (rather than antimatter) 

 
 matter means baryons: 

         matter = nuclei + electrons 
 anti-matter = anti-nuclei + positrons 



Our world is made up of matter  
     (rather than antimatter) 

 
 matter means baryons: 

         matter = nuclei + electrons 
 anti-matter = anti-nuclei + positrons 

Cosmological evidence for B-violation!

The entire observable universe 
(40 Gly) is made up of matter. 
 
It’s not a patchwork of matter & 
antimatter domains … e.g., no 
diffuse γ-rays at the interfaces	

[Steigman	(1976)]	
[Cohen,	De	Rujula,	&	Glashow	(1998)]	

[Poulin	et.	al.	(2018)]	



 
Cosmological observations allow 
us to measure the amount of 
matter in the visible universe. 
  sounds waves in the primordial 
baryon-photon plasma leave their imprint 
on the CMB anisotropies 
 

Cosmological evidence for B-violation!
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[Planck	(2018)]	
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⌦b ' 5% of energy budget
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units of baryon number in 
the observable universe 

for cosmologists Ωb is a free 
parameter that’s fit to the data 

 
for particle physicists  

this is a challenge! 



Baryogenesis 
 

 A dynamical event that took place in the early  
universe (t <~ 1 sec) during which the cosmological  
excess of matter over antimatter was created.   

Cosmological evidence for B-violation!

A cosmic wonder 
 
Why is there more matter than antimatter in the 
observable universe?  How did the excess arise?   

When	did	baryogenesis	occur?			
What’s	the	relevant	energy	scale?	
What	parNcles	&	interacNons	were	involved?			
What	other	relics	may	have	been	produced	at	the	same	Nme?	

There is a lot that we don’t know about baryogenesis!



How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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we want to start here…

…and end up here…

…but not here



How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 
 

(1)  A process that changes B 

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 
 

(1)  A process that changes B 

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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unitarity	requires	these	other	processes	as	well	



How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 
 

(1)  A process that changes B 
(2)  A bias (C & CP-violation) favoring ΔB>0 

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 
 

(1)  A process that changes B 
(2)  A bias (C & CP-violation) favoring ΔB>0 
(3)  A departure from thermal equilibrium	

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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take away:  baryogenesis requires baryon-number violation



How does B-violation lead to baryogenesis?!

Three ingredients for successful baryogenesis 
 

(1)  A process that changes B 
(2)  A bias (CP-violation) favoring ΔB>0 
(3)  A departure from thermal equilibrium	

[Sakharov	(1967)]	
[Yoshimura	(1978)]	

[Dimopoulos	&	Susskind	(1978)]	
[Kolb	&	Wolfram	(1979)]	
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Within the Standard Model? 

Where does B-violation come from?!

Beyond the Standard Model?   
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The chiral EW interactions lead to anomalies in B and L 
  

 
 
 
 
 
Large quantum fluctuations of Wµ

a (aka electroweak instanton) induce 
reactions among the quarks and leptons that violate baryon number 

Standard Model baryon-number violation!

�B = �L = ±3
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The Standard Model predicts 
catastrophic nuclear decay! 
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<latexit sha1_base64="C3+Yac0dsbZuU+87K6P1B/skMhY=">AAACW3iclVBNSwJBGB7XPsystOjUZUiCTu5uBHUKIQ9dAoNWBV1kdhxtcD6WmdlKlv0RXeuXdei/NOoeMgrqhYGH54PnnTeKGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJgCWTqhchTRgVJDDUMNKLFUE8YqQbTa/neveRKE2luDezmIQcTQQdU4yMpbrpIOKwlQ2rdb/hLQb+Duogn/awVrgajCROOBEGM6R13/diE6ZIGYoZycqDRJMY4SmakL6FAnGiw3SxbwZPLDOCY6nsEwYu2K+JFHGtZzyyTo7Mg/6uzcmftH5ixpdhSkWcGCLwsmicMGgknH8ejqgi2LCZBQgraneF+AEphI090UqLG2hLuUiMFHliUkzclpJxJJ/dW6qxy2e5UWf/i9kibjPlv128c9bwvYZ/d15vNvPbl8AROAanwAcXoAluQBsEAIMpeAGv4K3w4RSdslNZWp1CnjkAK+McfgJ2xrY5</latexit><latexit sha1_base64="C3+Yac0dsbZuU+87K6P1B/skMhY=">AAACW3iclVBNSwJBGB7XPsystOjUZUiCTu5uBHUKIQ9dAoNWBV1kdhxtcD6WmdlKlv0RXeuXdei/NOoeMgrqhYGH54PnnTeKGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJgCWTqhchTRgVJDDUMNKLFUE8YqQbTa/neveRKE2luDezmIQcTQQdU4yMpbrpIOKwlQ2rdb/hLQb+Duogn/awVrgajCROOBEGM6R13/diE6ZIGYoZycqDRJMY4SmakL6FAnGiw3SxbwZPLDOCY6nsEwYu2K+JFHGtZzyyTo7Mg/6uzcmftH5ixpdhSkWcGCLwsmicMGgknH8ejqgi2LCZBQgraneF+AEphI090UqLG2hLuUiMFHliUkzclpJxJJ/dW6qxy2e5UWf/i9kibjPlv128c9bwvYZ/d15vNvPbl8AROAanwAcXoAluQBsEAIMpeAGv4K3w4RSdslNZWp1CnjkAK+McfgJ2xrY5</latexit><latexit sha1_base64="C3+Yac0dsbZuU+87K6P1B/skMhY=">AAACW3iclVBNSwJBGB7XPsystOjUZUiCTu5uBHUKIQ9dAoNWBV1kdhxtcD6WmdlKlv0RXeuXdei/NOoeMgrqhYGH54PnnTeKGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJgCWTqhchTRgVJDDUMNKLFUE8YqQbTa/neveRKE2luDezmIQcTQQdU4yMpbrpIOKwlQ2rdb/hLQb+Duogn/awVrgajCROOBEGM6R13/diE6ZIGYoZycqDRJMY4SmakL6FAnGiw3SxbwZPLDOCY6nsEwYu2K+JFHGtZzyyTo7Mg/6uzcmftH5ixpdhSkWcGCLwsmicMGgknH8ejqgi2LCZBQgraneF+AEphI090UqLG2hLuUiMFHliUkzclpJxJJ/dW6qxy2e5UWf/i9kibjPlv128c9bwvYZ/d15vNvPbl8AROAanwAcXoAluQBsEAIMpeAGv4K3w4RSdslNZWp1CnjkAK+McfgJ2xrY5</latexit><latexit sha1_base64="C3+Yac0dsbZuU+87K6P1B/skMhY=">AAACW3iclVBNSwJBGB7XPsystOjUZUiCTu5uBHUKIQ9dAoNWBV1kdhxtcD6WmdlKlv0RXeuXdei/NOoeMgrqhYGH54PnnTeKGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJgCWTqhchTRgVJDDUMNKLFUE8YqQbTa/neveRKE2luDezmIQcTQQdU4yMpbrpIOKwlQ2rdb/hLQb+Duogn/awVrgajCROOBEGM6R13/diE6ZIGYoZycqDRJMY4SmakL6FAnGiw3SxbwZPLDOCY6nsEwYu2K+JFHGtZzyyTo7Mg/6uzcmftH5ixpdhSkWcGCLwsmicMGgknH8ejqgi2LCZBQgraneF+AEphI090UqLG2hLuUiMFHliUkzclpJxJJ/dW6qxy2e5UWf/i9kibjPlv128c9bwvYZ/d15vNvPbl8AROAanwAcXoAluQBsEAIMpeAGv4K3w4RSdslNZWp1CnjkAK+McfgJ2xrY5</latexit>

p
<latexit sha1_base64="bEILt8MbpMUp9s3tZpwIPYBAdVA=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzmM82GlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ8xetmU=</latexit><latexit sha1_base64="bEILt8MbpMUp9s3tZpwIPYBAdVA=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzmM82GlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ8xetmU=</latexit><latexit sha1_base64="bEILt8MbpMUp9s3tZpwIPYBAdVA=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzmM82GlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ8xetmU=</latexit><latexit sha1_base64="bEILt8MbpMUp9s3tZpwIPYBAdVA=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzmM82GlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ8xetmU=</latexit>

n
<latexit sha1_base64="fpwU06hoYxqW18F5Fyz4FVZVGDc=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzkU+bBSC+r+fODvoAaW0xxWC1f9kcQJJ8JghrTuBX5sBhlShmJGcrefaBIjPEVj0rNQIE70IJvvm8MTy4xgJJV9wsA5+zWRIa51ykPr5MhM9HdtRv6k9RITXQ4yKuLEEIEXRVHCoJFw9nk4oopgw1ILEFbU7grxBCmEjT3RSovX0pbykBgp8sSkGHs3SsahfPbuqMYeT5dGnf8vZou4zbh/u3j7rB749eD+vNZoLG9fAkfgGJyCAFyABrgFTdACGEzBC3gFb4UPp+i4TnlhdQrLzAFYGefwE8h6tmM=</latexit><latexit sha1_base64="fpwU06hoYxqW18F5Fyz4FVZVGDc=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzkU+bBSC+r+fODvoAaW0xxWC1f9kcQJJ8JghrTuBX5sBhlShmJGcrefaBIjPEVj0rNQIE70IJvvm8MTy4xgJJV9wsA5+zWRIa51ykPr5MhM9HdtRv6k9RITXQ4yKuLEEIEXRVHCoJFw9nk4oopgw1ILEFbU7grxBCmEjT3RSovX0pbykBgp8sSkGHs3SsahfPbuqMYeT5dGnf8vZou4zbh/u3j7rB749eD+vNZoLG9fAkfgGJyCAFyABrgFTdACGEzBC3gFb4UPp+i4TnlhdQrLzAFYGefwE8h6tmM=</latexit><latexit sha1_base64="fpwU06hoYxqW18F5Fyz4FVZVGDc=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzkU+bBSC+r+fODvoAaW0xxWC1f9kcQJJ8JghrTuBX5sBhlShmJGcrefaBIjPEVj0rNQIE70IJvvm8MTy4xgJJV9wsA5+zWRIa51ykPr5MhM9HdtRv6k9RITXQ4yKuLEEIEXRVHCoJFw9nk4oopgw1ILEFbU7grxBCmEjT3RSovX0pbykBgp8sSkGHs3SsahfPbuqMYeT5dGnf8vZou4zbh/u3j7rB749eD+vNZoLG9fAkfgGJyCAFyABrgFTdACGEzBC3gFb4UPp+i4TnlhdQrLzAFYGefwE8h6tmM=</latexit><latexit sha1_base64="fpwU06hoYxqW18F5Fyz4FVZVGDc=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzkU+bBSC+r+fODvoAaW0xxWC1f9kcQJJ8JghrTuBX5sBhlShmJGcrefaBIjPEVj0rNQIE70IJvvm8MTy4xgJJV9wsA5+zWRIa51ykPr5MhM9HdtRv6k9RITXQ4yKuLEEIEXRVHCoJFw9nk4oopgw1ILEFbU7grxBCmEjT3RSovX0pbykBgp8sSkGHs3SsahfPbuqMYeT5dGnf8vZou4zbh/u3j7rB749eD+vNZoLG9fAkfgGJyCAFyABrgFTdACGEzBC3gFb4UPp+i4TnlhdQrLzAFYGefwE8h6tmM=</latexit>

u
<latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit>

u
<latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit>

u
<latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit><latexit sha1_base64="Oo73tpUzjg3r46lXCdVI/TZzJFE=">AAACW3iclVDLSgMxFE2nPupYtVVcuQkWwVVnRgRdSUEXboQK9gFtKZk004bmMSQZdRjmI9zql7nwX0wfCysKeiFwOA/OzQ1jRrXx/feCU1xb39gsbbnb5Z3dvUp1v61lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJp9czvfNIlKZSPJg0JgOOxoJGFCNjqU7WDzlM8mGlFtT9+cDfQQ0spzmsFq76I4kTToTBDGndC/zYDDKkDMWM5G4/0SRGeIrGpGehQJzoQTbfN4cnlhnBSCr7hIFz9msiQ1zrlIfWyZGZ6O/ajPxJ6yUmuhxkVMSJIQIviqKEQSPh7PNwRBXBhqUWIKyo3RXiCVIIG3uilRavpS3lITFS5IlJMfZulIxD+ezdUY09ni6NOv9fzBZxm3H/dvH2WT3w68H9ea3RWN6+BI7AMTgFAbgADXALmqAFMJiCF/AK3gofTtFxnfLC6hSWmQOwMs7hJ9YYtmo=</latexit>

d
<latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit>

d
<latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit>

d
<latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit><latexit sha1_base64="WLqg/p9xHsb2Po3ggRiD1bSFk+s=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4B2KJlM2obmMSQZtQzzEW71y1z4L6btLKwo6IXA4Tw4NzeMGdXG894LTnFtfWOztFXeruzs7lVr+x0tE4VJG0smVS9EmjAqSNtQw0gvVgTxkJFuOL2e691HojSV4sHMYhJwNBZ0RDEyluqmg5DDKBtW637DWwz8HdRBPq1hrXA1iCROOBEGM6R13/diE6RIGYoZycqDRJMY4Skak76FAnGig3SxbwZPLBPBkVT2CQMX7NdEirjWMx5aJ0dmor9rc/InrZ+Y0WWQUhEnhgi8LBolDBoJ55+HEVUEGzazAGFF7a4QT5BC2NgTrbS4bW0pF4lIkScmxdi9UTIO5bN7RzV2+Sw36ux/MVvEbab8t4t3zhq+1/Dvz+vNZn77EjgCx+AU+OACNMEtaIE2wGAKXsAreCt8OEWn7FSWVqeQZw7AyjiHn7UGtlk=</latexit>

p̄
<latexit sha1_base64="WCGFt5xAJENcfdr0MaUx6Yu1KHE=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgShNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmGXus4=</latexit><latexit sha1_base64="WCGFt5xAJENcfdr0MaUx6Yu1KHE=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgShNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmGXus4=</latexit><latexit sha1_base64="WCGFt5xAJENcfdr0MaUx6Yu1KHE=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgShNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmGXus4=</latexit><latexit sha1_base64="WCGFt5xAJENcfdr0MaUx6Yu1KHE=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgShNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmGXus4=</latexit>

e
<latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit>

⌫e
<latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit>

ē
<latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit>

⌫e
<latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit>

ē
<latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit>

⌫̄e
<latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit>

e
<latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit><latexit sha1_base64="/DJUB3eR2IgDB+5x9Hd7l5iHdUs=">AAACW3iclVDLSgMxFE2nPmqt2iqu3ASL4KozI4KupKALN0IF+4C2lEx624bmMSQZtQz9CLf6ZS78F9PHwoqCXggczoNzc6OYM2OD4D3jZdfWNzZzW/ntws7uXrG03zAq0RTqVHGlWxExwJmEumWWQyvWQETEoRmNr2d68xG0YUo+2EkMXUGGkg0YJdZRzbQTCQzTXrEcVoL54N9BGS2n1itlrjp9RRMB0lJOjGmHQWy7KdGWUQ7TfCcxEBM6JkNoOyiJANNN5/tO8Ylj+nigtHvS4jn7NZESYcxERM4piB2Z79qM/ElrJ3Zw2U2ZjBMLki6KBgnHVuHZ53GfaaCWTxwgVDO3K6Yjogm17kQrLX7dOMonsq/hiSs59G+0iiP17N8xQ30xWRrN9H8xVyRcJv+3izfOKmFQCe/Py9Xq8vY5dISO0SkK0QWqoltUQ3VE0Ri9oFf0lvnwsl7eKyysXmaZOUAr4x1+Arb4tlo=</latexit>

⌫̄e
<latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit>

⌫e
<latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit>

ē
<latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit>

⌫e
<latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit><latexit sha1_base64="tbECDn9LwiNUDlfQS8Y+Xq5t2Xo=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG7LpDsFkGXdYjmsBNPBv4Mymk2tW8pdtHuKJgKkpZwY0wqD2HZSoi2jHLJCOzEQEzoiA2g5KIkA00mnv2f4yDE93FfarbR4yn5NpEQYMxaRcwpih+a7NiF/0lqJ7Z93UibjxIKkn4f6CcdW4UkRuMc0UMvHDhCqmfsV0yHRhFpX19wVv24c5RPZ0/DIlRz4V1rFkXryb5ihvhjPjCb7X8wdEi5T+FvjjZNKGFTC29NytTrrPo/20SE6RiE6Q1V0jWqojih6RM/oBb3m3r0tb9fb+7R6uVlmB82Nd/ABZfe60A==</latexit>

ē
<latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit><latexit sha1_base64="bZp5BybmqLmT1PVpDtyXTK7zM6c=">AAACZ3iclVBbSwJBFB63m9lNCyLoZUqCntzdCOophHroJTBIE1Rkdjzq4FyWmdlKlv0pvdZv6if0LxrNh4yCOnDg47twDl8Uc2ZsELzlvIXFpeWV/GphbX1jc6tY2m4YlWgKdaq40s2IGOBMQt0yy6EZayAi4nAfjS4n+v0DaMOUvLPjGDqCDCTrM0qso7rFUtqOBG5HRE8BZFm3WA4rwXTw76CMZlPrlnIX7Z6iiQBpKSfGtMIgtp2UaMsoh6zQTgzEhI7IAFoOSiLAdNLp7xk+ckwP95V2Ky2esl8TKRHGjEXknILYofmuTciftFZi++edlMk4sSDp56F+wrFVeFIE7jEN1PKxA4Rq5n7FdEg0odbVNXfFrxtH+UT2NDxyJQf+lVZxpJ78G2aoL8Yzo8n+F3OHhMsU/tZ446QSBpXw9rRcrc66z6N9dIiOUYjOUBVdoxqqI4oe0TN6Qa+5d2/L2/X2Pq1ebpbZQXPjHXwATCa6ww==</latexit>

⌫̄e
<latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit><latexit sha1_base64="6oLnfjxd9Ac/qWTCU0ovf9zw6wQ="></latexit>

⌫̄µ
<latexit sha1_base64="ZiSntjOltw8v0qTebyfIxBv84sE="></latexit><latexit sha1_base64="ZiSntjOltw8v0qTebyfIxBv84sE="></latexit><latexit sha1_base64="ZiSntjOltw8v0qTebyfIxBv84sE="></latexit><latexit sha1_base64="ZiSntjOltw8v0qTebyfIxBv84sE="></latexit>⌫̄⌧

<latexit sha1_base64="2yk6ohRTLC/NZ+fe94VN0fC5NA8="></latexit><latexit sha1_base64="2yk6ohRTLC/NZ+fe94VN0fC5NA8="></latexit><latexit sha1_base64="2yk6ohRTLC/NZ+fe94VN0fC5NA8="></latexit><latexit sha1_base64="2yk6ohRTLC/NZ+fe94VN0fC5NA8="></latexit>

c̄
<latexit sha1_base64="nMmgdKuZrG2BTKTk4IL5/PstPhM=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZymvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AUhAusE=</latexit><latexit sha1_base64="nMmgdKuZrG2BTKTk4IL5/PstPhM=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZymvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AUhAusE=</latexit><latexit sha1_base64="nMmgdKuZrG2BTKTk4IL5/PstPhM=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZymvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AUhAusE=</latexit><latexit sha1_base64="nMmgdKuZrG2BTKTk4IL5/PstPhM=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZymvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AUhAusE=</latexit>

s̄
<latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit>

s̄
<latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit><latexit sha1_base64="zz52YEUF3bzB5VVyAS3z/a+RiiY=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZ2mvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWdwutE=</latexit>

t̄
<latexit sha1_base64="D+Ofj8ZXY2iP1SvZBuUwGK6Vzp4=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZOmvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWljutI=</latexit><latexit sha1_base64="D+Ofj8ZXY2iP1SvZBuUwGK6Vzp4=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZOmvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWljutI=</latexit><latexit sha1_base64="D+Ofj8ZXY2iP1SvZBuUwGK6Vzp4=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZOmvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWljutI=</latexit><latexit sha1_base64="D+Ofj8ZXY2iP1SvZBuUwGK6Vzp4=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVAZOmvWI5qPjZwN9BGSym1is5152+xDEnwmCGtG4HfmS6CVKGYkbSfCfWJEJ4jIakbaFAnOhukv2ewlPL9OFAKrvCwIz9mkgQ13rKQ+vkyIz0d21G/qS1YzO46iZURLEhAs8PDWIGjYSzImCfKoINm1qAsKL2V4hHSCFsbF1LV7y6tpSHRF+RCZNi6N0qGYXy2bunGnt8ujDq9H8xe4jbTP5vjTfOK4FfCR4uytXqovscOAIn4AwE4BJUwR2ogTrAYAJewCt4cz7cgnvgHs6trrPI7IOlcY8/AWljutI=</latexit>

b̄
<latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit>

b̄
<latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit><latexit sha1_base64="+39d6lhzszn8mro3NEjrhz6y270=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKUmatqF5DEnGWob5FLf6TX6Cf2H6WFhR0AsXDufBvRwccWZsELxnvJXVtfWN7GZua3tnN18o7tWNijWhNaK40k2MDOVM0pplltNmpCkSmNMGHt1M9cYT1YYp+WgnEe0INJCszwiyjuoWikkbC9jGSM8ATtNuoRSWg9nA30EJLKbaLWau2z1FYkGlJRwZ0wqDyHYSpC0jnKa5dmxohMgIDWjLQYkENZ1k9nsKTx3Tg32l3UoLZ+zXRIKEMROBnVMgOzTftSn5k9aKbf+qkzAZxZZKMj/Ujzm0Ck6LgD2mKbF84gAimrlfIRkijYh1dS1d8WvGUT6SPU3HXMmBf6tVhNWzf88M8cVkYTTp/2LukHCZ3N8ar5+Xw6AcPlyUKpVF91lwBE7AGQjBJaiAO1AFNUDAGLyAV/CW+fDy3oF3OLd6mUVmHyyNd/wJRk26wA==</latexit>

electroweak	
instanton	 ū

<latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit>

ū
<latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit><latexit sha1_base64="fWeSbrLQ7zRicFastvapA9roySo=">AAACZ3iclVDLSgMxFM2Mr1ofbRVEcBMtgqvOjAi6koIu3AgV7APaUjJp2obmMSQZaxnmU9zqN/kJ/oXptAsrCnrhwuE8uJcTRoxq4/vvjruyura+kdvMb23v7BaKpb2GlrHCpI4lk6oVIk0YFaRuqGGkFSmCeMhIMxzfzPTmE1GaSvFophHpcjQUdEAxMpbqFUtJJ+SwEyKVgThNe8VyUPGzgb+DMlhMrVdyrjt9iWNOhMEMad0O/Mh0E6QMxYyk+U6sSYTwGA1J20KBONHdJPs9haeW6cOBVHaFgRn7NZEgrvWUh9bJkRnp79qM/Elrx2Zw1U2oiGJDBJ4fGsQMGglnRcA+VQQbNrUAYUXtrxCPkELY2LqWrnh1bSkPib4iEybF0LtVMgrls3dPNfb4dGHU6f9i9hC3mfzfGm+cVwK/EjxclKvVRfc5cAROwBkIwCWogjtQA3WAwQS8gFfw5ny4BffAPZxbXWeR2QdL4x5/AmtWutM=</latexit>

d̄
<latexit sha1_base64="e5BgL39G0peeqkREXfztvON4GBs=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKZlM2obmMSQZ6zDMp7jVb/IT/AvTx8KKgl64cDgP7uUEEaPaeN57zllZXVvfyG8WtrZ3doul8l5Ty1hh0sCSSdUOkCaMCtIw1DDSjhRBPGCkFYxvpnrriShNpXg0SUR6HA0FHVCMjKX6pXLaDTjsBkjNQJhl/VLFr3qzgb+DClhMvV/OXXdDiWNOhMEMad3xvcj0UqQMxYxkhW6sSYTwGA1Jx0KBONG9dPZ7Bk8tE8KBVHaFgTP2ayJFXOuEB9bJkRnp79qU/EnrxGZw1UupiGJDBJ4fGsQMGgmnRcCQKoINSyxAWFH7K8QjpBA2tq6lK25DW8pFIlRkwqQYurdKRoF8du+pxi5PFkad/S9mD3GbKfyt8eZ51feq/sNFpVZbdJ8HR+AEnAEfXIIauAN10AAYTMALeAVvuQ+n6Bw4h3Ork1tk9sHSOMefSjO6wg==</latexit><latexit sha1_base64="e5BgL39G0peeqkREXfztvON4GBs=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKZlM2obmMSQZ6zDMp7jVb/IT/AvTx8KKgl64cDgP7uUEEaPaeN57zllZXVvfyG8WtrZ3doul8l5Ty1hh0sCSSdUOkCaMCtIw1DDSjhRBPGCkFYxvpnrriShNpXg0SUR6HA0FHVCMjKX6pXLaDTjsBkjNQJhl/VLFr3qzgb+DClhMvV/OXXdDiWNOhMEMad3xvcj0UqQMxYxkhW6sSYTwGA1Jx0KBONG9dPZ7Bk8tE8KBVHaFgTP2ayJFXOuEB9bJkRnp79qU/EnrxGZw1UupiGJDBJ4fGsQMGgmnRcCQKoINSyxAWFH7K8QjpBA2tq6lK25DW8pFIlRkwqQYurdKRoF8du+pxi5PFkad/S9mD3GbKfyt8eZ51feq/sNFpVZbdJ8HR+AEnAEfXIIauAN10AAYTMALeAVvuQ+n6Bw4h3Ork1tk9sHSOMefSjO6wg==</latexit><latexit sha1_base64="e5BgL39G0peeqkREXfztvON4GBs=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKZlM2obmMSQZ6zDMp7jVb/IT/AvTx8KKgl64cDgP7uUEEaPaeN57zllZXVvfyG8WtrZ3doul8l5Ty1hh0sCSSdUOkCaMCtIw1DDSjhRBPGCkFYxvpnrriShNpXg0SUR6HA0FHVCMjKX6pXLaDTjsBkjNQJhl/VLFr3qzgb+DClhMvV/OXXdDiWNOhMEMad3xvcj0UqQMxYxkhW6sSYTwGA1Jx0KBONG9dPZ7Bk8tE8KBVHaFgTP2ayJFXOuEB9bJkRnp79qU/EnrxGZw1UupiGJDBJ4fGsQMGgmnRcCQKoINSyxAWFH7K8QjpBA2tq6lK25DW8pFIlRkwqQYurdKRoF8du+pxi5PFkad/S9mD3GbKfyt8eZ51feq/sNFpVZbdJ8HR+AEnAEfXIIauAN10AAYTMALeAVvuQ+n6Bw4h3Ork1tk9sHSOMefSjO6wg==</latexit><latexit sha1_base64="e5BgL39G0peeqkREXfztvON4GBs=">AAACZ3iclVDLSgMxFE3HV62PtgoiuIkWwVVnRgRdSUEXboQK9gFtKZlM2obmMSQZ6zDMp7jVb/IT/AvTx8KKgl64cDgP7uUEEaPaeN57zllZXVvfyG8WtrZ3doul8l5Ty1hh0sCSSdUOkCaMCtIw1DDSjhRBPGCkFYxvpnrriShNpXg0SUR6HA0FHVCMjKX6pXLaDTjsBkjNQJhl/VLFr3qzgb+DClhMvV/OXXdDiWNOhMEMad3xvcj0UqQMxYxkhW6sSYTwGA1Jx0KBONG9dPZ7Bk8tE8KBVHaFgTP2ayJFXOuEB9bJkRnp79qU/EnrxGZw1UupiGJDBJ4fGsQMGgmnRcCQKoINSyxAWFH7K8QjpBA2tq6lK25DW8pFIlRkwqQYurdKRoF8du+pxi5PFkad/S9mD3GbKfyt8eZ51feq/sNFpVZbdJ8HR+AEnAEfXIIauAN10AAYTMALeAVvuQ+n6Bw4h3Ork1tk9sHSOMefSjO6wg==</latexit>

W+
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The chiral EW interactions lead to anomalies in B and L 
  

 
 
 
 
 
At high temperature large thermal fluctuations of Wµ

a (aka electroweak 
sphaleron) mediate unsuppressed baryon-number violation 

Standard Model baryon-number violation!

@µj
µ
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µ
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✓
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electroweak	
sphaleron	

�B = �L = ±3
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�B ⇠ ↵5
WT
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at T > 100 GeV
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take away message:
SM B-number violation plays an important 

role in many models of baryogenesis	

[Klinkhamer	&	Manton	(1984);				Kuzmin,	Rubakov,	&	Shaposhnikov	(1985)]	

hWfW i = thermal
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outline	

(1)  review: intro to baryogenesis!
!

!
!
!
(2)  overview: models of baryogenesis!
	

•  What’s the cosmological evidence for B-violation? 
•  How does B-violation lead to baryogenesis? 
•  What’s the role of SM B-violation? 

1.  high-scale leptogenesis (FY) 
2.  low-scale leptogenesis (ARS) 
3.  CPV meson oscillations 
(+ Carlos will talk about electroweak baryogenesis) 



1.  High-Scale Leptogenesis (FY) 



High-Scale (FY) Leptogenesis!

The Model 
 SM + heavy Majorana neutrinos Ni	

[Fukugita	&	Yanagida	(1986)]	

�L = �1

2
mij

NNiNj � �ij
NLiHNj
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Baryogenesis 

High-Scale (FY) Leptogenesis!

The Model 
 SM + heavy Majorana neutrinos Ni	

[Fukugita	&	Yanagida	(1986)]	

�L = �1

2
mij

NNiNj � �ij
NLiHNj
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①  initially N’s are 
thermalized at 
temp. T > mN	

②  as plasma cools 
to T = mN, N’s go 
OOE and decay	

③  N decays violate L-
number & CP, creating 
a lepton asymmetry	

④  EW sphalerons 
convert L into 
B-number 

(1) violate individual lepton flavours Lα (via F ) as well as total lepton number L (via MM )42.
When one or more of the NI are out of equilibrium, they can generate lepton asymmetries via
various processes, including decays and inverse decays, scatterings and flavour oscillations (the
probability to decay/scatter/oscillate into leptons and antileptons is different at second order in
F due to quantum interferences between CP-violating processes). Sphalerons violate B and L
individually, but conserve B−L. At T > TEW they transform part of the lepton asymmetry into
a baryon asymmetry; if all interactions are in equilibrium it is given by B ∼ 28

79(B−L) [289, 290].
B is protected from washout after sphaleron freezeout around T ∼ TEW . Since sphalerons only
couple to left chiral fields, they in fact only see the leptonic charge LL stored in these fields, which
may differ from the total lepton asymmetry L. Thus, the BAU we observe is determined by LL

at T ∼ TEW ∼ 140 GeV. The nonequilibrium condition can be fulfilled three times for each NI :
during their production, their freezeout, and their decay.

5.1 Leptogenesis from NI freezeout and decay

Φ

lα

NI NJNINI

Φ

lαlαΦ

Φ
lβ

Φ

lβ

NJ

Figure 9: A dominant contribution to the CP-violation in the simplest version of “vanilla leptogenesis”
comes from the quantum interference between the tree level diagram and radiative corrections to the
decay NI → Φlα. Due to the CP-violation contained in the complex phases in F , the amplitudes
for these processes with lα in the final state differ from those with l̄α. At tree level this difference
amounts to an overall phase, which does not affect the physical absolute square of the amplitude, but
in the interference terms between tree level and loop diagrams it makes a physical difference. The
rightmost diagram gets resonantly enhanced for MI ∼ MJ because then the NJ propagator is nearly
onshell. In more general scenarios, also scattering processes (such as Φlα → Φlβ with intermediate
NI) have to be considered.

It is common to split the lepton number violating processes into “source” and “washout”.
The source consists of all contributions that violate active lepton numbers in the absence of
an existing asymmetry (e.g. NI -decays); these can generate asymmetries in the presence of a
deviation from thermal equilibrium. The “washout” consists of all other processes, which tend
to eliminate existing asymmetries (e.g. inverse NI -decays). In addition, there are “spectator
processes” [291, 292] that do not violate L themselves, but redistribute charges amongst different
fields and thereby affect the time evolution of L. If the NI have masses as suggested by GUT
models, they are produced thermally, freeze out and decay at temperatures T ≫ TEW . Since
L-violating processes are strongly suppressed at T < MI , B − L ̸= 0 is preserved from washout.
This is the most studied version of leptogenesis, and there exist several detailed reviews, see e.g.
[293] or, more recently, [294, 295]. This setup is very appealing because it can easily be integrated
into a GUT-framework, provides a “natural” explanation for the smallness of the neutrino masses
mi via the seesaw mechanism and allows to probe at least some parameters of very high energy

42If F andMM have some particular structure, a combination of them may be exactly or approximately conserved,
in which case a different generalization of the term “lepton number” to the RH neutrinos may be convenient, see
e.g. [81, 288].

27

N $ LH
N $ L̄H̄
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High-Scale (FY) Leptogenesis!

Phenomenology 
 

 Energy Frontier:   
 
 
 
 
 
 
 
 
 
 

 Intensity Frontier:  

[Frere,	Hambye,	&	Vertongen	(2008)]	

[AL,	Lunardini,	Sabancilar	(2014)]	

[Moffat,	Pascoli,	Petcov,	&	Turner	(2018)]	

[Schechter	&	Valle	(1982)]	

JHEP01(2009)051

Figure 7: For various values of mWR
(in GeV), the inner part of each curve gives the values of

m̃ and mN which can lead to successful leptogenesis (i.e. YB = 9 · 10−11). Left (right) pannel is
obtained for εN = 1 ((3/16π)mN

√
∆m2

atm/v2). The dependance in mWR
of the lower bound on

mN is totally negligible, except for mWR
< 106 (left panel) and mWR

< 2 · 1011 (right panel).

which holds even for the case where WR effects are negligible. This gives an absolute lower

bound on mN which is another tantalizing target for excluding leptogenesis.

For completeness we also give in figure 7b the results we obtain taking the lower

bound εN < (3/16π)mN

√
∆m2

atm/v2 [3] which holds for a hierarchical spectrum of right-

handed neutrinos. We obtain the absolute bound mWR
> 1011 GeV which requires mN =

2.6 · 109 GeV and m̃ = 5 · 10−5 eV. We also get

mWR
> 1.1 · 1011, 1.3 · 1011, 1.1 · 1012 GeV for m̃ = 10−5,−3,−1 eV . (3.3)

The flavour dependance of the results of this section is relatively moderate. For the

extreme case above where all WR have been omitted in the YL Boltzmann equation, instead

of equation eq. (3.1), we get mWR
> 39, 13, 8.8 TeV, while the absolute lower bound on

mWR
becomes 8.7 TeV which we obtained for m̃ = 101 eV. The bounds of eq. (3.3) in this

case are relaxed by less than 10 percent, while the lower bounds on mN , as well as the

upper bounds on m̃, are negligibly affected in figures 7a and 7b. As for the upper bounds

on mN in these figures, they are relaxed by up to one order of magnitude. The results of

figure 7b agree with the one of [11] for what can be compared, modulo these flavour effects,

since the WR effects are neglected in the YL Boltzmann equation in this reference.

Note that we do not expect that the results of figure 7 could be largely affected by the

(neglected) scatterings of figure 1b-c, because all bounds in these figures are obtained with

mN ! mWR
(except in corners of parameters space for large mWR

and large m̃ where it is

not excluded that these scatterings could reduce the bounds on mN by up to a few times).

– 13 –

varying
m

W
R
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lightest ⌫ mass: log10 m̃1/eV
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•  N’s cannot be accessed at colliders 
  

•  But if we see evidence of L-number violation  
 at the TeV-scale, this could be used to “falsify”  
 high-scale leptogenesis [caveat: flavor].   

•  low-energy probes of CP-violation (δCP),  
 have model-dependent connections  
 with leptogenesis at high energies 

•  light ν’s are Majorana:   0νββ possible 
       relic ν capture on 3H 



Neutrino-Capture	
Beta	Decay	(NCB)	
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Dirac Neutrinos

Majorana Neutrinos

nC⌫B ' 336 cm�3 = 3 families ⇥
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detectable 

�Dir.
c⌫b ' 4 yr�1

�Maj.
c⌫b ' 8 yr�1

[AL,	Lunardini,	Sabancilar	(2014)]	

rates	for	100g	tritum	target	

[Weinberg	(1962)]	
[Irvine	&	Humphreys	(1963)]	
[Holschuh	(2992)]	
[PTOLEMY]	



Dirac Neutrinos

Majorana Neutrinos
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Summary 

High-Scale (FY) Leptogenesis!

The Model 
 SM + heavy Majorana neutrinos Ni	

�L = �1

2
mij

NNiNj � �ij
NLiHNj
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 mN1 ⇠ 1010 GeV
mN2,3 � mN1

�N ⇠ 0.01
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embed N into a GUT 
light ν masses (seesaw) 
light ν‘s are Majorana 

favors high-scale inflation 
“minimal” / “simple” 

PRO CON
hard to reheat so high 
high-scale new physics 

hard to test 
 



2.  Low-Scale Leptogenesis (ARS) 



Low-Scale (ARS) Leptogenesis!

The Model 
 SM + 2 (or 3) GeV-scale Majorana neutrinos Ni	

[Akhmedov,	Rubakov,	&	Smirnov	(1998)]	
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review:		(Drewes	et.	al.	[1711.02862])	

 mN1 ⇠ 1 GeV
�m12/mN1 ⇠ 10�3

�N ⇠ 10�7
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Baryogenesis 

Low-Scale (ARS) Leptogenesis!

The Model 
 SM + 2 (or 3) GeV-scale Majorana neutrinos Ni	

[Akhmedov,	Rubakov,	&	Smirnov	(1998)]	

�L = �1

2
mij

NNiNj � �ij
NLiHNj
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①  N1 & N2 
freeze in from 
the SM plasma	

②  CPV oscillations  
create equal & opposite  
asymmetries in N1 and N2 

③  N2 comes into  
thermal equilibrium; 
transfers its asymmetry  
to L- and B-number 

④  EW sphalerons  
go out of equilibrium 
before N1 thermalizes 

review:		(Drewes	et.	al.	[1711.02862])	

Standard Model  
thermal plasma 

L
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Low-Scale (ARS) Leptogenesis!

Phenomenology 
 

 Intensity Frontier:   
  Light ν’s are Majorana:  0νββ, etc 

 
 Energy Frontier:   
  Long-lived particle searches @ collider or beam dump …  

[Drewes,	Garbrecht,	Gueter,	&	Klaric	(2017)]	
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BAU (lower bound)

disfavoured by global constraints

Figure 4: Limits on the total U2 as a function of M̄ = (M
1

+M
2

)/2 for normal hierarchy (top
panel) and inverted hierarchy (bottom panel). The grey area corresponds to the parameter
region that is disfavoured by the combined constraints discussed in subsection 2.3. The dark
blue lines are the upper and lower bound of U2

e consistent with neutrino oscillation data and
the requirement to account for the observed BAU. These are compared to the sensitivity of
future experiments: The SHiP lines (purple) show the 90% c.l. upper limits assuming 0.1
background events in 2 ⇥ 1020 proton target collisions for a ratio of U2

e : U2

µ : U2

⌧ ⇠ 52 : 1 :
1 [156, 157]. The LBNE/DUNE sensitivity (light blue) is for the assumption of an exposure of
5⇥1021 protons on target for a detector length of 30m [158]. The solid FCC-ee(Z) lines (olive
green) correspond to the expected reach of FCC-ee for 1012 Z bosons with a displaced vertex
at 10�100 cm [159]. The expected sensitivities at 2� for heavy neutrino searches via displaced
vertices are presented for the FCC-ee(Z) (olive green, dashed), the CEPC (brown) and for
the ILC (dark orange), each at the Z pole run for a centre of mass energy m

cms

= mZ [160].
It is important to point out that the ILC can potentially do much better at higher centre of
mass energies [160].

washout stronger such that the experimentally measured BAU can just be fulfilled when

requiring a strongly flavour asymmetric washout. The coloured regions inside figures 8-

10 illustrate how the allowed region becomes smaller when increasing U2. Furthermore,

it is clearly visible that the maximally achievable U2 requires a maximally asymmetric

washout. For normal hierarchy, cf. figure 8, this happens when the electron couples

minimally, U2
e /U

2 = 0.0056, what corresponds to ↵2 = �2� + ⇡. In case of inverted

hierarchy, cf. figures 9 and 10, maximal mixing is achieved when the electron couples

– 20 –

M̄ = (M1 +M2)/2 [GeV]
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à  rare	decay	to	N	
à N	decays	to	visible	

E.g.,		
N	è	νe+e-

N	è	νπ0		
N	è	e-π+		
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Low-Scale (ARS) Leptogenesis!

Phenomenology 
 

 Intensity Frontier:   
  Light ν’s are Majorana:  0νββ, etc 

 
 Energy Frontier:   
  Long-lived particle searches @ collider or beam dump …  

[Drewes,	Garbrecht,	Gueter,	&	Klaric	(2017)]	
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E.g.,		
beam	+	target	
à mesons	
à  rare	decay	to	N	
à N	decays	to	visible	

	(e.g,	νe+e-, νπ0	,	e-π+)

[many	thanks	to	Marco	Drewes	for	making	the	plot]	
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Low-Scale (ARS) Leptogenesis!

The Model 
 SM + 2 (or 3) GeV-scale Majorana neutrinos Ni	

Summary 

very testable 
light ν masses (seesaw) 
light ν‘s are Majorana 

predicts 0νββ
new physics is GeV-scale 

allows keV-sterile DM 

PRO CON
lose GUT motivation for N  

hard to measure Δm (2HNL) 

�L = �1

2
mij

NNiNj � �ij
NLiHNj
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�N ⇠ 10�7
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3.  CP-Violating Meson Oscillations 



CP-violating meson oscillations!

The Model 
 SM + TeV-scale inflaton/moduli + GeV-scale B-number-charged dark sector	

[Elor,	Escudero,	&	Nelson	(2018)],		[Nelson	&	Xiao	(2019)]	&	[Alonso-Alvarez,	Elor,	Nelson,	&	Xiao	(2019)]	
see	also:		[McKeen	&	Nelson	(2015)]	

see	also:		[Ghalsasi,	McKeen,	&	Nelson	(2015)]		
see	also:		[Aitken,	McKeen,	Nelson,	&	Neder	(2017)]	
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4

Field Spin QEM Baryon no. Z2 Mass

� 0 0 0 +1 11 � 100 GeV

Y 0 �1/3 �2/3 +1 O(TeV)

 1/2 0 �1 +1 O(GeV)

⇠ 1/2 0 0 �1 O(GeV)

� 0 0 �1 �1 O(GeV)

TABLE I. Summary of the additional fields (both in the UV
and e↵ective theory), their charges and properties required in
our model.

The renormalizable couplings between  and Y allowed
by the symmetries include2:

L � � yub Y ⇤ ū bc � y s Y  ̄ sc + h.c . (2)

We take the mass of the colored scalar to be mY ⇠
O(TeV) and integrate out the field Y for energies less
than its mass, resulting in the following four fermion op-
erator in the e↵ective theory:

Heff =
yuby s

m2
Y

u s b . (3)

Other flavor structures may also be present but for sim-
plicity we consider only the e↵ects of the above couplings
(see Appendix 4 for other possible operators). Assuming
 is su�ciently light, the operator of Equation (3) allows
the b̄-quark within Bq = |b̄ qi to decay; b̄ !  u s, or
equivalently Bq !  +Baryon+X, where X parametrizes
mesons or other additional SM particles. Critically, note
that O = u s b in Equation (3) is a �B = 1 operator,
so that the operator in Equation (3) is baryon number
conserving since  carries a baryon number �1.

In this way our model allows for the symmetric out of
thermal equilibrium production of B mesons and anti-
mesons in the early Universe, which subsequently un-
dergo CP violating oscillations i.e. the rate for B0 ! B̄0

will di↵er from that of B̄0 ! B0. After oscillating the
mesons and anti-mesons decay via Equation (3) gener-
ating an asymmetry in visible baryon/anti-baryon and
dark  / ̄ particles (the decays themselves do not intro-
duce additional sources of CPV), so that the total baryon
asymmetry of the Universe is zero.

2
We have suppressed fermion indices for simplicity as there is a

unique Lorentz and gauge invariant way to contract fields. In

particular, the sc
and bc

are SU(2) singlet right handed Weyl

fields. Under SU(3)c, the first term of Equation (2) is the fully

anti-symmetric combination of three

¯3 fields, which is gauge in-

variant. While the second term is a

¯3 ⇥ 3 = 1 singlet.

⇠

b̄

d
B0

d

u

d

s

⇤

 

Y

�

FIG. 2. An example diagram of the B meson decay process
as mediated by the heavy colored scalar Y that results in DM
and a visible baryon, through the interactions of Equation (2)
and Equation (4).

Since, no net baryon number is produced, this asym-
metry could be erased if the  particles decay back into
visible anti-baryons. Such decays may proceed via a
combination of the coupling in Equation (3) and weak
loop interactions, and are kinematically allowed since
m > 1.2 GeV to ensure the stability of neutron stars
[31]. To preserve the produced visible/dark baryon asym-
metry, the  particles should mainly decay into stable
DM particles. This is easily achieved by minimally in-
troducing a dark scalar baryon � with baryon number
�1, and a dark Majorana fermion ⇠. We further assume
a discrete Z2 symmetry under which the dark particles
transform as  !  , � ! �� and ⇠ ! �⇠. Then the
 decay can be mediated by a renormalizable Yukawa
operator:

L � �yd  ̄ � ⇠ , (4)

which is allowed by the symmetries of our model. And in
particular, the Z2 (in combination with kinematic con-
straints), will make the two dark particles, ⇠ and �, stable
DM candidates.

In this way an equal and opposite baryon asymmetry to
the visible sector is transferred to the dark sector, while
simultaneously generating an abundance of stable DM
particles. The fact that our mechanism proceeds through
an operator that conserves baryon number alleviates the
majority of current bounds that would otherwise be very
constraining (and would require less than elegant model
building tricks to evade). Furthermore, the decay of a B-
meson (both neutral and charged) into baryons, mesons
and missing energy would yield a distinctive signal of our
mechanism at B-factories and hadron colliders. An ex-
ample of a B meson decay process allowed by our model
is illustrated in Figure 2.

Note that, as in neutrino systems, neutral B meson
oscillations will only occur in a coherent system. Addi-
tional interactions with the mesons can act to “measure”



Baryogenesis 

CP-violating meson oscillations!

The Model 
 SM + TeV-scale inflaton/moduli + GeV-scale B-number-charged dark sector	

[Elor,	Escudero,	&	Nelson	(2018)],		[Nelson	&	Xiao	(2019)]	&	[Alonso-Alvarez,	Elor,	Nelson,	&	Xiao	(2019)]	

①  inflaton or moduli field 
decays to q & qbar à B mesons	

②  CPV oscillations  
create equal & opposite  
asymmetries in B0 and B0bar 

③  B’s decay to  
SM & dark sector 

④  asymmetry stored 
in dark sector particles (φ) 

Standard Model  
thermal plasma 

time increases to the right

B0
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CP-violating meson oscillations!

Phenomenology 

[Elor,	Escudero,	&	Nelson	(2018)],		[Nelson	&	Xiao	(2019)]	&	[Alonso-Alvarez,	Elor,	Nelson,	&	Xiao	(2019)]	

Energy Frontier:   
•  LHC search for colored scalar mediator (Y) 

•  exotic B-meson decay  [LHCb, Belle-II] 
B0 & B+- à baryon + mesons + missing energy 
 (the same goes for for b-flavored baryons, e.g. Λ0 -> K+ + π- + MET) 

 
•  use B-meson oscillations to search for CP-violation  [LHCb, Belle-II]	

ad,SM
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=
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�
⇥ 10�5
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=
�
�210± 170

�
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sl
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semileptonic charge asymmetry    (e.g., B0 -> D- µ+ νµ X)	
4

Field Spin QEM Baryon no. Z2 Mass

� 0 0 0 +1 11 � 100 GeV

Y 0 �1/3 �2/3 +1 O(TeV)

 1/2 0 �1 +1 O(GeV)

⇠ 1/2 0 0 �1 O(GeV)

� 0 0 �1 �1 O(GeV)

TABLE I. Summary of the additional fields (both in the UV
and e↵ective theory), their charges and properties required in
our model.

The renormalizable couplings between  and Y allowed
by the symmetries include2:

L � � yub Y ⇤ ū bc � y s Y  ̄ sc + h.c . (2)

We take the mass of the colored scalar to be mY ⇠
O(TeV) and integrate out the field Y for energies less
than its mass, resulting in the following four fermion op-
erator in the e↵ective theory:

Heff =
yuby s

m2
Y

u s b . (3)

Other flavor structures may also be present but for sim-
plicity we consider only the e↵ects of the above couplings
(see Appendix 4 for other possible operators). Assuming
 is su�ciently light, the operator of Equation (3) allows
the b̄-quark within Bq = |b̄ qi to decay; b̄ !  u s, or
equivalently Bq !  +Baryon+X, where X parametrizes
mesons or other additional SM particles. Critically, note
that O = u s b in Equation (3) is a �B = 1 operator,
so that the operator in Equation (3) is baryon number
conserving since  carries a baryon number �1.

In this way our model allows for the symmetric out of
thermal equilibrium production of B mesons and anti-
mesons in the early Universe, which subsequently un-
dergo CP violating oscillations i.e. the rate for B0 ! B̄0

will di↵er from that of B̄0 ! B0. After oscillating the
mesons and anti-mesons decay via Equation (3) gener-
ating an asymmetry in visible baryon/anti-baryon and
dark  / ̄ particles (the decays themselves do not intro-
duce additional sources of CPV), so that the total baryon
asymmetry of the Universe is zero.

2
We have suppressed fermion indices for simplicity as there is a

unique Lorentz and gauge invariant way to contract fields. In

particular, the sc
and bc

are SU(2) singlet right handed Weyl

fields. Under SU(3)c, the first term of Equation (2) is the fully

anti-symmetric combination of three

¯3 fields, which is gauge in-

variant. While the second term is a

¯3 ⇥ 3 = 1 singlet.
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FIG. 2. An example diagram of the B meson decay process
as mediated by the heavy colored scalar Y that results in DM
and a visible baryon, through the interactions of Equation (2)
and Equation (4).

Since, no net baryon number is produced, this asym-
metry could be erased if the  particles decay back into
visible anti-baryons. Such decays may proceed via a
combination of the coupling in Equation (3) and weak
loop interactions, and are kinematically allowed since
m > 1.2 GeV to ensure the stability of neutron stars
[31]. To preserve the produced visible/dark baryon asym-
metry, the  particles should mainly decay into stable
DM particles. This is easily achieved by minimally in-
troducing a dark scalar baryon � with baryon number
�1, and a dark Majorana fermion ⇠. We further assume
a discrete Z2 symmetry under which the dark particles
transform as  !  , � ! �� and ⇠ ! �⇠. Then the
 decay can be mediated by a renormalizable Yukawa
operator:

L � �yd  ̄ � ⇠ , (4)

which is allowed by the symmetries of our model. And in
particular, the Z2 (in combination with kinematic con-
straints), will make the two dark particles, ⇠ and �, stable
DM candidates.

In this way an equal and opposite baryon asymmetry to
the visible sector is transferred to the dark sector, while
simultaneously generating an abundance of stable DM
particles. The fact that our mechanism proceeds through
an operator that conserves baryon number alleviates the
majority of current bounds that would otherwise be very
constraining (and would require less than elegant model
building tricks to evade). Furthermore, the decay of a B-
meson (both neutral and charged) into baryons, mesons
and missing energy would yield a distinctive signal of our
mechanism at B-factories and hadron colliders. An ex-
ample of a B meson decay process allowed by our model
is illustrated in Figure 2.

Note that, as in neutrino systems, neutral B meson
oscillations will only occur in a coherent system. Addi-
tional interactions with the mesons can act to “measure”

(inflaton / moduli field) 

QCD à YY à 4-jet (ubub) or 2-jet (sψsψ) + MET;   allows mY >~ TeV	



CP-violating meson oscillations!

Phenomenology 

[Elor,	Escudero,	&	Nelson	(2018)],		[Nelson	&	Xiao	(2019)]	&	[Alonso-Alvarez,	Elor,	Nelson,	&	Xiao	(2019)]	

Intensity Frontier:  
•  Proton decay (& invisible n decay) forbidden by kinematics. 
•  n-nbar oscillations forbidden by B-conservation. 
•  0νββ forbidden by L-conservation.	

Cosmic Frontier:  
•  inflation:   

 low-scale inflation presents a model building challenge 
 

•  dark matter direct detection:   
 DM-nucleon scattering via ψ & b-quark [suppressed]	



CP-violating meson oscillations!

Summary 

very testable 
CPV is testable (asl) 

probed by LHC, Belle-II, etc 
solves both DM & BAU 

PRO CON
“baroque” 

requires low-T reheating 
overproduce symmetric  DM 

The Model 
 SM + TeV-scale inflaton/moduli + GeV-scale B-number-charged dark sector	

[Elor,	Escudero,	&	Nelson	(2018)],		[Nelson	&	Xiao	(2019)]	&	[Alonso-Alvarez,	Elor,	Nelson,	&	Xiao	(2019)]	
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Summary 



Summary	

Cosmological baryon-number violation!
!

!
!
!
!
!
!

•  My motivation for studying BLV:  the Universe is made of 
baryons, and explaining this requires B-number violation. 

•  Compare / contrast with other cosmological relics: 

primordial photons: 

primordial neutrinos: 

primordial grav. waves: 

dark matter: 

baryon asymmetry: 

Step #1 
did we  

detect it? 

Step #2 
understand  
production? 

YES!

NO!

(recombination)
YES!
YES! YES!

YES!

(it’s the CMB)

(via the CMB)

(we are the B-asym)

(ν decoupling via weak int)

NO!

NO! NO!

NO!

The baryon asymmetry is 
the only cosmological relic 
that we’ve discovered, but 
still don’t understand how 
it was produced in the 
early universe.   
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Summary	

Models of baryogenesis	
•  in general:  building a compelling model is “easy” 

        … building a testable model is “hard” 
        … building a compelling & testable model is “very hard” 

 
When a good model comes along, it is worth exploring closely. 
 
①  High-Scale (FY) Leptogenesis 

probes of Majorana nu:  0νββ, 3H capture 
falsify high-scale LG with colliders 

②  Low-Scale (ARS) Leptogenesis 
brings HNL within reach of colliders;   
LLP search @ beam dump, LHC, future collider 

③  CPV B-meson Oscillations 
rare B-meson decay;  semileptonic charge asym; 
asymmetric DM 
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