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Effects	of	NSI	on	neutrinos
Neutral	current	Non-Standard	Interaction	(NSI):	propagation	of	neutrinos	in	matter

Charged	current	Non-Standard	Interaction	(NSI):	production	and	detection
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Effects	of	NSI	on	neutrinos
Neutral	current	Non-Standard	Interaction	(NSI):	propagation	of	neutrinos	in	matter

Focus	of	this	talk
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Non-standard	neutral	current	interaction

Neutrino	propagation:

Matter	fieldProjection
matrix
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Hamiltonian	of	neutrinos
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Matter	effects	in	presence	of	NSI
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Effects	of	NSI	in	long	baseline	
experiments
Renewed	interest	in	NSI

NSI	can fake	CP-violation and	lead	to	wrongdetermination	of											octant and	mass	ordering

Masud and	Mehta,	PRD	94(2016);	Forero and	Huber,	 PLB	117	(2016);	 Liao,	Marfatia and	Whistnant PRD	93	
(2016);	 JHEP	1701	(2017)	071;	Agarwalla,	Chatterjee	and	Palazzo,	PLB	762	(2016);	Verma and	Bhardwaj,	
1808.04263;	Flore,	Garces,	Miranda,	Phys	Rev	D98	(2018)35030;Wang	 and	Zhou,	 1801.05656;	Deepath,	
Goswami and	Nath,	1711.04840;	1612.00784;	Fukasawa,	Ghosh,	Yasuda,	PRD	95	(2017);Forero and	Huang,	
JHEP	1703	(2017);	Ge	and	Smirnov,	 JHEP	1610;	A.	de	Gouvea and	K	Kelly,	1605.09376;	Coloma,	Schwetz,	
PRD	94	(2016)
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Liao	Marfatia Whisnant,	PRD93	(2016)	
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Octant	discovery	potential	of	DUNE

Agarwalla,	Chatterjee	and	Palazzo,	PLB	762	(2016)

Accepted	within
Present	uncertainties
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Solving	solar	and	KamLAND tension

Maltoni and	Gonzalez-Garcia,	JHEP	2013
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Fit	to	solar	and	KamLAND data
Miranda,	Tortola	and	Valle,	JHEP	2006;	Escrihuela et	al.,	PRD	2009

Solar+KamLAND

Esteban,	Gonzalez-Garcia,	M.	Maltoni,	Martinez-Soler and	J	Salvado,
JHEP	1808	(2018)	180,	arXiv:1805.04530
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LMA-Dark	solution

LMA-Dark	solution	provides	even	a	better	fit.	(suppression		of	low	energy		upturn)

9/10/20 YASAMAN	FARZAN



Scattering	experiments

NuTeV and	CHARM	rule	out	a	large	part	(but	not	all)	of	parameter	space	of	LMA-Dark	solution.
Davidson,	Pena-Garay,	Rius,	SantaMaria,	JHEP	2003

COHERENT experiment	(a	CEνNS	setup)	also	rules	out	LMA-Dark	solution.

P.	Coloma,	M.C.	Gonzalez-Garcia,	M.	Maltoni and	T.	Schwetz,	PRD	94	(2017)	115007;
P.	Coloma,	P.	Denton,	M.C.	Gonzalez-Garcia,	M.	Maltoni and	T.	Schwetz,	JHEP1704	(2017)	116
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Scattering	experiments

NuTeV and	CHARM	rule	out	a	large	part	(but	not	all)	of	parameter	space	of	LMA-Dark	solution.
Davidson,	Pena-Garay,	Rius,	SantaMaria,	JHEP	2003

COHERENT experiment	(a	CEνNS	setup)	also	rules	out	LMA-Dark	solution.

P.	Coloma,	M.C.	Gonzalez-Garcia,	M.	Maltoni and	T.	Schwetz,	PRD	94	(2017)	115007;
P.	Coloma,	P.	Denton,	M.C.	Gonzalez-Garcia,	M.	Maltoni and	T.	Schwetz,	JHEP1704	(2017)	116

But	not	in	the	model	that	we	shall	present
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Underlying	theory	for	NSI

Charged	scalar	(a	la	Fierz transformation)

Integrating	out	a	heavy	intermediate		state

Neutral	U(1)	gauge	boson	 as	mediator

Forero and	Huang,	JHEP	1703	(2017);	Bischer,
Rodejohann and	Xu,	JHEP	1810	(2018)	096,
arXiv:1807.08102
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Underlying	theory	for	NSI

Charged	scalar	(a	la	Fierz transformation)

Integrating	out	a	heavy	intermediate		state

Neutral	U(1)	gauge	boson	 as	mediator

Forero and	Huang,	JHEP	1703	(2017);	Bischer,
Rodejohann and	Xu,	JHEP	1810	(2018)	096,
arXiv:1807.08102

Our	Focus
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Too	small	NSI
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Suggestion

What	if	

YF,	“A	model	 for	large	non-standard	 interactions	leading	 to	LMA-Dark	solution,”
Phys.	Lett.	B748	(2015)	311-315;	YF	and	J	Heeck,	“Neutrinophilic nonstandard	 interactions,”
PRD	94	(2016)	53010;	YF	and	I	Shoemaker,	 “lepton	flavor	violating	NSI	via	light	mediator,”
JHEP	1607	(2016)	33;
YF	and	M	Tortola,	 “neutrino	oscillations	and	non-standard	interactions,”		Frontiers	in	
Physics	6	(2018)	10;	Y.	Farzan,	“A	model	 for	lepton	 flavor	violating	non-standard	neutrino	 interactions,”	PLB	(2020
135349;	P.	Denton,	Y.F.	and	I	Shoemaker,	
“Activating	the	fourth	neutrino	 of	the	3+1	scheme,”	PRD	99	(2019)	035003
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mZ0 ⇠ 10 MeV
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Suggestion

What	if

Bounds	can	be	avoided	not because	the	mass	of	the	intermediate	state	is	high

But because	coupling	is	small!	
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Neutral	current	Non-Standard	
Interactions
NSI	

Y.F.	and	J.	Heeck,	PRD94	(2016);	Y.F.	and	Shoemaker,	 JHEP	1607	(2016);	YF,	PLB	748	(2015)
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Effect	 in	early	universe
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Huang,	Ohlsson,	Zhou,
PRD	97	(2018)	075009



Huang,	Ohlsson,	Zhou,	PRD	97	(2018)	075009
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Coupling	to	quarks
Non-chiral	couplings:	No	impact	on	total	measurement	at	SNO

Flavor	universal:	Going	to	mass	basis	

Y.F.	and	Heeck,	Phys.Rev.D 94 (2016) 5, 053010
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Bounds	on	Couplings	of	neutrinos
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P	Bakhti and	YF,	PRD	95	(2017)	095008
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P	Bakhti and	YF,	PRD	95	(2017)	095008

Artamonov et	al.,	
BNL-E949	collaboration,	
PRD	79	(2009)	092004
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Neutrino	scattering	experiments

Suppression	 factor
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Neutrino	scattering	experiments

Relaxing bounds	 	from	scattering	experiments,	NuTeV and	CHARM
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New	U(1)	gauge	symmetry
Direct	coupling	to	neutrinos

Gauge	symmetry:	

Coupling	to	neutrinos	through	mixing	with						:

Gauge	symmetry:			
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New	U(1)	gauge	symmetry
Direct	coupling	to	neutrinos

Gauge	symmetry:	

Coupling	to	neutrinos	through	mixing	with						:

Gauge	symmetry:			
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Charged	leptons	couple	to	Z’

Charged	leptons	do	not	couple



Coupling	to	neutrinos
Direct	coupling	to	neutrinos

Gauge	symmetry:	
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Harnik,	Kopp	and	Machado,	JCAP	1207	(2012)	026
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Anomaly	cancelation:

Reproducing	best	fit

Miranda,	Tortola,	Valle,	JHEP	10	(2006)	8
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Best	fit	reconciling	KamLAND and	solar	neutrino	 data



LFV	NSI	for	neutrinos	but	not	for	charged	
leptons

Mixing	with								:				 
<latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit>

⌫↵ + ↵ 

�↵⌫↵ +  
<latexit sha1_base64="xosL/dmpd63z1ln2zkKeow0EgBw=">AAACLXicbVDLSgMxFM34rOOr6tJNsAiCWGZE0GVRFy4r2Ad0huFOmrahmUxIMkIp/SE3/ooILiri1t8wfQh9eCBwcs49JPfEkjNtPG/orKyurW9s5rbc7Z3dvf38wWFVp5kitEJSnqp6DJpyJmjFMMNpXSoKScxpLe7ejfzaM1WapeLJ9CQNE2gL1mIEjJWi/H0gsigALjuAz4MuSAl/10Bqht2AKPdizphNTIaifMEremPgZeJPSQFNUY7y70EzJVlChSEctG74njRhH5RhhNOBG2SaSiBdaNOGpQISqsP+eNsBPrVKE7dSZY8weKzOJvqQaN1LYjuZgOnoRW8k/uc1MtO6CftMyMxQQSYPtTKOTYpH1eEmU5QY3rMEiGL2r5h0QAExtmDXluAvrrxMqpdF3yv6j1eF0u20jhw6RifoDPnoGpXQAyqjCiLoBb2hIfp0Xp0P58v5noyuONPMEZqD8/MLRIynfw==</latexit><latexit sha1_base64="xosL/dmpd63z1ln2zkKeow0EgBw=">AAACLXicbVDLSgMxFM34rOOr6tJNsAiCWGZE0GVRFy4r2Ad0huFOmrahmUxIMkIp/SE3/ooILiri1t8wfQh9eCBwcs49JPfEkjNtPG/orKyurW9s5rbc7Z3dvf38wWFVp5kitEJSnqp6DJpyJmjFMMNpXSoKScxpLe7ejfzaM1WapeLJ9CQNE2gL1mIEjJWi/H0gsigALjuAz4MuSAl/10Bqht2AKPdizphNTIaifMEremPgZeJPSQFNUY7y70EzJVlChSEctG74njRhH5RhhNOBG2SaSiBdaNOGpQISqsP+eNsBPrVKE7dSZY8weKzOJvqQaN1LYjuZgOnoRW8k/uc1MtO6CftMyMxQQSYPtTKOTYpH1eEmU5QY3rMEiGL2r5h0QAExtmDXluAvrrxMqpdF3yv6j1eF0u20jhw6RifoDPnoGpXQAyqjCiLoBb2hIfp0Xp0P58v5noyuONPMEZqD8/MLRIynfw==</latexit><latexit sha1_base64="xosL/dmpd63z1ln2zkKeow0EgBw=">AAACLXicbVDLSgMxFM34rOOr6tJNsAiCWGZE0GVRFy4r2Ad0huFOmrahmUxIMkIp/SE3/ooILiri1t8wfQh9eCBwcs49JPfEkjNtPG/orKyurW9s5rbc7Z3dvf38wWFVp5kitEJSnqp6DJpyJmjFMMNpXSoKScxpLe7ejfzaM1WapeLJ9CQNE2gL1mIEjJWi/H0gsigALjuAz4MuSAl/10Bqht2AKPdizphNTIaifMEremPgZeJPSQFNUY7y70EzJVlChSEctG74njRhH5RhhNOBG2SaSiBdaNOGpQISqsP+eNsBPrVKE7dSZY8weKzOJvqQaN1LYjuZgOnoRW8k/uc1MtO6CftMyMxQQSYPtTKOTYpH1eEmU5QY3rMEiGL2r5h0QAExtmDXluAvrrxMqpdF3yv6j1eF0u20jhw6RifoDPnoGpXQAyqjCiLoBb2hIfp0Xp0P58v5noyuONPMEZqD8/MLRIynfw==</latexit><latexit sha1_base64="xosL/dmpd63z1ln2zkKeow0EgBw=">AAACLXicbVDLSgMxFM34rOOr6tJNsAiCWGZE0GVRFy4r2Ad0huFOmrahmUxIMkIp/SE3/ooILiri1t8wfQh9eCBwcs49JPfEkjNtPG/orKyurW9s5rbc7Z3dvf38wWFVp5kitEJSnqp6DJpyJmjFMMNpXSoKScxpLe7ejfzaM1WapeLJ9CQNE2gL1mIEjJWi/H0gsigALjuAz4MuSAl/10Bqht2AKPdizphNTIaifMEremPgZeJPSQFNUY7y70EzJVlChSEctG74njRhH5RhhNOBG2SaSiBdaNOGpQISqsP+eNsBPrVKE7dSZY8weKzOJvqQaN1LYjuZgOnoRW8k/uc1MtO6CftMyMxQQSYPtTKOTYpH1eEmU5QY3rMEiGL2r5h0QAExtmDXluAvrrxMqpdF3yv6j1eF0u20jhw6RifoDPnoGpXQAyqjCiLoBb2hIfp0Xp0P58v5noyuONPMEZqD8/MLRIynfw==</latexit>

⌫� + � 

��⌫� +  
<latexit sha1_base64="CM8uuCXVbdEr/q0QuebvUGWdbGk=">AAACKXicbVDLSgMxFM3UVx1fVZdugkUQxDIjgi6LblxWsA/oDMOdNG1DM5mQZIRS+jtu/BU3Coq69UdM21nU1gOBk3POJbknlpxp43lfTmFldW19o7jpbm3v7O6V9g8aOs0UoXWS8lS1YtCUM0HrhhlOW1JRSGJOm/HgduI3H6nSLBUPZihpmEBPsC4jYKwUlaqByKIgpgbwWTAAKSG/BVIz7AZEuefz+lx8FolKZa/iTYGXiZ+TMspRi0pvQSclWUKFIRy0bvueNOEIlGGE07EbZJpKIAPo0balAhKqw9F00zE+sUoHd1NljzB4qs5PjCDRepjENpmA6etFbyL+57Uz070OR0zIzFBBZg91M45Niie14Q5TlBg+tASIYvavmPRBATG2XNeW4C+uvEwaFxXfq/j3l+XqTV5HER2hY3SKfHSFqugO1VAdEfSEXtA7+nCenVfn0/meRQtOPnOI/sD5+QXFh6Wv</latexit><latexit sha1_base64="CM8uuCXVbdEr/q0QuebvUGWdbGk=">AAACKXicbVDLSgMxFM3UVx1fVZdugkUQxDIjgi6LblxWsA/oDMOdNG1DM5mQZIRS+jtu/BU3Coq69UdM21nU1gOBk3POJbknlpxp43lfTmFldW19o7jpbm3v7O6V9g8aOs0UoXWS8lS1YtCUM0HrhhlOW1JRSGJOm/HgduI3H6nSLBUPZihpmEBPsC4jYKwUlaqByKIgpgbwWTAAKSG/BVIz7AZEuefz+lx8FolKZa/iTYGXiZ+TMspRi0pvQSclWUKFIRy0bvueNOEIlGGE07EbZJpKIAPo0balAhKqw9F00zE+sUoHd1NljzB4qs5PjCDRepjENpmA6etFbyL+57Uz070OR0zIzFBBZg91M45Niie14Q5TlBg+tASIYvavmPRBATG2XNeW4C+uvEwaFxXfq/j3l+XqTV5HER2hY3SKfHSFqugO1VAdEfSEXtA7+nCenVfn0/meRQtOPnOI/sD5+QXFh6Wv</latexit><latexit sha1_base64="CM8uuCXVbdEr/q0QuebvUGWdbGk=">AAACKXicbVDLSgMxFM3UVx1fVZdugkUQxDIjgi6LblxWsA/oDMOdNG1DM5mQZIRS+jtu/BU3Coq69UdM21nU1gOBk3POJbknlpxp43lfTmFldW19o7jpbm3v7O6V9g8aOs0UoXWS8lS1YtCUM0HrhhlOW1JRSGJOm/HgduI3H6nSLBUPZihpmEBPsC4jYKwUlaqByKIgpgbwWTAAKSG/BVIz7AZEuefz+lx8FolKZa/iTYGXiZ+TMspRi0pvQSclWUKFIRy0bvueNOEIlGGE07EbZJpKIAPo0balAhKqw9F00zE+sUoHd1NljzB4qs5PjCDRepjENpmA6etFbyL+57Uz070OR0zIzFBBZg91M45Niie14Q5TlBg+tASIYvavmPRBATG2XNeW4C+uvEwaFxXfq/j3l+XqTV5HER2hY3SKfHSFqugO1VAdEfSEXtA7+nCenVfn0/meRQtOPnOI/sD5+QXFh6Wv</latexit><latexit sha1_base64="CM8uuCXVbdEr/q0QuebvUGWdbGk=">AAACKXicbVDLSgMxFM3UVx1fVZdugkUQxDIjgi6LblxWsA/oDMOdNG1DM5mQZIRS+jtu/BU3Coq69UdM21nU1gOBk3POJbknlpxp43lfTmFldW19o7jpbm3v7O6V9g8aOs0UoXWS8lS1YtCUM0HrhhlOW1JRSGJOm/HgduI3H6nSLBUPZihpmEBPsC4jYKwUlaqByKIgpgbwWTAAKSG/BVIz7AZEuefz+lx8FolKZa/iTYGXiZ+TMspRi0pvQSclWUKFIRy0bvueNOEIlGGE07EbZJpKIAPo0balAhKqw9F00zE+sUoHd1NljzB4qs5PjCDRepjENpmA6etFbyL+57Uz070OR0zIzFBBZg91M45Niie14Q5TlBg+tASIYvavmPRBATG2XNeW4C+uvEwaFxXfq/j3l+XqTV5HER2hY3SKfHSFqugO1VAdEfSEXtA7+nCenVfn0/meRQtOPnOI/sD5+QXFh6Wv</latexit>

⌫�
<latexit sha1_base64="+HYNCJeYhnjVtBkakPkCUft9YTA=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbSbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nCbQRiXrASQpBzIZKRIIztNKjr7K+HwKyfrXm1t056CrxClIjBZr96pc/SHgWg0IumTE9z00xyJlGwSVMK35mIGV8zIbQs1SxGEyQzw+e0jOrDGiUaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl2F0HeRCpRmC4otFUSYpJnT2PR0IDRzlxBLGtbC3Uj5imnG0GVVsCN7yy6ukfVH33Lp3f1lr3BRxlMkJOSXnxCNXpEHuSJO0CCcxeSav5M3Rzovz7nwsWktOMXNM/sD5/AHVspBq</latexit><latexit sha1_base64="+HYNCJeYhnjVtBkakPkCUft9YTA=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbSbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nCbQRiXrASQpBzIZKRIIztNKjr7K+HwKyfrXm1t056CrxClIjBZr96pc/SHgWg0IumTE9z00xyJlGwSVMK35mIGV8zIbQs1SxGEyQzw+e0jOrDGiUaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl2F0HeRCpRmC4otFUSYpJnT2PR0IDRzlxBLGtbC3Uj5imnG0GVVsCN7yy6ukfVH33Lp3f1lr3BRxlMkJOSXnxCNXpEHuSJO0CCcxeSav5M3Rzovz7nwsWktOMXNM/sD5/AHVspBq</latexit><latexit sha1_base64="+HYNCJeYhnjVtBkakPkCUft9YTA=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbSbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nCbQRiXrASQpBzIZKRIIztNKjr7K+HwKyfrXm1t056CrxClIjBZr96pc/SHgWg0IumTE9z00xyJlGwSVMK35mIGV8zIbQs1SxGEyQzw+e0jOrDGiUaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl2F0HeRCpRmC4otFUSYpJnT2PR0IDRzlxBLGtbC3Uj5imnG0GVVsCN7yy6ukfVH33Lp3f1lr3BRxlMkJOSXnxCNXpEHuSJO0CCcxeSav5M3Rzovz7nwsWktOMXNM/sD5/AHVspBq</latexit><latexit sha1_base64="+HYNCJeYhnjVtBkakPkCUft9YTA=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbSbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nCbQRiXrASQpBzIZKRIIztNKjr7K+HwKyfrXm1t056CrxClIjBZr96pc/SHgWg0IumTE9z00xyJlGwSVMK35mIGV8zIbQs1SxGEyQzw+e0jOrDGiUaFsK6Vz9PZGz2JhJHNrOmOHILHsz8T+vl2F0HeRCpRmC4otFUSYpJnT2PR0IDRzlxBLGtbC3Uj5imnG0GVVsCN7yy6ukfVH33Lp3f1lr3BRxlMkJOSXnxCNXpEHuSJO0CCcxeSav5M3Rzovz7nwsWktOMXNM/sD5/AHVspBq</latexit>

l+�
<latexit sha1_base64="Bwfnbq4A9+h3Gwd1fgVHouDLVmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/SxrLZTtqlm03Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSg+h1AzT08axXrrhVdwayTLycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3hCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyrZELzFl5dJ87zquVXv7qJSu87jKMIRHMMpeHAJNbiFOjSAQQTP8ApvjnJenHfnY95acPKZQ/gD5/MHZVaQIA==</latexit><latexit sha1_base64="Bwfnbq4A9+h3Gwd1fgVHouDLVmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/SxrLZTtqlm03Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSg+h1AzT08axXrrhVdwayTLycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3hCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyrZELzFl5dJ87zquVXv7qJSu87jKMIRHMMpeHAJNbiFOjSAQQTP8ApvjnJenHfnY95acPKZQ/gD5/MHZVaQIA==</latexit><latexit sha1_base64="Bwfnbq4A9+h3Gwd1fgVHouDLVmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/SxrLZTtqlm03Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSg+h1AzT08axXrrhVdwayTLycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3hCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyrZELzFl5dJ87zquVXv7qJSu87jKMIRHMMpeHAJNbiFOjSAQQTP8ApvjnJenHfnY95acPKZQ/gD5/MHZVaQIA==</latexit><latexit sha1_base64="Bwfnbq4A9+h3Gwd1fgVHouDLVmM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/SxrLZTtqlm03Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSzvzThBP6IDyUPOqLHSg+h1AzT08axXrrhVdwayTLycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3hCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/IzLJDUo2XxRmApiYjL9nvS5QmbE2BLKFLe3EjakijJjMyrZELzFl5dJ87zquVXv7qJSu87jKMIRHMMpeHAJNbiFOjSAQQTP8ApvjnJenHfnY95acPKZQ/gD5/MHZVaQIA==</latexit>

l+↵
<latexit sha1_base64="lmkJYClXteo742eNKiBvmtv0zhU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YxjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rSemNI/lvRknzI9wIHnIKRorPYheF0UyxMezXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72eziCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/yMyyQ1TNL5ojAVxMRk+j7pc8WoEWNLkCpubyV0iAqpsSGVbAje4svLpHle9dyqd3dRqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AS6okJQ=</latexit><latexit sha1_base64="lmkJYClXteo742eNKiBvmtv0zhU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YxjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rSemNI/lvRknzI9wIHnIKRorPYheF0UyxMezXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72eziCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/yMyyQ1TNL5ojAVxMRk+j7pc8WoEWNLkCpubyV0iAqpsSGVbAje4svLpHle9dyqd3dRqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AS6okJQ=</latexit><latexit sha1_base64="lmkJYClXteo742eNKiBvmtv0zhU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YxjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rSemNI/lvRknzI9wIHnIKRorPYheF0UyxMezXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72eziCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/yMyyQ1TNL5ojAVxMRk+j7pc8WoEWNLkCpubyV0iAqpsSGVbAje4svLpHle9dyqd3dRqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AS6okJQ=</latexit><latexit sha1_base64="lmkJYClXteo742eNKiBvmtv0zhU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/YxjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwupn6rSemNI/lvRknzI9wIHnIKRorPYheF0UyxMezXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72eziCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/yMyyQ1TNL5ojAVxMRk+j7pc8WoEWNLkCpubyV0iAqpsSGVbAje4svLpHle9dyqd3dRqV3ncRThCI7hFDy4hBrcQh0aQEHCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AS6okJQ=</latexit>⌫↵

<latexit sha1_base64="+jLbKbykBqL1h64YFuzGkmAdo7s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVEzwSVrGW4E66aKYRwK1gnHtzO/88SU5ol8MJOUBTEOJY84RWOlR19mfR9FOsJ+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3hKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBZQkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8AnwOQ3g==</latexit><latexit sha1_base64="+jLbKbykBqL1h64YFuzGkmAdo7s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVEzwSVrGW4E66aKYRwK1gnHtzO/88SU5ol8MJOUBTEOJY84RWOlR19mfR9FOsJ+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3hKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBZQkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8AnwOQ3g==</latexit><latexit sha1_base64="+jLbKbykBqL1h64YFuzGkmAdo7s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVEzwSVrGW4E66aKYRwK1gnHtzO/88SU5ol8MJOUBTEOJY84RWOlR19mfR9FOsJ+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3hKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBZQkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8AnwOQ3g==</latexit><latexit sha1_base64="+jLbKbykBqL1h64YFuzGkmAdo7s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVEzwSVrGW4E66aKYRwK1gnHtzO/88SU5ol8MJOUBTEOJY84RWOlR19mfR9FOsJ+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3hKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBZQkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8AnwOQ3g==</latexit>

Z 0
<latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit>

Z 0
<latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit><latexit sha1_base64="OjVt2H8R41H8rTMCEXDwW6dntNI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq9gPbUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/eNpr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9mlE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwBh5cQg1uoQ4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBxkqjQ8=</latexit>
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Coupling	of	neutrinos	through	mixing

Fernandez-Martinez	et	al.,	JHEP	08	(2016)	033

9/10/20 YASAMAN	FARZAN

|e|2 < 2.5⇥ 10�3 |µ|2 < 4.4⇥ 10�4 |⌧ |2 < 5.6⇥ 10�3 at 2�
<latexit sha1_base64="1HuNJqT1xxk5boMfDq0VUF9vXbA="></latexit><latexit sha1_base64="1HuNJqT1xxk5boMfDq0VUF9vXbA="></latexit><latexit sha1_base64="1HuNJqT1xxk5boMfDq0VUF9vXbA="></latexit><latexit sha1_base64="1HuNJqT1xxk5boMfDq0VUF9vXbA="></latexit>



Coupling	of	neutrinos	through	mixing
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Flavor	structure	of	NSI
↵,�

<latexit sha1_base64="L/eJuaopTdfxo0Ejf7/VSzhPpB4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgQkoigi6LblxWsA9oQriZTtqhk8kwMxFKKLjxV9y4UMStP+HOv3HaRtDWAxfOnHMvc++JBKNKu+6XVVpaXlldK69XNja3tnfs3b2WSjOJSROnLJWdCBRhlJOmppqRjpAEkoiRdjS8nvjteyIVTfmdHgkSJNDnNKYYtJFC+8AfghAQ+sDEAE5/XhHRENpVt+ZO4SwSryBVVKAR2p9+L8VZQrjGDJTqeq7QQQ5SU8zIuOJnigjAQ+iTrqEcEqKCfHrD2Dk2Ss+JU2mKa2eq/p7IIVFqlESmMwE9UPPeRPzP62Y6vgxyykWmCcezj+KMOTp1JoE4PSoJ1mxkCGBJza4OHoAErE1sFROCN3/yImmd1Ty35t2eV+tXRRxldIiO0Any0AWqoxvUQE2E0QN6Qi/o1Xq0nq03633WWrKKmX30B9bHNw6ll8U=</latexit><latexit sha1_base64="L/eJuaopTdfxo0Ejf7/VSzhPpB4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgQkoigi6LblxWsA9oQriZTtqhk8kwMxFKKLjxV9y4UMStP+HOv3HaRtDWAxfOnHMvc++JBKNKu+6XVVpaXlldK69XNja3tnfs3b2WSjOJSROnLJWdCBRhlJOmppqRjpAEkoiRdjS8nvjteyIVTfmdHgkSJNDnNKYYtJFC+8AfghAQ+sDEAE5/XhHRENpVt+ZO4SwSryBVVKAR2p9+L8VZQrjGDJTqeq7QQQ5SU8zIuOJnigjAQ+iTrqEcEqKCfHrD2Dk2Ss+JU2mKa2eq/p7IIVFqlESmMwE9UPPeRPzP62Y6vgxyykWmCcezj+KMOTp1JoE4PSoJ1mxkCGBJza4OHoAErE1sFROCN3/yImmd1Ty35t2eV+tXRRxldIiO0Any0AWqoxvUQE2E0QN6Qi/o1Xq0nq03633WWrKKmX30B9bHNw6ll8U=</latexit><latexit sha1_base64="L/eJuaopTdfxo0Ejf7/VSzhPpB4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgQkoigi6LblxWsA9oQriZTtqhk8kwMxFKKLjxV9y4UMStP+HOv3HaRtDWAxfOnHMvc++JBKNKu+6XVVpaXlldK69XNja3tnfs3b2WSjOJSROnLJWdCBRhlJOmppqRjpAEkoiRdjS8nvjteyIVTfmdHgkSJNDnNKYYtJFC+8AfghAQ+sDEAE5/XhHRENpVt+ZO4SwSryBVVKAR2p9+L8VZQrjGDJTqeq7QQQ5SU8zIuOJnigjAQ+iTrqEcEqKCfHrD2Dk2Ss+JU2mKa2eq/p7IIVFqlESmMwE9UPPeRPzP62Y6vgxyykWmCcezj+KMOTp1JoE4PSoJ1mxkCGBJza4OHoAErE1sFROCN3/yImmd1Ty35t2eV+tXRRxldIiO0Any0AWqoxvUQE2E0QN6Qi/o1Xq0nq03633WWrKKmX30B9bHNw6ll8U=</latexit><latexit sha1_base64="L/eJuaopTdfxo0Ejf7/VSzhPpB4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgQkoigi6LblxWsA9oQriZTtqhk8kwMxFKKLjxV9y4UMStP+HOv3HaRtDWAxfOnHMvc++JBKNKu+6XVVpaXlldK69XNja3tnfs3b2WSjOJSROnLJWdCBRhlJOmppqRjpAEkoiRdjS8nvjteyIVTfmdHgkSJNDnNKYYtJFC+8AfghAQ+sDEAE5/XhHRENpVt+ZO4SwSryBVVKAR2p9+L8VZQrjGDJTqeq7QQQ5SU8zIuOJnigjAQ+iTrqEcEqKCfHrD2Dk2Ss+JU2mKa2eq/p7IIVFqlESmMwE9UPPeRPzP62Y6vgxyykWmCcezj+KMOTp1JoE4PSoJ1mxkCGBJza4OHoAErE1sFROCN3/yImmd1Ty35t2eV+tXRRxldIiO0Any0AWqoxvUQE2E0QN6Qi/o1Xq0nq03633WWrKKmX30B9bHNw6ll8U=</latexit>

More	than	one	
<latexit sha1_base64="Y6u1aheEFbLgG7Mi9G3aafgNxok=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/VTz2qDecJvuHGSVeCVpQIn2oP7VHyYsi1EaJqjWPc9NTZBTZTgTOKv1M40pZRM6wp6lksaog3x+7IycWWVIokTZkobM1d8TOY21nsah7YypGetlrxD/83qZia6DnMs0MyjZYlGUCWISUnxOhlwhM2JqCWWK21sJG1NFmbH5FCF4yy+vks5F03Ob3v1lo3VTxlGFEziFc/DgClpwB23wgQGHZ3iFN0c6L86787ForTjlzDH8gfP5A1n5jl4=</latexit>

Y.F.	and	J.	Heeck,	“Neutrinophilic
Nonstandard	interactions,”	PRD	94
(2016)	053010

How	can	we	obtain	the	opposite	 relation?

Y.F.,	“A	model	 for	lepton	 flavor	violating	
Non-standard	neutrino	 interactions,”
PLB	(2020)	135349
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Hint	from	solar	neutrinos

Palazzo,	PRD	83	(2011)

9/10/20 YASAMAN	FARZAN



NSI	as	solution	to	Nova	and	T2K	
discrepancy
Chatterjee	and	Palazzo,	2008.014161

9/10/20 YASAMAN	FARZAN

68%
90%



What	we	need

9/10/20 YASAMAN	FARZAN

Y.F.,	“A	model	 for	lepton	 flavor	violating	
Non-standard	neutrino	 interactions,”
PLB	(2020)	135349



Coupling	to	neutrinos

9/10/20 YASAMAN	FARZAN

Y.F.,	“A	model	 for	lepton	 flavor	violating	Non-standard	neutrino	
interactions,”PLB (2020)	135349



Trick!	

Mixed	with	 ⌫↵
<latexit sha1_base64="I5uYZgDVN+nNaiOTwZVqcXhgfPE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0sxt2N0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTAQ31nW/ncra+sbmVnW7trO7t39QPzzqGpVqyjpUCaV7IRomuGQdy61gvUQzjEPBHsPJbeE/PjFtuJIPdpqwIMaR5BGnaHOp78t04KNIxlgb1Btu052DrBKvJA0o0R7Uv/yhomnMpKUCjel7bmKDDLXlVLBZzU8NS5BOcMT6OZUYMxNk85Nn5CxXhiRSOi9pyVz9PZFhbMw0DvPOGO3YLHuF+J/XT210HWRcJqllki4WRakgVpHifzLkmlErpjlBqnl+K6Fj1EhtnlIRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QUPAMr/DmWOfFeXc+Fq0Vp5w5hj9wPn8A1yGQ8g==</latexit><latexit sha1_base64="I5uYZgDVN+nNaiOTwZVqcXhgfPE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0sxt2N0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTAQ31nW/ncra+sbmVnW7trO7t39QPzzqGpVqyjpUCaV7IRomuGQdy61gvUQzjEPBHsPJbeE/PjFtuJIPdpqwIMaR5BGnaHOp78t04KNIxlgb1Btu052DrBKvJA0o0R7Uv/yhomnMpKUCjel7bmKDDLXlVLBZzU8NS5BOcMT6OZUYMxNk85Nn5CxXhiRSOi9pyVz9PZFhbMw0DvPOGO3YLHuF+J/XT210HWRcJqllki4WRakgVpHifzLkmlErpjlBqnl+K6Fj1EhtnlIRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QUPAMr/DmWOfFeXc+Fq0Vp5w5hj9wPn8A1yGQ8g==</latexit><latexit sha1_base64="I5uYZgDVN+nNaiOTwZVqcXhgfPE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0sxt2N0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTAQ31nW/ncra+sbmVnW7trO7t39QPzzqGpVqyjpUCaV7IRomuGQdy61gvUQzjEPBHsPJbeE/PjFtuJIPdpqwIMaR5BGnaHOp78t04KNIxlgb1Btu052DrBKvJA0o0R7Uv/yhomnMpKUCjel7bmKDDLXlVLBZzU8NS5BOcMT6OZUYMxNk85Nn5CxXhiRSOi9pyVz9PZFhbMw0DvPOGO3YLHuF+J/XT210HWRcJqllki4WRakgVpHifzLkmlErpjlBqnl+K6Fj1EhtnlIRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QUPAMr/DmWOfFeXc+Fq0Vp5w5hj9wPn8A1yGQ8g==</latexit><latexit sha1_base64="I5uYZgDVN+nNaiOTwZVqcXhgfPE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0sxt2N0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTAQ31nW/ncra+sbmVnW7trO7t39QPzzqGpVqyjpUCaV7IRomuGQdy61gvUQzjEPBHsPJbeE/PjFtuJIPdpqwIMaR5BGnaHOp78t04KNIxlgb1Btu052DrBKvJA0o0R7Uv/yhomnMpKUCjel7bmKDDLXlVLBZzU8NS5BOcMT6OZUYMxNk85Nn5CxXhiRSOi9pyVz9PZFhbMw0DvPOGO3YLHuF+J/XT210HWRcJqllki4WRakgVpHifzLkmlErpjlBqnl+K6Fj1EhtnlIRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QUPAMr/DmWOfFeXc+Fq0Vp5w5hj9wPn8A1yGQ8g==</latexit> Mixed	with	⌫�

<latexit sha1_base64="PO09LW+u/XcwKpgF4ZMpcUgWRfU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7G6GU/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8m/udJ1SaJ/LBTFIMYjqUPOKMGis9+jLr+yEaWulXa27dnYOsEq8gNSjQ7Fe//EHCshilYYJq3fPc1ARTqgxnAmcVP9OYUjamQ+xZKmmMOpjOL56RM6sMSJQoW9KQufp7YkpjrSdxaDtjakZ62cvF/7xeZqLrYMplmhmUbLEoygQxCcnfJwOukBkxsYQyxe2thI2ooszYkPIQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtICBhGd4hTdHOy/Ou/OxaC05xcwx/IHz+QMNc5B+</latexit><latexit sha1_base64="PO09LW+u/XcwKpgF4ZMpcUgWRfU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7G6GU/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8m/udJ1SaJ/LBTFIMYjqUPOKMGis9+jLr+yEaWulXa27dnYOsEq8gNSjQ7Fe//EHCshilYYJq3fPc1ARTqgxnAmcVP9OYUjamQ+xZKmmMOpjOL56RM6sMSJQoW9KQufp7YkpjrSdxaDtjakZ62cvF/7xeZqLrYMplmhmUbLEoygQxCcnfJwOukBkxsYQyxe2thI2ooszYkPIQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtICBhGd4hTdHOy/Ou/OxaC05xcwx/IHz+QMNc5B+</latexit><latexit sha1_base64="PO09LW+u/XcwKpgF4ZMpcUgWRfU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7G6GU/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8m/udJ1SaJ/LBTFIMYjqUPOKMGis9+jLr+yEaWulXa27dnYOsEq8gNSjQ7Fe//EHCshilYYJq3fPc1ARTqgxnAmcVP9OYUjamQ+xZKmmMOpjOL56RM6sMSJQoW9KQufp7YkpjrSdxaDtjakZ62cvF/7xeZqLrYMplmhmUbLEoygQxCcnfJwOukBkxsYQyxe2thI2ooszYkPIQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtICBhGd4hTdHOy/Ou/OxaC05xcwx/IHz+QMNc5B+</latexit><latexit sha1_base64="PO09LW+u/XcwKpgF4ZMpcUgWRfU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7G6GU/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8m/udJ1SaJ/LBTFIMYjqUPOKMGis9+jLr+yEaWulXa27dnYOsEq8gNSjQ7Fe//EHCshilYYJq3fPc1ARTqgxnAmcVP9OYUjamQ+xZKmmMOpjOL56RM6sMSJQoW9KQufp7YkpjrSdxaDtjakZ62cvF/7xeZqLrYMplmhmUbLEoygQxCcnfJwOukBkxsYQyxe2thI2ooszYkPIQvOWXV0n7ou65de/+sta4KeIowwmcwjl4cAUNuIMmtICBhGd4hTdHOy/Ou/OxaC05xcwx/IHz+QMNc5B+</latexit>

sin�
<latexit sha1_base64="mWIWYiIsLRoIJPuteA6az5fjMzE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0sxt2J0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTKSw6LrfTmVtfWNzq7pd29nd2z+oHx51rU4N4x2mpTa9kFouheIdFCh5LzGcxqHkj+HktvAfn7ixQqsHnCY8iOlIiUgwirnU961QxA850tqg3nCb7hxklXglaUCJ9qD+5Q81S2OukElqbd9zEwwyalAwyWc1P7U8oWxCR7yfU0VjboNsfvKMnOXKkETa5KWQzNXfExmNrZ3GYd4ZUxzbZa8Q//P6KUbXQSZUkiJXbLEoSiVBTYr/yVAYzlBOc0KZEfmthI2poQzzlIoQvOWXV0n3oum5Te/+stG6KeOowgmcwjl4cAUtuIM2dICBhmd4hTcHnRfn3flYtFaccuYY/sD5/AFxnZCw</latexit><latexit sha1_base64="mWIWYiIsLRoIJPuteA6az5fjMzE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0sxt2J0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTKSw6LrfTmVtfWNzq7pd29nd2z+oHx51rU4N4x2mpTa9kFouheIdFCh5LzGcxqHkj+HktvAfn7ixQqsHnCY8iOlIiUgwirnU961QxA850tqg3nCb7hxklXglaUCJ9qD+5Q81S2OukElqbd9zEwwyalAwyWc1P7U8oWxCR7yfU0VjboNsfvKMnOXKkETa5KWQzNXfExmNrZ3GYd4ZUxzbZa8Q//P6KUbXQSZUkiJXbLEoSiVBTYr/yVAYzlBOc0KZEfmthI2poQzzlIoQvOWXV0n3oum5Te/+stG6KeOowgmcwjl4cAUtuIM2dICBhmd4hTcHnRfn3flYtFaccuYY/sD5/AFxnZCw</latexit><latexit sha1_base64="mWIWYiIsLRoIJPuteA6az5fjMzE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0sxt2J0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTKSw6LrfTmVtfWNzq7pd29nd2z+oHx51rU4N4x2mpTa9kFouheIdFCh5LzGcxqHkj+HktvAfn7ixQqsHnCY8iOlIiUgwirnU961QxA850tqg3nCb7hxklXglaUCJ9qD+5Q81S2OukElqbd9zEwwyalAwyWc1P7U8oWxCR7yfU0VjboNsfvKMnOXKkETa5KWQzNXfExmNrZ3GYd4ZUxzbZa8Q//P6KUbXQSZUkiJXbLEoSiVBTYr/yVAYzlBOc0KZEfmthI2poQzzlIoQvOWXV0n3oum5Te/+stG6KeOowgmcwjl4cAUtuIM2dICBhmd4hTcHnRfn3flYtFaccuYY/sD5/AFxnZCw</latexit><latexit sha1_base64="mWIWYiIsLRoIJPuteA6az5fjMzE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDbbTbt0sxt2J0IJ/RlePCji1V/jzX9j0uagrQ8GHu/NMDMvTKSw6LrfTmVtfWNzq7pd29nd2z+oHx51rU4N4x2mpTa9kFouheIdFCh5LzGcxqHkj+HktvAfn7ixQqsHnCY8iOlIiUgwirnU961QxA850tqg3nCb7hxklXglaUCJ9qD+5Q81S2OukElqbd9zEwwyalAwyWc1P7U8oWxCR7yfU0VjboNsfvKMnOXKkETa5KWQzNXfExmNrZ3GYd4ZUxzbZa8Q//P6KUbXQSZUkiJXbLEoSiVBTYr/yVAYzlBOc0KZEfmthI2poQzzlIoQvOWXV0n3oum5Te/+stG6KeOowgmcwjl4cAUtuIM2dICBhmd4hTcHnRfn3flYtFaccuYY/sD5/AFxnZCw</latexit>

sin↵
<latexit sha1_base64="yoefg2QORy4YQ6TPiElICn/l5jo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0swm7G6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTlHVoIhLVC1EzwSXrGG4E66WKYRwK9hhObgv/8YkpzRP5YKYpC2IcSR5xisZKvq+5JD6KdIy1Qb3hNt05yCrxStKAEu1B/csfJjSLmTRUoNZ9z01NkKMynAo2q/mZZinSCY5Y31KJMdNBPr95Rs6sMiRRomxJQ+bq74kcY62ncWg7YzRjvewV4n9ePzPRdZBzmWaGSbpYFGWCmIQUAZAhV4waMbUEqeL2VkLHqJAaG1MRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QSOEZXuHNyZwX5935WLRWnHLmGP7A+fwBO4SRJA==</latexit><latexit sha1_base64="yoefg2QORy4YQ6TPiElICn/l5jo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0swm7G6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTlHVoIhLVC1EzwSXrGG4E66WKYRwK9hhObgv/8YkpzRP5YKYpC2IcSR5xisZKvq+5JD6KdIy1Qb3hNt05yCrxStKAEu1B/csfJjSLmTRUoNZ9z01NkKMynAo2q/mZZinSCY5Y31KJMdNBPr95Rs6sMiRRomxJQ+bq74kcY62ncWg7YzRjvewV4n9ePzPRdZBzmWaGSbpYFGWCmIQUAZAhV4waMbUEqeL2VkLHqJAaG1MRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QSOEZXuHNyZwX5935WLRWnHLmGP7A+fwBO4SRJA==</latexit><latexit sha1_base64="yoefg2QORy4YQ6TPiElICn/l5jo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0swm7G6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTlHVoIhLVC1EzwSXrGG4E66WKYRwK9hhObgv/8YkpzRP5YKYpC2IcSR5xisZKvq+5JD6KdIy1Qb3hNt05yCrxStKAEu1B/csfJjSLmTRUoNZ9z01NkKMynAo2q/mZZinSCY5Y31KJMdNBPr95Rs6sMiRRomxJQ+bq74kcY62ncWg7YzRjvewV4n9ePzPRdZBzmWaGSbpYFGWCmIQUAZAhV4waMbUEqeL2VkLHqJAaG1MRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QSOEZXuHNyZwX5935WLRWnHLmGP7A+fwBO4SRJA==</latexit><latexit sha1_base64="yoefg2QORy4YQ6TPiElICn/l5jo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUCbbTbt0swm7G6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTlHVoIhLVC1EzwSXrGG4E66WKYRwK9hhObgv/8YkpzRP5YKYpC2IcSR5xisZKvq+5JD6KdIy1Qb3hNt05yCrxStKAEu1B/csfJjSLmTRUoNZ9z01NkKMynAo2q/mZZinSCY5Y31KJMdNBPr95Rs6sMiRRomxJQ+bq74kcY62ncWg7YzRjvewV4n9ePzPRdZBzmWaGSbpYFGWCmIQUAZAhV4waMbUEqeL2VkLHqJAaG1MRgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg5QSOEZXuHNyZwX5935WLRWnHLmGP7A+fwBO4SRJA==</latexit>
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How	to	obtain	the	mixing?

Even odd
L↵ ! L↵ L� ! �L�

<latexit sha1_base64="zjO6t7VWsIuNV1Hmd/+rbvec1xI=">AAACHHicbVDLSsNAFJ34rPUVdelmsAhuLIkKuiy6ceGign1AE8LNdNIOnTyYmQgl9EPc+CtuXCjixoXg3zhJg2jrHQbOnHMvd87xE86ksqwvY2FxaXlltbJWXd/Y3No2d3bbMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fijq1zv3FMhWRzdqXFC3RAGEQsYAaUpzzy98RzgyRCwo2L888DYKU7O+FRBLh6XuOqZNatuFYXngV2CGiqr6ZkfTj8maUgjRThI2bOtRLkZCMUIp5Oqk0qaABnBgPY0jCCk0s0KcxN8qJk+DmKhb6Rwwf6eyCCUchz6ujMENZSzWk7+p/VSFVy4GYuSVNGITBcFKcfaap4U7jNBieJjDYAIpv+KyRAEEKXzzEOwZy3Pg/ZJ3bbq9u1ZrXFZxlFB++gAHSEbnaMGukZN1EIEPaAn9IJejUfj2Xgz3qetC0Y5s4f+lPH5DW32nxI=</latexit><latexit sha1_base64="zjO6t7VWsIuNV1Hmd/+rbvec1xI=">AAACHHicbVDLSsNAFJ34rPUVdelmsAhuLIkKuiy6ceGign1AE8LNdNIOnTyYmQgl9EPc+CtuXCjixoXg3zhJg2jrHQbOnHMvd87xE86ksqwvY2FxaXlltbJWXd/Y3No2d3bbMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fijq1zv3FMhWRzdqXFC3RAGEQsYAaUpzzy98RzgyRCwo2L888DYKU7O+FRBLh6XuOqZNatuFYXngV2CGiqr6ZkfTj8maUgjRThI2bOtRLkZCMUIp5Oqk0qaABnBgPY0jCCk0s0KcxN8qJk+DmKhb6Rwwf6eyCCUchz6ujMENZSzWk7+p/VSFVy4GYuSVNGITBcFKcfaap4U7jNBieJjDYAIpv+KyRAEEKXzzEOwZy3Pg/ZJ3bbq9u1ZrXFZxlFB++gAHSEbnaMGukZN1EIEPaAn9IJejUfj2Xgz3qetC0Y5s4f+lPH5DW32nxI=</latexit><latexit sha1_base64="zjO6t7VWsIuNV1Hmd/+rbvec1xI=">AAACHHicbVDLSsNAFJ34rPUVdelmsAhuLIkKuiy6ceGign1AE8LNdNIOnTyYmQgl9EPc+CtuXCjixoXg3zhJg2jrHQbOnHMvd87xE86ksqwvY2FxaXlltbJWXd/Y3No2d3bbMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fijq1zv3FMhWRzdqXFC3RAGEQsYAaUpzzy98RzgyRCwo2L888DYKU7O+FRBLh6XuOqZNatuFYXngV2CGiqr6ZkfTj8maUgjRThI2bOtRLkZCMUIp5Oqk0qaABnBgPY0jCCk0s0KcxN8qJk+DmKhb6Rwwf6eyCCUchz6ujMENZSzWk7+p/VSFVy4GYuSVNGITBcFKcfaap4U7jNBieJjDYAIpv+KyRAEEKXzzEOwZy3Pg/ZJ3bbq9u1ZrXFZxlFB++gAHSEbnaMGukZN1EIEPaAn9IJejUfj2Xgz3qetC0Y5s4f+lPH5DW32nxI=</latexit><latexit sha1_base64="zjO6t7VWsIuNV1Hmd/+rbvec1xI=">AAACHHicbVDLSsNAFJ34rPUVdelmsAhuLIkKuiy6ceGign1AE8LNdNIOnTyYmQgl9EPc+CtuXCjixoXg3zhJg2jrHQbOnHMvd87xE86ksqwvY2FxaXlltbJWXd/Y3No2d3bbMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fijq1zv3FMhWRzdqXFC3RAGEQsYAaUpzzy98RzgyRCwo2L888DYKU7O+FRBLh6XuOqZNatuFYXngV2CGiqr6ZkfTj8maUgjRThI2bOtRLkZCMUIp5Oqk0qaABnBgPY0jCCk0s0KcxN8qJk+DmKhb6Rwwf6eyCCUchz6ujMENZSzWk7+p/VSFVy4GYuSVNGITBcFKcfaap4U7jNBieJjDYAIpv+KyRAEEKXzzEOwZy3Pg/ZJ3bbq9u1ZrXFZxlFB++gAHSEbnaMGukZN1EIEPaAn9IJejUfj2Xgz3qetC0Y5s4f+lPH5DW32nxI=</latexit>
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Even

Odd

Z2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>

Y1N̄R1(� 1 + �⇤ 2) + Y2N̄R2(� 1 � �⇤ 2)
<latexit sha1_base64="S4Plw4pNtreHwJg9yOiCDFRFrB4="></latexit><latexit sha1_base64="S4Plw4pNtreHwJg9yOiCDFRFrB4="></latexit><latexit sha1_base64="S4Plw4pNtreHwJg9yOiCDFRFrB4="></latexit><latexit sha1_base64="S4Plw4pNtreHwJg9yOiCDFRFrB4="></latexit>

mN1N̄R1N1 +mN2N̄R2N2
<latexit sha1_base64="71tP6qZPRLsV850FmMWNHQ/LZx4=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARBKFMBkGXRTeuShV7gXYYMmmmDc1cSDJCGeY53Pgqblwo4k7c+DZmprPQ1gOBP/93Dsn5vZgzqSzr26isrK6tb1Q3a1vbO7t75v5BV0aJILRDIh6Jvocl5SykHcUUp/1YUBx4nPa86XXOew9USBaF92oWUyfA45D5jGClLddEgZu2XJTBoYdF2src9E5ftHNWAPs3sHNgu2bdalhFwWWBSlEHZbVd83M4ikgS0FARjqUcICtWToqFYoTTrDZMJI0xmeIxHWgZ4oBKJy1Wy+CJdkbQj4Q+oYKF+3sixYGUs8DTnQFWE7nIcvM/NkiUf+mkLIwTRUMyf8hPOFQRzHOCIyYoUXymBSaC6b9CMsECE6XTrOkQ0OLKy6JrN5DVQLfn9eZVGUcVHIFjcAoQuABNcAPaoAMIeATP4BW8GU/Gi/FufMxbK0Y5cwj+lPH1Ax+Zn6U=</latexit><latexit sha1_base64="71tP6qZPRLsV850FmMWNHQ/LZx4=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARBKFMBkGXRTeuShV7gXYYMmmmDc1cSDJCGeY53Pgqblwo4k7c+DZmprPQ1gOBP/93Dsn5vZgzqSzr26isrK6tb1Q3a1vbO7t75v5BV0aJILRDIh6Jvocl5SykHcUUp/1YUBx4nPa86XXOew9USBaF92oWUyfA45D5jGClLddEgZu2XJTBoYdF2src9E5ftHNWAPs3sHNgu2bdalhFwWWBSlEHZbVd83M4ikgS0FARjqUcICtWToqFYoTTrDZMJI0xmeIxHWgZ4oBKJy1Wy+CJdkbQj4Q+oYKF+3sixYGUs8DTnQFWE7nIcvM/NkiUf+mkLIwTRUMyf8hPOFQRzHOCIyYoUXymBSaC6b9CMsECE6XTrOkQ0OLKy6JrN5DVQLfn9eZVGUcVHIFjcAoQuABNcAPaoAMIeATP4BW8GU/Gi/FufMxbK0Y5cwj+lPH1Ax+Zn6U=</latexit><latexit sha1_base64="71tP6qZPRLsV850FmMWNHQ/LZx4=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARBKFMBkGXRTeuShV7gXYYMmmmDc1cSDJCGeY53Pgqblwo4k7c+DZmprPQ1gOBP/93Dsn5vZgzqSzr26isrK6tb1Q3a1vbO7t75v5BV0aJILRDIh6Jvocl5SykHcUUp/1YUBx4nPa86XXOew9USBaF92oWUyfA45D5jGClLddEgZu2XJTBoYdF2src9E5ftHNWAPs3sHNgu2bdalhFwWWBSlEHZbVd83M4ikgS0FARjqUcICtWToqFYoTTrDZMJI0xmeIxHWgZ4oBKJy1Wy+CJdkbQj4Q+oYKF+3sixYGUs8DTnQFWE7nIcvM/NkiUf+mkLIwTRUMyf8hPOFQRzHOCIyYoUXymBSaC6b9CMsECE6XTrOkQ0OLKy6JrN5DVQLfn9eZVGUcVHIFjcAoQuABNcAPaoAMIeATP4BW8GU/Gi/FufMxbK0Y5cwj+lPH1Ax+Zn6U=</latexit><latexit sha1_base64="71tP6qZPRLsV850FmMWNHQ/LZx4=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARBKFMBkGXRTeuShV7gXYYMmmmDc1cSDJCGeY53Pgqblwo4k7c+DZmprPQ1gOBP/93Dsn5vZgzqSzr26isrK6tb1Q3a1vbO7t75v5BV0aJILRDIh6Jvocl5SykHcUUp/1YUBx4nPa86XXOew9USBaF92oWUyfA45D5jGClLddEgZu2XJTBoYdF2src9E5ftHNWAPs3sHNgu2bdalhFwWWBSlEHZbVd83M4ikgS0FARjqUcICtWToqFYoTTrDZMJI0xmeIxHWgZ4oBKJy1Wy+CJdkbQj4Q+oYKF+3sixYGUs8DTnQFWE7nIcvM/NkiUf+mkLIwTRUMyf8hPOFQRzHOCIyYoUXymBSaC6b9CMsECE6XTrOkQ0OLKy6JrN5DVQLfn9eZVGUcVHIFjcAoQuABNcAPaoAMIeATP4BW8GU/Gi/FufMxbK0Y5cwj+lPH1Ax+Zn6U=</latexit>

mN1 = Y1v� mN2 = Y2v�
<latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit>



YR↵N̄1RH
T cL↵ + YR�N̄2RH

T cL�
<latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit>

9/10/20 YASAMAN	FARZAN

even odd



YR↵N̄1RH
T cL↵ + YR�N̄2RH

T cL�
<latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit>

9/12/20 YASAMAN	FARZAN
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<latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit>
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<latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit>

Inverse	seesaw

mN1 = Y1v�
<latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit>

sin↵ = �YR↵hHi
mN1

<latexit sha1_base64="Z1prOV0tJMnGnh/UZ87GeAzm47s="></latexit><latexit sha1_base64="Z1prOV0tJMnGnh/UZ87GeAzm47s="></latexit><latexit sha1_base64="Z1prOV0tJMnGnh/UZ87GeAzm47s="></latexit><latexit sha1_base64="Z1prOV0tJMnGnh/UZ87GeAzm47s="></latexit>



YR↵N̄1RH
T cL↵ + YR�N̄2RH

T cL�
<latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit><latexit sha1_base64="wAkycO/tY/HFf2tHWkxpnTBNdws=">AAACMXicbVDLSgMxFM34rPVVdekmWARBKDNF0GXRTRcitfQlbR3upJk2NPMgyQhlmF9y45+Imy4UcetPmLYD1tYDgcM553JzjxNyJpVpjo2V1bX1jc3MVnZ7Z3dvP3dw2JBBJAitk4AHouWApJz5tK6Y4rQVCgqew2nTGd5M/OYTFZIFfk2NQtr1oO8zlxFQWrJz5Qc7rnaAhwNIOg6I+C6xY6ua4PJjjdzaM+c8O005VM2Fir+hiWHn8mbBnAIvEysleZSiYudeO72ARB71FeEgZdsyQ9WNQShGOE2ynUjSEMgQ+rStqQ8eld14enGCT7XSw24g9PMVnqrzEzF4Uo48Ryc9UAO56E3E/7x2pNyrbsz8MFLUJ7NFbsSxCvCkPtxjghLFR5oAEUz/FZMBCCBKl5zVJViLJy+TRrFgmQXr/iJfuk7ryKBjdILOkIUuUQmVUQXVEUHP6A29ow/jxRgbn8bXLLpipDNH6A+M7x8Wj6ob</latexit>

9/10/20 YASAMAN	FARZAN
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<latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit><latexit sha1_base64="DZnm+3OMIFyKG31c7gMWw2TTz+Q="></latexit>
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1 �YR↵hHi
mN1
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� 1p
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YR↵hHi
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1p
2

1p
2
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<latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit><latexit sha1_base64="9JELbgYOHG6APMNcGiHhBDg+ULM="></latexit>

Inverse	seesaw

mN1 = Y1v�
<latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit><latexit sha1_base64="MMgb/kpUFGRsTjJyNYgGhWPigoE=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclYkIuhGKblxJBfuQdhgyaaYNTTJDkimWYX7FjQtF3Poj7vwb03YW2nrgwuGce7n3njDhTBvP+3ZWVtfWNzZLW+Xtnd29ffeg0tJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN1M/faYKs1i+WAmCfUFHkgWMYKNlQK3IoLsLkD51WOA4DjoJUMWuFWv5s0AlwkqSBUUaATuV68fk1RQaQjHWneRlxg/w8owwmle7qWaJpiM8IB2LZVYUO1ns9tzeGKVPoxiZUsaOFN/T2RYaD0Roe0U2Az1ojcV//O6qYku/YzJJDVUkvmiKOXQxHAaBOwzRYnhE0swUczeCskQK0yMjatsQ0CLLy+T1lkNeTV0f16tXxdxlMAROAanAIELUAe3oAGagIAn8AxewZuTOy/Ou/Mxb11xiplD8AfO5w/zl5O5</latexit>

Similarly	for	 ⌫↵ ! ⌫� ,

YR↵ ! YR� ,

mN1 ! mN2
<latexit sha1_base64="AXr0hrPfbz+Fg8u4uF69pDvcD6c="></latexit><latexit sha1_base64="AXr0hrPfbz+Fg8u4uF69pDvcD6c="></latexit><latexit sha1_base64="AXr0hrPfbz+Fg8u4uF69pDvcD6c="></latexit><latexit sha1_base64="AXr0hrPfbz+Fg8u4uF69pDvcD6c="></latexit>

sin� = �YR�hHi
mN2

<latexit sha1_base64="dVyQEtQgp36moLhTxq7Q5DMJplw="></latexit><latexit sha1_base64="dVyQEtQgp36moLhTxq7Q5DMJplw="></latexit><latexit sha1_base64="dVyQEtQgp36moLhTxq7Q5DMJplw="></latexit><latexit sha1_base64="dVyQEtQgp36moLhTxq7Q5DMJplw="></latexit>



Flavor		structure	of	NSI

(g⌫)↵↵ = 0
<latexit sha1_base64="fuwc38ZaWUY3wotsvvdFAD3xj3w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlE0I1QdOOygn1AE8LNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8Zpm4W2Hrjcwzn3MnNPmHKmtON8W0vLK6tr66WN8ubW9s6uvbffUkkmCW2ShCeyE4KinAna1Exz2kklhTjktB0ObyZ++4FKxRJxr0cp9WPoCxYxAtpIgX1Y7QeeyE6D3AOeDgDP2vjKwYFdcWrOFHiRuAWpoAKNwP7yegnJYio04aBU13VS7ecgNSOcjstepmgKZAh92jVUQEyVn09vGOMTo/RwlEhTQuOp+nsjh1ipURyayRj0QM17E/E/r5vp6NLPmUgzTQWZPRRlHOsETwLBPSYp0XxkCBDJzF8xGYAEok1sZROCO3/yImmd1Vyn5t6dV+rXRRwldISOURW56ALV0S1qoCYi6BE9o1f0Zj1ZL9a79TEbXbKKnQP0B9bnD41rls0=</latexit><latexit sha1_base64="fuwc38ZaWUY3wotsvvdFAD3xj3w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlE0I1QdOOygn1AE8LNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8Zpm4W2Hrjcwzn3MnNPmHKmtON8W0vLK6tr66WN8ubW9s6uvbffUkkmCW2ShCeyE4KinAna1Exz2kklhTjktB0ObyZ++4FKxRJxr0cp9WPoCxYxAtpIgX1Y7QeeyE6D3AOeDgDP2vjKwYFdcWrOFHiRuAWpoAKNwP7yegnJYio04aBU13VS7ecgNSOcjstepmgKZAh92jVUQEyVn09vGOMTo/RwlEhTQuOp+nsjh1ipURyayRj0QM17E/E/r5vp6NLPmUgzTQWZPRRlHOsETwLBPSYp0XxkCBDJzF8xGYAEok1sZROCO3/yImmd1Vyn5t6dV+rXRRwldISOURW56ALV0S1qoCYi6BE9o1f0Zj1ZL9a79TEbXbKKnQP0B9bnD41rls0=</latexit><latexit sha1_base64="fuwc38ZaWUY3wotsvvdFAD3xj3w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlE0I1QdOOygn1AE8LNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8Zpm4W2Hrjcwzn3MnNPmHKmtON8W0vLK6tr66WN8ubW9s6uvbffUkkmCW2ShCeyE4KinAna1Exz2kklhTjktB0ObyZ++4FKxRJxr0cp9WPoCxYxAtpIgX1Y7QeeyE6D3AOeDgDP2vjKwYFdcWrOFHiRuAWpoAKNwP7yegnJYio04aBU13VS7ecgNSOcjstepmgKZAh92jVUQEyVn09vGOMTo/RwlEhTQuOp+nsjh1ipURyayRj0QM17E/E/r5vp6NLPmUgzTQWZPRRlHOsETwLBPSYp0XxkCBDJzF8xGYAEok1sZROCO3/yImmd1Vyn5t6dV+rXRRwldISOURW56ALV0S1qoCYi6BE9o1f0Zj1ZL9a79TEbXbKKnQP0B9bnD41rls0=</latexit><latexit sha1_base64="fuwc38ZaWUY3wotsvvdFAD3xj3w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlE0I1QdOOygn1AE8LNdNIOnUzCzEQooeDGX3HjQhG3/oQ7/8Zpm4W2Hrjcwzn3MnNPmHKmtON8W0vLK6tr66WN8ubW9s6uvbffUkkmCW2ShCeyE4KinAna1Exz2kklhTjktB0ObyZ++4FKxRJxr0cp9WPoCxYxAtpIgX1Y7QeeyE6D3AOeDgDP2vjKwYFdcWrOFHiRuAWpoAKNwP7yegnJYio04aBU13VS7ecgNSOcjstepmgKZAh92jVUQEyVn09vGOMTo/RwlEhTQuOp+nsjh1ipURyayRj0QM17E/E/r5vp6NLPmUgzTQWZPRRlHOsETwLBPSYp0XxkCBDJzF8xGYAEok1sZROCO3/yImmd1Vyn5t6dV+rXRRwldISOURW56ALV0S1qoCYi6BE9o1f0Zj1ZL9a79TEbXbKKnQP0B9bnD41rls0=</latexit>

(g⌫)�� = 0
<latexit sha1_base64="WSj33mJBCLxy6kqCOgTUxlZvtBY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNCFMprft0MkkzEyEEurGX3HjQhG3/oU7/8ZpmoW2HriXwzn3MnNPmHCmtON8W0vLK6tr66WN8ubW9s6uvbffUnEqKTRpzGPZCYkCzgQ0NdMcOokEEoUc2uHoZuq3H0AqFot7PU7Aj8hAsD6jRBspsA+rg8AT6WmQeSFogvM+uXJwYFecmpMDLxK3IBVUoBHYX14vpmkEQlNOlOq6TqL9jEjNKIdJ2UsVJISOyAC6hgoSgfKz/IIJPjFKD/djaUponKu/NzISKTWOQjMZET1U895U/M/rprp/6WdMJKkGQWcP9VOOdYynceAek0A1HxtCqGTmr5gOiSRUm9DKJgR3/uRF0jqruU7NvTuv1K+LOEroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f7tuV5Q==</latexit><latexit sha1_base64="WSj33mJBCLxy6kqCOgTUxlZvtBY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNCFMprft0MkkzEyEEurGX3HjQhG3/oU7/8ZpmoW2HriXwzn3MnNPmHCmtON8W0vLK6tr66WN8ubW9s6uvbffUnEqKTRpzGPZCYkCzgQ0NdMcOokEEoUc2uHoZuq3H0AqFot7PU7Aj8hAsD6jRBspsA+rg8AT6WmQeSFogvM+uXJwYFecmpMDLxK3IBVUoBHYX14vpmkEQlNOlOq6TqL9jEjNKIdJ2UsVJISOyAC6hgoSgfKz/IIJPjFKD/djaUponKu/NzISKTWOQjMZET1U895U/M/rprp/6WdMJKkGQWcP9VOOdYynceAek0A1HxtCqGTmr5gOiSRUm9DKJgR3/uRF0jqruU7NvTuv1K+LOEroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f7tuV5Q==</latexit><latexit sha1_base64="WSj33mJBCLxy6kqCOgTUxlZvtBY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNCFMprft0MkkzEyEEurGX3HjQhG3/oU7/8ZpmoW2HriXwzn3MnNPmHCmtON8W0vLK6tr66WN8ubW9s6uvbffUnEqKTRpzGPZCYkCzgQ0NdMcOokEEoUc2uHoZuq3H0AqFot7PU7Aj8hAsD6jRBspsA+rg8AT6WmQeSFogvM+uXJwYFecmpMDLxK3IBVUoBHYX14vpmkEQlNOlOq6TqL9jEjNKIdJ2UsVJISOyAC6hgoSgfKz/IIJPjFKD/djaUponKu/NzISKTWOQjMZET1U895U/M/rprp/6WdMJKkGQWcP9VOOdYynceAek0A1HxtCqGTmr5gOiSRUm9DKJgR3/uRF0jqruU7NvTuv1K+LOEroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f7tuV5Q==</latexit><latexit sha1_base64="WSj33mJBCLxy6kqCOgTUxlZvtBY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNCFMprft0MkkzEyEEurGX3HjQhG3/oU7/8ZpmoW2HriXwzn3MnNPmHCmtON8W0vLK6tr66WN8ubW9s6uvbffUnEqKTRpzGPZCYkCzgQ0NdMcOokEEoUc2uHoZuq3H0AqFot7PU7Aj8hAsD6jRBspsA+rg8AT6WmQeSFogvM+uXJwYFecmpMDLxK3IBVUoBHYX14vpmkEQlNOlOq6TqL9jEjNKIdJ2UsVJISOyAC6hgoSgfKz/IIJPjFKD/djaUponKu/NzISKTWOQjMZET1U895U/M/rprp/6WdMJKkGQWcP9VOOdYynceAek0A1HxtCqGTmr5gOiSRUm9DKJgR3/uRF0jqruU7NvTuv1K+LOEroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f7tuV5Q==</latexit>

(g⌫)↵� 6= 0
<latexit sha1_base64="1HP2DedLwozNIQTd7svc3KbmS+A=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCbMKdCFoGbSwjmA/IhWNuM0mW7O0du3tCONLY+FdsLBSx9T/Y+W/cfBSa+GDg8d4MM/PCRHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWCBoFl1g33AhsJQohCgU2w+HNxG8+oNI8lvdmlGAngr7kPc7AWCkoHpf7gS/TsyDzQSQDoH6IBsa+ROrSoFhyK+4UdJl4c1Iic9SC4pffjVkaoTRMgNZtz01MJwNlOBM4LvipxgTYEPrYtlRChLqTTb8Y01OrdGkvVrakoVP190QGkdajKLSdEZiBXvQm4n9eOzW9q07GZZIalGy2qJcKamI6iYR2uUJmxMgSYIrbWykbgAJmbHAFG4K3+PIyaZxXPLfi3V2UqtfzOPLkiJyQMvHIJamSW1IjdcLII3kmr+TNeXJenHfnY9aac+Yzh+QPnM8f6hKXiQ==</latexit><latexit sha1_base64="1HP2DedLwozNIQTd7svc3KbmS+A=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCbMKdCFoGbSwjmA/IhWNuM0mW7O0du3tCONLY+FdsLBSx9T/Y+W/cfBSa+GDg8d4MM/PCRHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWCBoFl1g33AhsJQohCgU2w+HNxG8+oNI8lvdmlGAngr7kPc7AWCkoHpf7gS/TsyDzQSQDoH6IBsa+ROrSoFhyK+4UdJl4c1Iic9SC4pffjVkaoTRMgNZtz01MJwNlOBM4LvipxgTYEPrYtlRChLqTTb8Y01OrdGkvVrakoVP190QGkdajKLSdEZiBXvQm4n9eOzW9q07GZZIalGy2qJcKamI6iYR2uUJmxMgSYIrbWykbgAJmbHAFG4K3+PIyaZxXPLfi3V2UqtfzOPLkiJyQMvHIJamSW1IjdcLII3kmr+TNeXJenHfnY9aac+Yzh+QPnM8f6hKXiQ==</latexit><latexit sha1_base64="1HP2DedLwozNIQTd7svc3KbmS+A=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCbMKdCFoGbSwjmA/IhWNuM0mW7O0du3tCONLY+FdsLBSx9T/Y+W/cfBSa+GDg8d4MM/PCRHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWCBoFl1g33AhsJQohCgU2w+HNxG8+oNI8lvdmlGAngr7kPc7AWCkoHpf7gS/TsyDzQSQDoH6IBsa+ROrSoFhyK+4UdJl4c1Iic9SC4pffjVkaoTRMgNZtz01MJwNlOBM4LvipxgTYEPrYtlRChLqTTb8Y01OrdGkvVrakoVP190QGkdajKLSdEZiBXvQm4n9eOzW9q07GZZIalGy2qJcKamI6iYR2uUJmxMgSYIrbWykbgAJmbHAFG4K3+PIyaZxXPLfi3V2UqtfzOPLkiJyQMvHIJamSW1IjdcLII3kmr+TNeXJenHfnY9aac+Yzh+QPnM8f6hKXiQ==</latexit><latexit sha1_base64="1HP2DedLwozNIQTd7svc3KbmS+A=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCbMKdCFoGbSwjmA/IhWNuM0mW7O0du3tCONLY+FdsLBSx9T/Y+W/cfBSa+GDg8d4MM/PCRHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWCBoFl1g33AhsJQohCgU2w+HNxG8+oNI8lvdmlGAngr7kPc7AWCkoHpf7gS/TsyDzQSQDoH6IBsa+ROrSoFhyK+4UdJl4c1Iic9SC4pffjVkaoTRMgNZtz01MJwNlOBM4LvipxgTYEPrYtlRChLqTTb8Y01OrdGkvVrakoVP190QGkdajKLSdEZiBXvQm4n9eOzW9q07GZZIalGy2qJcKamI6iYR2uUJmxMgSYIrbWykbgAJmbHAFG4K3+PIyaZxXPLfi3V2UqtfzOPLkiJyQMvHIJamSW1IjdcLII3kmr+TNeXJenHfnY9aac+Yzh+QPnM8f6hKXiQ==</latexit>
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✏↵↵ = 0

✏�� = 0

✏↵� 6= 0
<latexit sha1_base64="Gm4gX07Jv3WLuIs91p0XUby7INY=">AAACQ3icbVBLSwMxGMzWV62vVY9egkXwVHZF0Euh6MVjBfvAbinZ9Gsbms0uSVYoS/+bF/+AN/+AFw+KeBXMbvfQhwNJhplvSDJ+xJnSjvNmFdbWNza3itulnd29/QP78KipwlhSaNCQh7LtEwWcCWhopjm0Iwkk8Dm0/PFt6reeQCoWigc9iaAbkKFgA0aJNlLPfvQgUowbmniERyOCZ8e06mDPK825Pmhjpvu0ip1FL09mpicAZ9meXXYqTga8StyclFGOes9+9fohjQMQmnKiVMd1It1NiNSMcpiWvFhBROiYDKFjqCABqG6SdTDFZ0bp40EozRIaZ+p8IiGBUpPAN5MB0SO17KXif14n1oPrbsJEFGsQdHbRIOZYhzgtFPeZBKr5xBBCJTNvxXREJKHa1J6W4C5/eZU0LyquU3HvL8u1m7yOIjpBp+gcuegK1dAdqqMGougZvaNP9GW9WB/Wt/UzGy1YeeYYLcD6/QOopbCj</latexit><latexit sha1_base64="Gm4gX07Jv3WLuIs91p0XUby7INY=">AAACQ3icbVBLSwMxGMzWV62vVY9egkXwVHZF0Euh6MVjBfvAbinZ9Gsbms0uSVYoS/+bF/+AN/+AFw+KeBXMbvfQhwNJhplvSDJ+xJnSjvNmFdbWNza3itulnd29/QP78KipwlhSaNCQh7LtEwWcCWhopjm0Iwkk8Dm0/PFt6reeQCoWigc9iaAbkKFgA0aJNlLPfvQgUowbmniERyOCZ8e06mDPK825Pmhjpvu0ip1FL09mpicAZ9meXXYqTga8StyclFGOes9+9fohjQMQmnKiVMd1It1NiNSMcpiWvFhBROiYDKFjqCABqG6SdTDFZ0bp40EozRIaZ+p8IiGBUpPAN5MB0SO17KXif14n1oPrbsJEFGsQdHbRIOZYhzgtFPeZBKr5xBBCJTNvxXREJKHa1J6W4C5/eZU0LyquU3HvL8u1m7yOIjpBp+gcuegK1dAdqqMGougZvaNP9GW9WB/Wt/UzGy1YeeYYLcD6/QOopbCj</latexit><latexit sha1_base64="Gm4gX07Jv3WLuIs91p0XUby7INY=">AAACQ3icbVBLSwMxGMzWV62vVY9egkXwVHZF0Euh6MVjBfvAbinZ9Gsbms0uSVYoS/+bF/+AN/+AFw+KeBXMbvfQhwNJhplvSDJ+xJnSjvNmFdbWNza3itulnd29/QP78KipwlhSaNCQh7LtEwWcCWhopjm0Iwkk8Dm0/PFt6reeQCoWigc9iaAbkKFgA0aJNlLPfvQgUowbmniERyOCZ8e06mDPK825Pmhjpvu0ip1FL09mpicAZ9meXXYqTga8StyclFGOes9+9fohjQMQmnKiVMd1It1NiNSMcpiWvFhBROiYDKFjqCABqG6SdTDFZ0bp40EozRIaZ+p8IiGBUpPAN5MB0SO17KXif14n1oPrbsJEFGsQdHbRIOZYhzgtFPeZBKr5xBBCJTNvxXREJKHa1J6W4C5/eZU0LyquU3HvL8u1m7yOIjpBp+gcuegK1dAdqqMGougZvaNP9GW9WB/Wt/UzGy1YeeYYLcD6/QOopbCj</latexit><latexit sha1_base64="Gm4gX07Jv3WLuIs91p0XUby7INY=">AAACQ3icbVBLSwMxGMzWV62vVY9egkXwVHZF0Euh6MVjBfvAbinZ9Gsbms0uSVYoS/+bF/+AN/+AFw+KeBXMbvfQhwNJhplvSDJ+xJnSjvNmFdbWNza3itulnd29/QP78KipwlhSaNCQh7LtEwWcCWhopjm0Iwkk8Dm0/PFt6reeQCoWigc9iaAbkKFgA0aJNlLPfvQgUowbmniERyOCZ8e06mDPK825Pmhjpvu0ip1FL09mpicAZ9meXXYqTga8StyclFGOes9+9fohjQMQmnKiVMd1It1NiNSMcpiWvFhBROiYDKFjqCABqG6SdTDFZ0bp40EozRIaZ+p8IiGBUpPAN5MB0SO17KXif14n1oPrbsJEFGsQdHbRIOZYhzgtFPeZBKr5xBBCJTNvxXREJKHa1J6W4C5/eZU0LyquU3HvL8u1m7yOIjpBp+gcuegK1dAdqqMGougZvaNP9GW9WB/Wt/UzGy1YeeYYLcD6/QOopbCj</latexit>



Bounds	on	the	mixing of										and									with	active	neutrinos
I.e.,	Bounds	on	
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N1
<latexit sha1_base64="sps5QS8AQZElz9XX3ZXNgFeGvRg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OZ+54kbKyL9iNOY+4qOtAgFo5hL9wOvMqjW3Lo7B1klXkFqUKA5qH71hxFLFNfIJLW257kx+ik1KJjks0o/sTymbEJHvJdRTRW3fjq/dUbOMmVIwshkpZHM1d8TKVXWTlWQdSqKY7vs5eJ/Xi/B8NpPhY4T5JotFoWJJBiR/HEyFIYzlNOMUGZEdithY2oowyyePARv+eVV0r6oe27de7isNW6KOMpwAqdwDh5cQQPuoAktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwCijYo=</latexit><latexit sha1_base64="sps5QS8AQZElz9XX3ZXNgFeGvRg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OZ+54kbKyL9iNOY+4qOtAgFo5hL9wOvMqjW3Lo7B1klXkFqUKA5qH71hxFLFNfIJLW257kx+ik1KJjks0o/sTymbEJHvJdRTRW3fjq/dUbOMmVIwshkpZHM1d8TKVXWTlWQdSqKY7vs5eJ/Xi/B8NpPhY4T5JotFoWJJBiR/HEyFIYzlNOMUGZEdithY2oowyyePARv+eVV0r6oe27de7isNW6KOMpwAqdwDh5cQQPuoAktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwCijYo=</latexit><latexit sha1_base64="sps5QS8AQZElz9XX3ZXNgFeGvRg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OZ+54kbKyL9iNOY+4qOtAgFo5hL9wOvMqjW3Lo7B1klXkFqUKA5qH71hxFLFNfIJLW257kx+ik1KJjks0o/sTymbEJHvJdRTRW3fjq/dUbOMmVIwshkpZHM1d8TKVXWTlWQdSqKY7vs5eJ/Xi/B8NpPhY4T5JotFoWJJBiR/HEyFIYzlNOMUGZEdithY2oowyyePARv+eVV0r6oe27de7isNW6KOMpwAqdwDh5cQQPuoAktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwCijYo=</latexit><latexit sha1_base64="sps5QS8AQZElz9XX3ZXNgFeGvRg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gDWWz3bRLdzdhdyKU0L/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzglgKi6777ZTW1jc2t8rblZ3dvf2D6uFR20aJYbzFIhmZbkAtl0LzFgqUvBsbTlUgeSeY3OZ+54kbKyL9iNOY+4qOtAgFo5hL9wOvMqjW3Lo7B1klXkFqUKA5qH71hxFLFNfIJLW257kx+ik1KJjks0o/sTymbEJHvJdRTRW3fjq/dUbOMmVIwshkpZHM1d8TKVXWTlWQdSqKY7vs5eJ/Xi/B8NpPhY4T5JotFoWJJBiR/HEyFIYzlNOMUGZEdithY2oowyyePARv+eVV0r6oe27de7isNW6KOMpwAqdwDh5cQQPuoAktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwCijYo=</latexit>

N2
<latexit sha1_base64="59gJVZE7JuapW3+8Q8Frl3T3qTY=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxZNUMG2hDWWz3bRLN5uwuxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwlRwbVz3G62tb2xubVd2nN29/YPD6tFxWyeZosyniUhUNySaCS6Zb7gRrJsqRuJQsE44uS38zhNTmify0UxTFsRkJHnEKTFW8u8HDccZVGtu3Z0DrxKvJDUo0RpUv/rDhGYxk4YKonXPc1MT5EQZTgWbOf1Ms5TQCRmxnqWSxEwH+fzYGT63yhBHibIlDZ6rvydyEms9jUPbGRMz1steIf7n9TITXQc5l2lmmKSLRVEmsElw8TkecsWoEVNLCFXc3orpmChCjc2nCMFbfnmVtBt1z617D5e15k0ZRwVO4QwuwIMraMIdtMAHChye4RXekEQv6B19LFrXUDlzAn+APn8ANyKNnw==</latexit><latexit sha1_base64="59gJVZE7JuapW3+8Q8Frl3T3qTY=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxZNUMG2hDWWz3bRLN5uwuxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwlRwbVz3G62tb2xubVd2nN29/YPD6tFxWyeZosyniUhUNySaCS6Zb7gRrJsqRuJQsE44uS38zhNTmify0UxTFsRkJHnEKTFW8u8HDccZVGtu3Z0DrxKvJDUo0RpUv/rDhGYxk4YKonXPc1MT5EQZTgWbOf1Ms5TQCRmxnqWSxEwH+fzYGT63yhBHibIlDZ6rvydyEms9jUPbGRMz1steIf7n9TITXQc5l2lmmKSLRVEmsElw8TkecsWoEVNLCFXc3orpmChCjc2nCMFbfnmVtBt1z617D5e15k0ZRwVO4QwuwIMraMIdtMAHChye4RXekEQv6B19LFrXUDlzAn+APn8ANyKNnw==</latexit><latexit sha1_base64="59gJVZE7JuapW3+8Q8Frl3T3qTY=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxZNUMG2hDWWz3bRLN5uwuxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwlRwbVz3G62tb2xubVd2nN29/YPD6tFxWyeZosyniUhUNySaCS6Zb7gRrJsqRuJQsE44uS38zhNTmify0UxTFsRkJHnEKTFW8u8HDccZVGtu3Z0DrxKvJDUo0RpUv/rDhGYxk4YKonXPc1MT5EQZTgWbOf1Ms5TQCRmxnqWSxEwH+fzYGT63yhBHibIlDZ6rvydyEms9jUPbGRMz1steIf7n9TITXQc5l2lmmKSLRVEmsElw8TkecsWoEVNLCFXc3orpmChCjc2nCMFbfnmVtBt1z617D5e15k0ZRwVO4QwuwIMraMIdtMAHChye4RXekEQv6B19LFrXUDlzAn+APn8ANyKNnw==</latexit><latexit sha1_base64="59gJVZE7JuapW3+8Q8Frl3T3qTY=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIi6LHoxZNUMG2hDWWz3bRLN5uwuxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwlRwbVz3G62tb2xubVd2nN29/YPD6tFxWyeZosyniUhUNySaCS6Zb7gRrJsqRuJQsE44uS38zhNTmify0UxTFsRkJHnEKTFW8u8HDccZVGtu3Z0DrxKvJDUo0RpUv/rDhGYxk4YKonXPc1MT5EQZTgWbOf1Ms5TQCRmxnqWSxEwH+fzYGT63yhBHibIlDZ6rvydyEms9jUPbGRMz1steIf7n9TITXQc5l2lmmKSLRVEmsElw8TkecsWoEVNLCFXc3orpmChCjc2nCMFbfnmVtBt1z617D5e15k0ZRwVO4QwuwIMraMIdtMAHChye4RXekEQv6B19LFrXUDlzAn+APn8ANyKNnw==</latexit>

sin↵ and sin�
<latexit sha1_base64="syYAy6XiK54bKCHUipYBD+ZDeGU=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXJVEBF0W3bisYC/QhHIymbRDJ5MwMxFK6Bu48VXcuFDErVt3vo2TNgttPTDw8f/ncOb8QcqZ0o7zbVVWVtfWN6qbta3tnd09e/+go5JMEtomCU9kLwBFORO0rZnmtJdKCnHAaTcY3xR+94FKxRJxrycp9WMYChYxAtpIA/vUU0xgD3g6Aow9nHsyxiDCqeG5FVANtYFddxrOrPAyuCXUUVmtgf3lhQnJYio04aBU33VS7ecgNSOcTmtepmgKZAxD2jcoIKbKz2f3TPGJUUIcJdI8ofFM/T2RQ6zUJA5MZwx6pBa9QvzP62c6uvJzJtJMU0Hmi6KMY53gIhwcMkmJ5hMDQCQzf8VkBBKINhEWIbiLJy9D57zhOg337qLevC7jqKIjdIzOkIsuURPdohZqI4Ie0TN6RW/Wk/VivVsf89aKVc4coj9lff4AYIea9Q==</latexit><latexit sha1_base64="syYAy6XiK54bKCHUipYBD+ZDeGU=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXJVEBF0W3bisYC/QhHIymbRDJ5MwMxFK6Bu48VXcuFDErVt3vo2TNgttPTDw8f/ncOb8QcqZ0o7zbVVWVtfWN6qbta3tnd09e/+go5JMEtomCU9kLwBFORO0rZnmtJdKCnHAaTcY3xR+94FKxRJxrycp9WMYChYxAtpIA/vUU0xgD3g6Aow9nHsyxiDCqeG5FVANtYFddxrOrPAyuCXUUVmtgf3lhQnJYio04aBU33VS7ecgNSOcTmtepmgKZAxD2jcoIKbKz2f3TPGJUUIcJdI8ofFM/T2RQ6zUJA5MZwx6pBa9QvzP62c6uvJzJtJMU0Hmi6KMY53gIhwcMkmJ5hMDQCQzf8VkBBKINhEWIbiLJy9D57zhOg337qLevC7jqKIjdIzOkIsuURPdohZqI4Ie0TN6RW/Wk/VivVsf89aKVc4coj9lff4AYIea9Q==</latexit><latexit sha1_base64="syYAy6XiK54bKCHUipYBD+ZDeGU=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXJVEBF0W3bisYC/QhHIymbRDJ5MwMxFK6Bu48VXcuFDErVt3vo2TNgttPTDw8f/ncOb8QcqZ0o7zbVVWVtfWN6qbta3tnd09e/+go5JMEtomCU9kLwBFORO0rZnmtJdKCnHAaTcY3xR+94FKxRJxrycp9WMYChYxAtpIA/vUU0xgD3g6Aow9nHsyxiDCqeG5FVANtYFddxrOrPAyuCXUUVmtgf3lhQnJYio04aBU33VS7ecgNSOcTmtepmgKZAxD2jcoIKbKz2f3TPGJUUIcJdI8ofFM/T2RQ6zUJA5MZwx6pBa9QvzP62c6uvJzJtJMU0Hmi6KMY53gIhwcMkmJ5hMDQCQzf8VkBBKINhEWIbiLJy9D57zhOg337qLevC7jqKIjdIzOkIsuURPdohZqI4Ie0TN6RW/Wk/VivVsf89aKVc4coj9lff4AYIea9Q==</latexit><latexit sha1_base64="syYAy6XiK54bKCHUipYBD+ZDeGU=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXJVEBF0W3bisYC/QhHIymbRDJ5MwMxFK6Bu48VXcuFDErVt3vo2TNgttPTDw8f/ncOb8QcqZ0o7zbVVWVtfWN6qbta3tnd09e/+go5JMEtomCU9kLwBFORO0rZnmtJdKCnHAaTcY3xR+94FKxRJxrycp9WMYChYxAtpIA/vUU0xgD3g6Aow9nHsyxiDCqeG5FVANtYFddxrOrPAyuCXUUVmtgf3lhQnJYio04aBU33VS7ecgNSOcTmtepmgKZAxD2jcoIKbKz2f3TPGJUUIcJdI8ofFM/T2RQ6zUJA5MZwx6pBa9QvzP62c6uvJzJtJMU0Hmi6KMY53gIhwcMkmJ5hMDQCQzf8VkBBKINhEWIbiLJy9D57zhOg337qLevC7jqKIjdIzOkIsuURPdohZqI4Ie0TN6RW/Wk/VivVsf89aKVc4coj9lff4AYIea9Q==</latexit>
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mN1 ,mN2 > 500 MeV
<latexit sha1_base64="EpZDpLmqrQUvoRdlX3I6zQSqgpQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSMkURVdSdONGqWAf0A5DJk3b0GRmSDJCGcaNG3/FjQtF3PoN7vwb0+kstPXA5R7OuZfkHj/iTGmEvq25+YXFpeXCSnF1bX1j097abqgwloTWSchD2fKxopwFtK6Z5rQVSYqFz2nTH16O/eY9lYqFwZ0eRdQVuB+wHiNYG8mz94SX3HhOepT1Snp+gtBD0pECXtNG6tklVEYZ4CxxclICOWqe/dXphiQWNNCEY6XaDoq0m2CpGeE0LXZiRSNMhrhP24YGWFDlJtkZKTwwShf2Qmkq0DBTf28kWCg1Er6ZFFgP1LQ3Fv/z2rHunbkJC6JY04BMHurFHOoQjjOBXSYp0XxkCCaSmb9CMsASE22SK5oQnOmTZ0mjUnZQ2bk9LlUv8jgKYBfsg0PggFNQBVegBuqAgEfwDF7Bm/VkvVjv1sdkdM7Kd3bAH1ifP5lDl+o=</latexit><latexit sha1_base64="EpZDpLmqrQUvoRdlX3I6zQSqgpQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSMkURVdSdONGqWAf0A5DJk3b0GRmSDJCGcaNG3/FjQtF3PoN7vwb0+kstPXA5R7OuZfkHj/iTGmEvq25+YXFpeXCSnF1bX1j097abqgwloTWSchD2fKxopwFtK6Z5rQVSYqFz2nTH16O/eY9lYqFwZ0eRdQVuB+wHiNYG8mz94SX3HhOepT1Snp+gtBD0pECXtNG6tklVEYZ4CxxclICOWqe/dXphiQWNNCEY6XaDoq0m2CpGeE0LXZiRSNMhrhP24YGWFDlJtkZKTwwShf2Qmkq0DBTf28kWCg1Er6ZFFgP1LQ3Fv/z2rHunbkJC6JY04BMHurFHOoQjjOBXSYp0XxkCCaSmb9CMsASE22SK5oQnOmTZ0mjUnZQ2bk9LlUv8jgKYBfsg0PggFNQBVegBuqAgEfwDF7Bm/VkvVjv1sdkdM7Kd3bAH1ifP5lDl+o=</latexit><latexit sha1_base64="EpZDpLmqrQUvoRdlX3I6zQSqgpQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSMkURVdSdONGqWAf0A5DJk3b0GRmSDJCGcaNG3/FjQtF3PoN7vwb0+kstPXA5R7OuZfkHj/iTGmEvq25+YXFpeXCSnF1bX1j097abqgwloTWSchD2fKxopwFtK6Z5rQVSYqFz2nTH16O/eY9lYqFwZ0eRdQVuB+wHiNYG8mz94SX3HhOepT1Snp+gtBD0pECXtNG6tklVEYZ4CxxclICOWqe/dXphiQWNNCEY6XaDoq0m2CpGeE0LXZiRSNMhrhP24YGWFDlJtkZKTwwShf2Qmkq0DBTf28kWCg1Er6ZFFgP1LQ3Fv/z2rHunbkJC6JY04BMHurFHOoQjjOBXSYp0XxkCCaSmb9CMsASE22SK5oQnOmTZ0mjUnZQ2bk9LlUv8jgKYBfsg0PggFNQBVegBuqAgEfwDF7Bm/VkvVjv1sdkdM7Kd3bAH1ifP5lDl+o=</latexit><latexit sha1_base64="EpZDpLmqrQUvoRdlX3I6zQSqgpQ=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSMkURVdSdONGqWAf0A5DJk3b0GRmSDJCGcaNG3/FjQtF3PoN7vwb0+kstPXA5R7OuZfkHj/iTGmEvq25+YXFpeXCSnF1bX1j097abqgwloTWSchD2fKxopwFtK6Z5rQVSYqFz2nTH16O/eY9lYqFwZ0eRdQVuB+wHiNYG8mz94SX3HhOepT1Snp+gtBD0pECXtNG6tklVEYZ4CxxclICOWqe/dXphiQWNNCEY6XaDoq0m2CpGeE0LXZiRSNMhrhP24YGWFDlJtkZKTwwShf2Qmkq0DBTf28kWCg1Er6ZFFgP1LQ3Fv/z2rHunbkJC6JY04BMHurFHOoQjjOBXSYp0XxkCCaSmb9CMsASE22SK5oQnOmTZ0mjUnZQ2bk9LlUv8jgKYBfsg0PggFNQBVegBuqAgEfwDF7Bm/VkvVjv1sdkdM7Kd3bAH1ifP5lDl+o=</latexit>

9/12/20 YASAMAN	FARZAN

mN1 = Y1v� mN2 = Y2v�
<latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit><latexit sha1_base64="gDSPQH8xnGkzF0qlZAsGp/x2Vts=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXQjFN24kgr2RqcMmTTThmYyQ5IplKGP4cZXceNCEbfd+Tam01lo6wmBn/87h+T8fsyZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CoqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDfnrTGVikXiSU9i2gvxQLCAEayN5dkXoZc+eGgKbzoegmPPjYcMQjc7GaoaBDteNWeeXXYqTlZwVaBclEFedc+euf2IJCEVmnCsVBc5se6lWGpGOJ2W3ETRGJMRHtCukQKHVPXSbLEpPDNOHwaRNFdomLm/J1IcKjUJfdMZYj1Uy2xu/se6iQ6ueykTcaKpIIuHgoRDHcF5SrDPJCWaT4zARDLzV0iGWGKiTZYlEwJaXnlVNKsV5FTQ42W5dpvHUQQn4BScAwSuQA3cgzpoAAKewSt4Bx/Wi/VmfVpfi9aClc8cgz9lzX4AFgmdSw==</latexit>

mZ0 = g v�/
p
2 > (g /Y1,2)500 MeV

<latexit sha1_base64="cJ51jZIei1+ccUUpvB1WB7hsVpA="></latexit><latexit sha1_base64="cJ51jZIei1+ccUUpvB1WB7hsVpA="></latexit><latexit sha1_base64="cJ51jZIei1+ccUUpvB1WB7hsVpA="></latexit><latexit sha1_base64="cJ51jZIei1+ccUUpvB1WB7hsVpA="></latexit>

No	bound	 from	supernova	and	BBN	or	Kaon decay



Can	we	escape	the	bounds?
Most	of	the	bounds	come	from	searching	the	last	charged	leptons.

Electroweak interactions:

The	dominant	decay	mode	in	our	model:	

N ! l↵ l̄�⌫
<latexit sha1_base64="maDafYXwkUwuwslyhivgmFNwG8Y=">AAACCHicbVBNSwMxFMzWr1q/qh49GCyCp7Irgh6LXjxJBVsL3bK8TV/b0Gx2SbJCWXr04l/x4kERr/4Eb/4b03YP2joQmMy8RzITJoJr47rfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1QtAouMSG4UZgK1EIUSjwPhxeTfz7B1Sax/LOjBLsRNCXvMcZGCsF5cMb38RUBD6IZADUD0FlYhz4IRp7k2lQrrhVdwq6SLycVEiOelD+8rsxSyOUhgnQuu25ielkoAxnAsclP9WYABtCH9uWSohQd7JpkDE9tkqX9mJljzR0qv7eyCDSehSFdjICM9Dz3kT8z2unpnfRybhMUoOSzR7qpYLa7JNWaJcrZEaMLAGmuP0rZQNQwIztrmRL8OYjL5LmadVzq97tWaV2mddRJAfkiJwQj5yTGrkmddIgjDySZ/JK3pwn58V5dz5mowUn39knf+B8/gBTg5mG</latexit><latexit sha1_base64="maDafYXwkUwuwslyhivgmFNwG8Y=">AAACCHicbVBNSwMxFMzWr1q/qh49GCyCp7Irgh6LXjxJBVsL3bK8TV/b0Gx2SbJCWXr04l/x4kERr/4Eb/4b03YP2joQmMy8RzITJoJr47rfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1QtAouMSG4UZgK1EIUSjwPhxeTfz7B1Sax/LOjBLsRNCXvMcZGCsF5cMb38RUBD6IZADUD0FlYhz4IRp7k2lQrrhVdwq6SLycVEiOelD+8rsxSyOUhgnQuu25ielkoAxnAsclP9WYABtCH9uWSohQd7JpkDE9tkqX9mJljzR0qv7eyCDSehSFdjICM9Dz3kT8z2unpnfRybhMUoOSzR7qpYLa7JNWaJcrZEaMLAGmuP0rZQNQwIztrmRL8OYjL5LmadVzq97tWaV2mddRJAfkiJwQj5yTGrkmddIgjDySZ/JK3pwn58V5dz5mowUn39knf+B8/gBTg5mG</latexit><latexit sha1_base64="maDafYXwkUwuwslyhivgmFNwG8Y=">AAACCHicbVBNSwMxFMzWr1q/qh49GCyCp7Irgh6LXjxJBVsL3bK8TV/b0Gx2SbJCWXr04l/x4kERr/4Eb/4b03YP2joQmMy8RzITJoJr47rfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1QtAouMSG4UZgK1EIUSjwPhxeTfz7B1Sax/LOjBLsRNCXvMcZGCsF5cMb38RUBD6IZADUD0FlYhz4IRp7k2lQrrhVdwq6SLycVEiOelD+8rsxSyOUhgnQuu25ielkoAxnAsclP9WYABtCH9uWSohQd7JpkDE9tkqX9mJljzR0qv7eyCDSehSFdjICM9Dz3kT8z2unpnfRybhMUoOSzR7qpYLa7JNWaJcrZEaMLAGmuP0rZQNQwIztrmRL8OYjL5LmadVzq97tWaV2mddRJAfkiJwQj5yTGrkmddIgjDySZ/JK3pwn58V5dz5mowUn39knf+B8/gBTg5mG</latexit><latexit sha1_base64="maDafYXwkUwuwslyhivgmFNwG8Y=">AAACCHicbVBNSwMxFMzWr1q/qh49GCyCp7Irgh6LXjxJBVsL3bK8TV/b0Gx2SbJCWXr04l/x4kERr/4Eb/4b03YP2joQmMy8RzITJoJr47rfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1QtAouMSG4UZgK1EIUSjwPhxeTfz7B1Sax/LOjBLsRNCXvMcZGCsF5cMb38RUBD6IZADUD0FlYhz4IRp7k2lQrrhVdwq6SLycVEiOelD+8rsxSyOUhgnQuu25ielkoAxnAsclP9WYABtCH9uWSohQd7JpkDE9tkqX9mJljzR0qv7eyCDSehSFdjICM9Dz3kT8z2unpnfRybhMUoOSzR7qpYLa7JNWaJcrZEaMLAGmuP0rZQNQwIztrmRL8OYjL5LmadVzq97tWaV2mddRJAfkiJwQj5yTGrkmddIgjDySZ/JK3pwn58V5dz5mowUn39knf+B8/gBTg5mG</latexit>

N ! Z 0⌫ Z 0 ! ⌫⌫̄
<latexit sha1_base64="25OLpFMeFh0ITitpK37wFpMzvY4=">AAACF3icbVDLSgMxFL3js9bXqEs3wSK6KjMi6LLoxpVUsA/sDCWTZtrQTGZIMkIZ+hdu/BU3LhRxqzv/xkw7iLaeEDiccy/JOUHCmdKO82UtLC4tr6yW1srrG5tb2/bOblPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfAy91v3VCoWi1s9Sqgf4b5gISNYG6lrV689HaO7I+SJFOXwfk4uGi83vADLzJBx1644VWcCNE/cglSgQL1rf3q9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52STXGB0apYfCWJorNJqovzcyHCk1igIzGWE9ULNeLv7ndVIdnvsZE0mqqSDTh8KUIxM3Lwn1mKRE85EhmEhm/orIAEtMtKmybEpwZyPPk+ZJ1XWq7s1ppXZR1FGCfTiAY3DhDGpwBXVoAIEHeIIXeLUerWfrzXqfji5Yxc4e/IH18Q0i/5w3</latexit><latexit sha1_base64="25OLpFMeFh0ITitpK37wFpMzvY4=">AAACF3icbVDLSgMxFL3js9bXqEs3wSK6KjMi6LLoxpVUsA/sDCWTZtrQTGZIMkIZ+hdu/BU3LhRxqzv/xkw7iLaeEDiccy/JOUHCmdKO82UtLC4tr6yW1srrG5tb2/bOblPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfAy91v3VCoWi1s9Sqgf4b5gISNYG6lrV689HaO7I+SJFOXwfk4uGi83vADLzJBx1644VWcCNE/cglSgQL1rf3q9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52STXGB0apYfCWJorNJqovzcyHCk1igIzGWE9ULNeLv7ndVIdnvsZE0mqqSDTh8KUIxM3Lwn1mKRE85EhmEhm/orIAEtMtKmybEpwZyPPk+ZJ1XWq7s1ppXZR1FGCfTiAY3DhDGpwBXVoAIEHeIIXeLUerWfrzXqfji5Yxc4e/IH18Q0i/5w3</latexit><latexit sha1_base64="25OLpFMeFh0ITitpK37wFpMzvY4=">AAACF3icbVDLSgMxFL3js9bXqEs3wSK6KjMi6LLoxpVUsA/sDCWTZtrQTGZIMkIZ+hdu/BU3LhRxqzv/xkw7iLaeEDiccy/JOUHCmdKO82UtLC4tr6yW1srrG5tb2/bOblPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfAy91v3VCoWi1s9Sqgf4b5gISNYG6lrV689HaO7I+SJFOXwfk4uGi83vADLzJBx1644VWcCNE/cglSgQL1rf3q9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52STXGB0apYfCWJorNJqovzcyHCk1igIzGWE9ULNeLv7ndVIdnvsZE0mqqSDTh8KUIxM3Lwn1mKRE85EhmEhm/orIAEtMtKmybEpwZyPPk+ZJ1XWq7s1ppXZR1FGCfTiAY3DhDGpwBXVoAIEHeIIXeLUerWfrzXqfji5Yxc4e/IH18Q0i/5w3</latexit><latexit sha1_base64="25OLpFMeFh0ITitpK37wFpMzvY4=">AAACF3icbVDLSgMxFL3js9bXqEs3wSK6KjMi6LLoxpVUsA/sDCWTZtrQTGZIMkIZ+hdu/BU3LhRxqzv/xkw7iLaeEDiccy/JOUHCmdKO82UtLC4tr6yW1srrG5tb2/bOblPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfAy91v3VCoWi1s9Sqgf4b5gISNYG6lrV689HaO7I+SJFOXwfk4uGi83vADLzJBx1644VWcCNE/cglSgQL1rf3q9mKQRFZpwrFTHdRLtZ1hqRjgdl71U0QSTIe7TjqECR1T52STXGB0apYfCWJorNJqovzcyHCk1igIzGWE9ULNeLv7ndVIdnvsZE0mqqSDTh8KUIxM3Lwn1mKRE85EhmEhm/orIAEtMtKmybEpwZyPPk+ZJ1XWq7s1ppXZR1FGCfTiAY3DhDGpwBXVoAIEHeIIXeLUerWfrzXqfji5Yxc4e/IH18Q0i/5w3</latexit>

9/10/20 YASAMAN	FARZAN



Lepton	flavor	violating	process
Violation	of	unitarity:

9/10/20 YASAMAN	FARZAN

⌫↵ mixes with N1
<latexit sha1_base64="/7YRaBwKml4oHK2iy/1tFC6JOG0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6LLoxpVUsA9oQphMJ83QmUmYmagl1B9w46+4caGIW9fu/BunbRbaeuDC4Zx7ufeeMGVUacf5tkpLyyura+X1ysbm1vaOvbvXVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXkz8zi2RiibiRo9S4nM0EDSiGGkjBXbNE1ngIZbGCHow9ySHnN4TBR/gHdXx2IhXgRvYVafuTAEXiVuQKijQDOwvr5/gjBOhMUNK9Vwn1X6OpKaYkXHFyxRJER6iAekZKhAnys+n74xhzSh9GCXSlNBwqv6eyBFXasRD08mRjtW8NxH/83qZjs78nIo000Tg2aIoY1AncJIN7FNJsGYjQxCW1NwKcYwkwtokWDEhuPMvL5L2cd116u71SbVxXsRRBgfgEBwBF5yCBrgETdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gCXqpsm</latexit><latexit sha1_base64="/7YRaBwKml4oHK2iy/1tFC6JOG0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6LLoxpVUsA9oQphMJ83QmUmYmagl1B9w46+4caGIW9fu/BunbRbaeuDC4Zx7ufeeMGVUacf5tkpLyyura+X1ysbm1vaOvbvXVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXkz8zi2RiibiRo9S4nM0EDSiGGkjBXbNE1ngIZbGCHow9ySHnN4TBR/gHdXx2IhXgRvYVafuTAEXiVuQKijQDOwvr5/gjBOhMUNK9Vwn1X6OpKaYkXHFyxRJER6iAekZKhAnys+n74xhzSh9GCXSlNBwqv6eyBFXasRD08mRjtW8NxH/83qZjs78nIo000Tg2aIoY1AncJIN7FNJsGYjQxCW1NwKcYwkwtokWDEhuPMvL5L2cd116u71SbVxXsRRBgfgEBwBF5yCBrgETdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gCXqpsm</latexit><latexit sha1_base64="/7YRaBwKml4oHK2iy/1tFC6JOG0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6LLoxpVUsA9oQphMJ83QmUmYmagl1B9w46+4caGIW9fu/BunbRbaeuDC4Zx7ufeeMGVUacf5tkpLyyura+X1ysbm1vaOvbvXVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXkz8zi2RiibiRo9S4nM0EDSiGGkjBXbNE1ngIZbGCHow9ySHnN4TBR/gHdXx2IhXgRvYVafuTAEXiVuQKijQDOwvr5/gjBOhMUNK9Vwn1X6OpKaYkXHFyxRJER6iAekZKhAnys+n74xhzSh9GCXSlNBwqv6eyBFXasRD08mRjtW8NxH/83qZjs78nIo000Tg2aIoY1AncJIN7FNJsGYjQxCW1NwKcYwkwtokWDEhuPMvL5L2cd116u71SbVxXsRRBgfgEBwBF5yCBrgETdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gCXqpsm</latexit><latexit sha1_base64="/7YRaBwKml4oHK2iy/1tFC6JOG0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6LLoxpVUsA9oQphMJ83QmUmYmagl1B9w46+4caGIW9fu/BunbRbaeuDC4Zx7ufeeMGVUacf5tkpLyyura+X1ysbm1vaOvbvXVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXkz8zi2RiibiRo9S4nM0EDSiGGkjBXbNE1ngIZbGCHow9ySHnN4TBR/gHdXx2IhXgRvYVafuTAEXiVuQKijQDOwvr5/gjBOhMUNK9Vwn1X6OpKaYkXHFyxRJER6iAekZKhAnys+n74xhzSh9GCXSlNBwqv6eyBFXasRD08mRjtW8NxH/83qZjs78nIo000Tg2aIoY1AncJIN7FNJsGYjQxCW1NwKcYwkwtokWDEhuPMvL5L2cd116u71SbVxXsRRBgfgEBwBF5yCBrgETdACGDyCZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gCXqpsm</latexit>

⌫� mixes with N2
<latexit sha1_base64="91w2x0yQNbJ5eNmEwP1fBwxUPB0=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIJVuBNBS9HGSiKYD8iFY28zMYu7e8funBqO+ANs/Cs2ForY2tv5b9x8FGp8MPB4b4aZeXEqhUXf//Kmpmdm5+YXFgtLyyura8X1jZpNMsOhyhOZmEbMLEihoYoCJTRSA0zFEurx9enAr9+AsSLRl9hLoaXYlRYdwRk6KSruhDqLwhiQ0ZDmoVFUiTuw9J7eCuz2nXge7UfFkl/2h6CTJBiTEhmjEhU/w3bCMwUauWTWNgM/xVbODAouoV8IMwsp49fsCpqOaqbAtvLhN32665Q27STGlUY6VH9O5ExZ21Ox61QMu/avNxD/85oZdo5audBphqD5aFEnkxQTOoiGtoUBjrLnCONGuFsp7zLDOLoACy6E4O/Lk6S2Xw78cnBxUDo+GcexQLbINtkjATkkx+SMVEiVcPJAnsgLefUevWfvzXsftU5545lN8gvexzfEWpqz</latexit><latexit sha1_base64="91w2x0yQNbJ5eNmEwP1fBwxUPB0=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIJVuBNBS9HGSiKYD8iFY28zMYu7e8funBqO+ANs/Cs2ForY2tv5b9x8FGp8MPB4b4aZeXEqhUXf//Kmpmdm5+YXFgtLyyura8X1jZpNMsOhyhOZmEbMLEihoYoCJTRSA0zFEurx9enAr9+AsSLRl9hLoaXYlRYdwRk6KSruhDqLwhiQ0ZDmoVFUiTuw9J7eCuz2nXge7UfFkl/2h6CTJBiTEhmjEhU/w3bCMwUauWTWNgM/xVbODAouoV8IMwsp49fsCpqOaqbAtvLhN32665Q27STGlUY6VH9O5ExZ21Ox61QMu/avNxD/85oZdo5audBphqD5aFEnkxQTOoiGtoUBjrLnCONGuFsp7zLDOLoACy6E4O/Lk6S2Xw78cnBxUDo+GcexQLbINtkjATkkx+SMVEiVcPJAnsgLefUevWfvzXsftU5545lN8gvexzfEWpqz</latexit><latexit sha1_base64="91w2x0yQNbJ5eNmEwP1fBwxUPB0=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIJVuBNBS9HGSiKYD8iFY28zMYu7e8funBqO+ANs/Cs2ForY2tv5b9x8FGp8MPB4b4aZeXEqhUXf//Kmpmdm5+YXFgtLyyura8X1jZpNMsOhyhOZmEbMLEihoYoCJTRSA0zFEurx9enAr9+AsSLRl9hLoaXYlRYdwRk6KSruhDqLwhiQ0ZDmoVFUiTuw9J7eCuz2nXge7UfFkl/2h6CTJBiTEhmjEhU/w3bCMwUauWTWNgM/xVbODAouoV8IMwsp49fsCpqOaqbAtvLhN32665Q27STGlUY6VH9O5ExZ21Ox61QMu/avNxD/85oZdo5audBphqD5aFEnkxQTOoiGtoUBjrLnCONGuFsp7zLDOLoACy6E4O/Lk6S2Xw78cnBxUDo+GcexQLbINtkjATkkx+SMVEiVcPJAnsgLefUevWfvzXsftU5545lN8gvexzfEWpqz</latexit><latexit sha1_base64="91w2x0yQNbJ5eNmEwP1fBwxUPB0=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIJVuBNBS9HGSiKYD8iFY28zMYu7e8funBqO+ANs/Cs2ForY2tv5b9x8FGp8MPB4b4aZeXEqhUXf//Kmpmdm5+YXFgtLyyura8X1jZpNMsOhyhOZmEbMLEihoYoCJTRSA0zFEurx9enAr9+AsSLRl9hLoaXYlRYdwRk6KSruhDqLwhiQ0ZDmoVFUiTuw9J7eCuz2nXge7UfFkl/2h6CTJBiTEhmjEhU/w3bCMwUauWTWNgM/xVbODAouoV8IMwsp49fsCpqOaqbAtvLhN32665Q27STGlUY6VH9O5ExZ21Ox61QMu/avNxD/85oZdo5audBphqD5aFEnkxQTOoiGtoUBjrLnCONGuFsp7zLDOLoACy6E4O/Lk6S2Xw78cnBxUDo+GcexQLbINtkjATkkx+SMVEiVcPJAnsgLefUevWfvzXsftU5545lN8gvexzfEWpqz</latexit>



Violation	of	unitarity of	the	mixing	matrix
Z ! invisibles

<latexit sha1_base64="XpFVdWsLJnBDJ7SvZnT7+5kzY3A=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjgi6LblxWsA/sDCWTZtrQJDMkmUIZCv6KGxeKuPU73Pk3pu0stPVA4HDOPeTeE6WcaeN5387K6tr6xmZpq7y9s7u37x4cNnWSKUIbJOGJakdYU84kbRhmOG2nimIRcdqKhrdTvzWiSrNEPphxSkOB+5LFjGBjpa57/BiYBOWBEojJEdPMBvWk61a8qjcDWiZ+QSpQoN51v4JeQjJBpSEca93xvdSEOVaGEU4n5SDTNMVkiPu0Y6nEguown60/QWdW6aE4UfZJg2bq70SOhdZjEdlJgc1AL3pT8T+vk5n4OsyZTDNDJZl/FGcc2YunXaAeU5QYPrYEE8XsrogMsMLE2MbKtgR/8eRl0ryo+l7Vv7+s1G6KOkpwAqdwDj5cQQ3uoA4NIJDDM7zCm/PkvDjvzsd8dMUpMkfwB87nD2NJlcE=</latexit><latexit sha1_base64="XpFVdWsLJnBDJ7SvZnT7+5kzY3A=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjgi6LblxWsA/sDCWTZtrQJDMkmUIZCv6KGxeKuPU73Pk3pu0stPVA4HDOPeTeE6WcaeN5387K6tr6xmZpq7y9s7u37x4cNnWSKUIbJOGJakdYU84kbRhmOG2nimIRcdqKhrdTvzWiSrNEPphxSkOB+5LFjGBjpa57/BiYBOWBEojJEdPMBvWk61a8qjcDWiZ+QSpQoN51v4JeQjJBpSEca93xvdSEOVaGEU4n5SDTNMVkiPu0Y6nEguown60/QWdW6aE4UfZJg2bq70SOhdZjEdlJgc1AL3pT8T+vk5n4OsyZTDNDJZl/FGcc2YunXaAeU5QYPrYEE8XsrogMsMLE2MbKtgR/8eRl0ryo+l7Vv7+s1G6KOkpwAqdwDj5cQQ3uoA4NIJDDM7zCm/PkvDjvzsd8dMUpMkfwB87nD2NJlcE=</latexit><latexit sha1_base64="XpFVdWsLJnBDJ7SvZnT7+5kzY3A=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjgi6LblxWsA/sDCWTZtrQJDMkmUIZCv6KGxeKuPU73Pk3pu0stPVA4HDOPeTeE6WcaeN5387K6tr6xmZpq7y9s7u37x4cNnWSKUIbJOGJakdYU84kbRhmOG2nimIRcdqKhrdTvzWiSrNEPphxSkOB+5LFjGBjpa57/BiYBOWBEojJEdPMBvWk61a8qjcDWiZ+QSpQoN51v4JeQjJBpSEca93xvdSEOVaGEU4n5SDTNMVkiPu0Y6nEguown60/QWdW6aE4UfZJg2bq70SOhdZjEdlJgc1AL3pT8T+vk5n4OsyZTDNDJZl/FGcc2YunXaAeU5QYPrYEE8XsrogMsMLE2MbKtgR/8eRl0ryo+l7Vv7+s1G6KOkpwAqdwDj5cQQ3uoA4NIJDDM7zCm/PkvDjvzsd8dMUpMkfwB87nD2NJlcE=</latexit><latexit sha1_base64="XpFVdWsLJnBDJ7SvZnT7+5kzY3A=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjgi6LblxWsA/sDCWTZtrQJDMkmUIZCv6KGxeKuPU73Pk3pu0stPVA4HDOPeTeE6WcaeN5387K6tr6xmZpq7y9s7u37x4cNnWSKUIbJOGJakdYU84kbRhmOG2nimIRcdqKhrdTvzWiSrNEPphxSkOB+5LFjGBjpa57/BiYBOWBEojJEdPMBvWk61a8qjcDWiZ+QSpQoN51v4JeQjJBpSEca93xvdSEOVaGEU4n5SDTNMVkiPu0Y6nEguown60/QWdW6aE4UfZJg2bq70SOhdZjEdlJgc1AL3pT8T+vk5n4OsyZTDNDJZl/FGcc2YunXaAeU5QYPrYEE8XsrogMsMLE2MbKtgR/8eRl0ryo+l7Vv7+s1G6KOkpwAqdwDj5cQQ3uoA4NIJDDM7zCm/PkvDjvzsd8dMUpMkfwB87nD2NJlcE=</latexit>

W ! l +missing energy
<latexit sha1_base64="cGzSyYO0gqNBxQtb8gA7xR5P6v0=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgCGVGBF0W3bisYB/QDiWT3rahSWZIMsIw1I0bf8WNC0Xc+g3u/BvTdhbaeiBwOOdebs4JY8608bxvp7C0vLK6VlwvbWxube+4u3sNHSWKQp1GPFKtkGjgTELdMMOhFSsgIuTQDEfXE795D0qzSN6ZNIZAkIFkfUaJsVLXPWx2TIT5adZRAgumNZMD/IBBghqk465b9ireFHiR+Dkpoxy1rvvV6UU0ESAN5UTrtu/FJsiIMoxyGJc6iYaY0BEZQNtSSQToIJvGGONjq/RwP1L2SYOn6u+NjAitUxHaSUHMUM97E/E/r52Y/mWQMRknBiSdHeonHNvkk05wjymghqeWEKqY/SumQ6IINba5ki3Bn4+8SBpnFd+r+Lfn5epVXkcRHaAjdIJ8dIGq6AbVUB1R9Iie0St6c56cF+fd+ZiNFpx8Zx/9gfP5A8iUmK8=</latexit><latexit sha1_base64="cGzSyYO0gqNBxQtb8gA7xR5P6v0=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgCGVGBF0W3bisYB/QDiWT3rahSWZIMsIw1I0bf8WNC0Xc+g3u/BvTdhbaeiBwOOdebs4JY8608bxvp7C0vLK6VlwvbWxube+4u3sNHSWKQp1GPFKtkGjgTELdMMOhFSsgIuTQDEfXE795D0qzSN6ZNIZAkIFkfUaJsVLXPWx2TIT5adZRAgumNZMD/IBBghqk465b9ireFHiR+Dkpoxy1rvvV6UU0ESAN5UTrtu/FJsiIMoxyGJc6iYaY0BEZQNtSSQToIJvGGONjq/RwP1L2SYOn6u+NjAitUxHaSUHMUM97E/E/r52Y/mWQMRknBiSdHeonHNvkk05wjymghqeWEKqY/SumQ6IINba5ki3Bn4+8SBpnFd+r+Lfn5epVXkcRHaAjdIJ8dIGq6AbVUB1R9Iie0St6c56cF+fd+ZiNFpx8Zx/9gfP5A8iUmK8=</latexit><latexit sha1_base64="cGzSyYO0gqNBxQtb8gA7xR5P6v0=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgCGVGBF0W3bisYB/QDiWT3rahSWZIMsIw1I0bf8WNC0Xc+g3u/BvTdhbaeiBwOOdebs4JY8608bxvp7C0vLK6VlwvbWxube+4u3sNHSWKQp1GPFKtkGjgTELdMMOhFSsgIuTQDEfXE795D0qzSN6ZNIZAkIFkfUaJsVLXPWx2TIT5adZRAgumNZMD/IBBghqk465b9ireFHiR+Dkpoxy1rvvV6UU0ESAN5UTrtu/FJsiIMoxyGJc6iYaY0BEZQNtSSQToIJvGGONjq/RwP1L2SYOn6u+NjAitUxHaSUHMUM97E/E/r52Y/mWQMRknBiSdHeonHNvkk05wjymghqeWEKqY/SumQ6IINba5ki3Bn4+8SBpnFd+r+Lfn5epVXkcRHaAjdIJ8dIGq6AbVUB1R9Iie0St6c56cF+fd+ZiNFpx8Zx/9gfP5A8iUmK8=</latexit><latexit sha1_base64="cGzSyYO0gqNBxQtb8gA7xR5P6v0=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgCGVGBF0W3bisYB/QDiWT3rahSWZIMsIw1I0bf8WNC0Xc+g3u/BvTdhbaeiBwOOdebs4JY8608bxvp7C0vLK6VlwvbWxube+4u3sNHSWKQp1GPFKtkGjgTELdMMOhFSsgIuTQDEfXE795D0qzSN6ZNIZAkIFkfUaJsVLXPWx2TIT5adZRAgumNZMD/IBBghqk465b9ireFHiR+Dkpoxy1rvvV6UU0ESAN5UTrtu/FJsiIMoxyGJc6iYaY0BEZQNtSSQToIJvGGONjq/RwP1L2SYOn6u+NjAitUxHaSUHMUM97E/E/r52Y/mWQMRknBiSdHeonHNvkk05wjymghqeWEKqY/SumQ6IINba5ki3Bn4+8SBpnFd+r+Lfn5epVXkcRHaAjdIJ8dIGq6AbVUB1R9Iie0St6c56cF+fd+ZiNFpx8Zx/9gfP5A8iUmK8=</latexit>

Deviation	from	SM	is	
Suppressed	both	by																																													and															

sin

2 ↵ or sin

2 �
<latexit sha1_base64="SPP0B6KANJX58hzOqi6DDgp3Q4Y=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5IUQY9FLx4r2A9oYplsN+3SzSbsboQS2rMX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AlCUM0GbmmlOO4mkEAWctoPR9cxvP1CpWCzu9DihfgQDwUJGQBupZ5c9xcR9zQOeDGGaeTLCsZzgaS4HVEPPrjhVZw68StycVFCORs/+8voxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/Nf5ngU6P0cRhLU0Ljufp7IoNIqXEUmM4I9FAtezPxP6+b6vDSz5hIUk0FWSwKU451jGfB4D6TlGg+NgSIZOZWTIYggWgTX8mE4C6/vEpatarrVN3b80r9Ko+jiE5QGZ0hF12gOrpBDdREBD2iZ/SK3qwn68V6tz4WrQUrnzlGf2B9/gAf8JsV</latexit><latexit sha1_base64="SPP0B6KANJX58hzOqi6DDgp3Q4Y=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5IUQY9FLx4r2A9oYplsN+3SzSbsboQS2rMX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AlCUM0GbmmlOO4mkEAWctoPR9cxvP1CpWCzu9DihfgQDwUJGQBupZ5c9xcR9zQOeDGGaeTLCsZzgaS4HVEPPrjhVZw68StycVFCORs/+8voxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/Nf5ngU6P0cRhLU0Ljufp7IoNIqXEUmM4I9FAtezPxP6+b6vDSz5hIUk0FWSwKU451jGfB4D6TlGg+NgSIZOZWTIYggWgTX8mE4C6/vEpatarrVN3b80r9Ko+jiE5QGZ0hF12gOrpBDdREBD2iZ/SK3qwn68V6tz4WrQUrnzlGf2B9/gAf8JsV</latexit><latexit sha1_base64="SPP0B6KANJX58hzOqi6DDgp3Q4Y=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5IUQY9FLx4r2A9oYplsN+3SzSbsboQS2rMX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AlCUM0GbmmlOO4mkEAWctoPR9cxvP1CpWCzu9DihfgQDwUJGQBupZ5c9xcR9zQOeDGGaeTLCsZzgaS4HVEPPrjhVZw68StycVFCORs/+8voxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/Nf5ngU6P0cRhLU0Ljufp7IoNIqXEUmM4I9FAtezPxP6+b6vDSz5hIUk0FWSwKU451jGfB4D6TlGg+NgSIZOZWTIYggWgTX8mE4C6/vEpatarrVN3b80r9Ko+jiE5QGZ0hF12gOrpBDdREBD2iZ/SK3qwn68V6tz4WrQUrnzlGf2B9/gAf8JsV</latexit><latexit sha1_base64="SPP0B6KANJX58hzOqi6DDgp3Q4Y=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5IUQY9FLx4r2A9oYplsN+3SzSbsboQS2rMX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKk4loU0S81h2AlCUM0GbmmlOO4mkEAWctoPR9cxvP1CpWCzu9DihfgQDwUJGQBupZ5c9xcR9zQOeDGGaeTLCsZzgaS4HVEPPrjhVZw68StycVFCORs/+8voxSSMqNOGgVNd1Eu1nIDUjnE5KXqpoAmQEA9o1VEBElZ/Nf5ngU6P0cRhLU0Ljufp7IoNIqXEUmM4I9FAtezPxP6+b6vDSz5hIUk0FWSwKU451jGfB4D6TlGg+NgSIZOZWTIYggWgTX8mE4C6/vEpatarrVN3b80r9Ko+jiE5QGZ0hF12gOrpBDdREBD2iZ/SK3qwn68V6tz4WrQUrnzlGf2B9/gAf8JsV</latexit>
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W

◆

<latexit sha1_base64="5b9I46sRqie9W6SLT1xGDJg4/Uo=">AAACCnicbVDLSsNAFJ3UV62vqEs30SLUTUmKoMuiG1dawT6giWEynbRDZ5IwcyOU0LUbf8WNC0Xc+gXu/BunbRbaemC4h3Pu5c49QcKZAtv+NgpLyyura8X10sbm1vaOubvXUnEqCW2SmMeyE2BFOYtoExhw2kkkxSLgtB0MLyd++4FKxeLoDkYJ9QTuRyxkBIOWfPPwxuU0hIobSkwy4V/f18a6tHVxJesP4MQ3y3bVnsJaJE5OyihHwze/3F5MUkEjIBwr1XXsBLwMS2CE03HJTRVNMBniPu1qGmFBlZdNTxlbx1rpWWEs9YvAmqq/JzIslBqJQHcKDAM1703E/7xuCuG5l7EoSYFGZLYoTLkFsTXJxeoxSQnwkSaYSKb/apEB1qGATq+kQ3DmT14krVrVsavO7Wm5fpHHUUQH6AhVkIPOUB1doQZqIoIe0TN6RW/Gk/FivBsfs9aCkc/soz8wPn8A3T2aWw==</latexit><latexit sha1_base64="5b9I46sRqie9W6SLT1xGDJg4/Uo=">AAACCnicbVDLSsNAFJ3UV62vqEs30SLUTUmKoMuiG1dawT6giWEynbRDZ5IwcyOU0LUbf8WNC0Xc+gXu/BunbRbaemC4h3Pu5c49QcKZAtv+NgpLyyura8X10sbm1vaOubvXUnEqCW2SmMeyE2BFOYtoExhw2kkkxSLgtB0MLyd++4FKxeLoDkYJ9QTuRyxkBIOWfPPwxuU0hIobSkwy4V/f18a6tHVxJesP4MQ3y3bVnsJaJE5OyihHwze/3F5MUkEjIBwr1XXsBLwMS2CE03HJTRVNMBniPu1qGmFBlZdNTxlbx1rpWWEs9YvAmqq/JzIslBqJQHcKDAM1703E/7xuCuG5l7EoSYFGZLYoTLkFsTXJxeoxSQnwkSaYSKb/apEB1qGATq+kQ3DmT14krVrVsavO7Wm5fpHHUUQH6AhVkIPOUB1doQZqIoIe0TN6RW/Gk/FivBsfs9aCkc/soz8wPn8A3T2aWw==</latexit><latexit sha1_base64="5b9I46sRqie9W6SLT1xGDJg4/Uo=">AAACCnicbVDLSsNAFJ3UV62vqEs30SLUTUmKoMuiG1dawT6giWEynbRDZ5IwcyOU0LUbf8WNC0Xc+gXu/BunbRbaemC4h3Pu5c49QcKZAtv+NgpLyyura8X10sbm1vaOubvXUnEqCW2SmMeyE2BFOYtoExhw2kkkxSLgtB0MLyd++4FKxeLoDkYJ9QTuRyxkBIOWfPPwxuU0hIobSkwy4V/f18a6tHVxJesP4MQ3y3bVnsJaJE5OyihHwze/3F5MUkEjIBwr1XXsBLwMS2CE03HJTRVNMBniPu1qGmFBlZdNTxlbx1rpWWEs9YvAmqq/JzIslBqJQHcKDAM1703E/7xuCuG5l7EoSYFGZLYoTLkFsTXJxeoxSQnwkSaYSKb/apEB1qGATq+kQ3DmT14krVrVsavO7Wm5fpHHUUQH6AhVkIPOUB1doQZqIoIe0TN6RW/Gk/FivBsfs9aCkc/soz8wPn8A3T2aWw==</latexit><latexit sha1_base64="5b9I46sRqie9W6SLT1xGDJg4/Uo=">AAACCnicbVDLSsNAFJ3UV62vqEs30SLUTUmKoMuiG1dawT6giWEynbRDZ5IwcyOU0LUbf8WNC0Xc+gXu/BunbRbaemC4h3Pu5c49QcKZAtv+NgpLyyura8X10sbm1vaOubvXUnEqCW2SmMeyE2BFOYtoExhw2kkkxSLgtB0MLyd++4FKxeLoDkYJ9QTuRyxkBIOWfPPwxuU0hIobSkwy4V/f18a6tHVxJesP4MQ3y3bVnsJaJE5OyihHwze/3F5MUkEjIBwr1XXsBLwMS2CE03HJTRVNMBniPu1qGmFBlZdNTxlbx1rpWWEs9YvAmqq/JzIslBqJQHcKDAM1703E/7xuCuG5l7EoSYFGZLYoTLkFsTXJxeoxSQnwkSaYSKb/apEB1qGATq+kQ3DmT14krVrVsavO7Wm5fpHHUUQH6AhVkIPOUB1doQZqIoIe0TN6RW/Gk/FivBsfs9aCkc/soz8wPn8A3T2aWw==</latexit>

9/10/20 YASAMAN	FARZAN

sin↵, sin� < 0.03
<latexit sha1_base64="E5HRLEjWkFlkvsMMYHzR/UnQY78=">AAACBnicbVDLSgMxFM34rPVVdSlCsAgupMyooAsXRTcuK9gHdEq5k6ZtaCYzJHeEMnTlxl9x40IRt36DO//GtJ2Fth4IOTnnXm7uCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwIwXArFqyhQ8kasOYSB5PVgcDP26w9cGxGpexzGvBVCT4muYIBWahcOfCMU9UHGfaAndPoKOMKVW3LP2oWivSag88TLSJFkqLQLX34nYknIFTIJxjQ9N8ZWChoFk3yU9xPDY2AD6PGmpQpCblrpZI0RPbJKh3YjbY9COlF/d6QQGjMMA1sZAvbNrDcW//OaCXYvW6lQcYJcsemgbiIpRnScCe0IzRnKoSXAtLB/pawPGhja5PI2BG925XlSOy15bsm7Oy+Wr7M4cmSfHJJj4pELUia3pEKqhJFH8kxeyZvz5Lw4787HtHTByXr2yB84nz9eE5cc</latexit><latexit sha1_base64="E5HRLEjWkFlkvsMMYHzR/UnQY78=">AAACBnicbVDLSgMxFM34rPVVdSlCsAgupMyooAsXRTcuK9gHdEq5k6ZtaCYzJHeEMnTlxl9x40IRt36DO//GtJ2Fth4IOTnnXm7uCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwIwXArFqyhQ8kasOYSB5PVgcDP26w9cGxGpexzGvBVCT4muYIBWahcOfCMU9UHGfaAndPoKOMKVW3LP2oWivSag88TLSJFkqLQLX34nYknIFTIJxjQ9N8ZWChoFk3yU9xPDY2AD6PGmpQpCblrpZI0RPbJKh3YjbY9COlF/d6QQGjMMA1sZAvbNrDcW//OaCXYvW6lQcYJcsemgbiIpRnScCe0IzRnKoSXAtLB/pawPGhja5PI2BG925XlSOy15bsm7Oy+Wr7M4cmSfHJJj4pELUia3pEKqhJFH8kxeyZvz5Lw4787HtHTByXr2yB84nz9eE5cc</latexit><latexit sha1_base64="E5HRLEjWkFlkvsMMYHzR/UnQY78=">AAACBnicbVDLSgMxFM34rPVVdSlCsAgupMyooAsXRTcuK9gHdEq5k6ZtaCYzJHeEMnTlxl9x40IRt36DO//GtJ2Fth4IOTnnXm7uCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwIwXArFqyhQ8kasOYSB5PVgcDP26w9cGxGpexzGvBVCT4muYIBWahcOfCMU9UHGfaAndPoKOMKVW3LP2oWivSag88TLSJFkqLQLX34nYknIFTIJxjQ9N8ZWChoFk3yU9xPDY2AD6PGmpQpCblrpZI0RPbJKh3YjbY9COlF/d6QQGjMMA1sZAvbNrDcW//OaCXYvW6lQcYJcsemgbiIpRnScCe0IzRnKoSXAtLB/pawPGhja5PI2BG925XlSOy15bsm7Oy+Wr7M4cmSfHJJj4pELUia3pEKqhJFH8kxeyZvz5Lw4787HtHTByXr2yB84nz9eE5cc</latexit><latexit sha1_base64="E5HRLEjWkFlkvsMMYHzR/UnQY78=">AAACBnicbVDLSgMxFM34rPVVdSlCsAgupMyooAsXRTcuK9gHdEq5k6ZtaCYzJHeEMnTlxl9x40IRt36DO//GtJ2Fth4IOTnnXm7uCWIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwIwXArFqyhQ8kasOYSB5PVgcDP26w9cGxGpexzGvBVCT4muYIBWahcOfCMU9UHGfaAndPoKOMKVW3LP2oWivSag88TLSJFkqLQLX34nYknIFTIJxjQ9N8ZWChoFk3yU9xPDY2AD6PGmpQpCblrpZI0RPbJKh3YjbY9COlF/d6QQGjMMA1sZAvbNrDcW//OaCXYvW6lQcYJcsemgbiIpRnScCe0IzRnKoSXAtLB/pawPGhja5PI2BG925XlSOy15bsm7Oy+Wr7M4cmSfHJJj4pELUia3pEKqhJFH8kxeyZvz5Lw4787HtHTByXr2yB84nz9eE5cc</latexit>
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LFV	charged	lepton	decay

One-loop	effect	

PDG:

Br(µ ! eZ 0) < 10�5
<latexit sha1_base64="gTFx7XmKNJrb16Fr7onq3TYbWtY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR68IyI4ouXJS6cVnBPrAzlkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NaTsLrR4IHM65l5tzgphRpR3ny8rNzS8sLuWXCyura+sb9uZWQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcDn2m/dEKhqJGz2Mic9RT9CQYqSN1LF3qrLk8QR6OoIE3h4cXrjOXXp0OurYRafsTAD/EjcjRZCh1rE/vW6EE06Exgwp1XadWPspkppiRkYFL1EkRniAeqRtqECcKD+dJBjBfaN0YRhJ84SGE/XnRoq4UkMemEmOdF/NemPxP6+d6PDcT6mIE00Enh4KEwZN3HEdsEslwZoNDUFYUvNXiPtIIqxNaQVTgjsb+S9pHJddp+xenxQr1ayOPNgFe6AEXHAGKuAK1EAdYPAAnsALeLUerWfrzXqfjuasbGcb/IL18Q0YypS4</latexit><latexit sha1_base64="gTFx7XmKNJrb16Fr7onq3TYbWtY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR68IyI4ouXJS6cVnBPrAzlkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NaTsLrR4IHM65l5tzgphRpR3ny8rNzS8sLuWXCyura+sb9uZWQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcDn2m/dEKhqJGz2Mic9RT9CQYqSN1LF3qrLk8QR6OoIE3h4cXrjOXXp0OurYRafsTAD/EjcjRZCh1rE/vW6EE06Exgwp1XadWPspkppiRkYFL1EkRniAeqRtqECcKD+dJBjBfaN0YRhJ84SGE/XnRoq4UkMemEmOdF/NemPxP6+d6PDcT6mIE00Enh4KEwZN3HEdsEslwZoNDUFYUvNXiPtIIqxNaQVTgjsb+S9pHJddp+xenxQr1ayOPNgFe6AEXHAGKuAK1EAdYPAAnsALeLUerWfrzXqfjuasbGcb/IL18Q0YypS4</latexit><latexit sha1_base64="gTFx7XmKNJrb16Fr7onq3TYbWtY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR68IyI4ouXJS6cVnBPrAzlkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NaTsLrR4IHM65l5tzgphRpR3ny8rNzS8sLuWXCyura+sb9uZWQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcDn2m/dEKhqJGz2Mic9RT9CQYqSN1LF3qrLk8QR6OoIE3h4cXrjOXXp0OurYRafsTAD/EjcjRZCh1rE/vW6EE06Exgwp1XadWPspkppiRkYFL1EkRniAeqRtqECcKD+dJBjBfaN0YRhJ84SGE/XnRoq4UkMemEmOdF/NemPxP6+d6PDcT6mIE00Enh4KEwZN3HEdsEslwZoNDUFYUvNXiPtIIqxNaQVTgjsb+S9pHJddp+xenxQr1ayOPNgFe6AEXHAGKuAK1EAdYPAAnsALeLUerWfrzXqfjuasbGcb/IL18Q0YypS4</latexit><latexit sha1_base64="gTFx7XmKNJrb16Fr7onq3TYbWtY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR68IyI4ouXJS6cVnBPrAzlkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NaTsLrR4IHM65l5tzgphRpR3ny8rNzS8sLuWXCyura+sb9uZWQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcDn2m/dEKhqJGz2Mic9RT9CQYqSN1LF3qrLk8QR6OoIE3h4cXrjOXXp0OurYRafsTAD/EjcjRZCh1rE/vW6EE06Exgwp1XadWPspkppiRkYFL1EkRniAeqRtqECcKD+dJBjBfaN0YRhJ84SGE/XnRoq4UkMemEmOdF/NemPxP6+d6PDcT6mIE00Enh4KEwZN3HEdsEslwZoNDUFYUvNXiPtIIqxNaQVTgjsb+S9pHJddp+xenxQr1ayOPNgFe6AEXHAGKuAK1EAdYPAAnsALeLUerWfrzXqfjuasbGcb/IL18Q0YypS4</latexit>

Heeck and	Rodejohann,
PLB776	(2018)	385

Close	to	the	prediction	 for				 and												mZ0 ⇠ 10 MeV
<latexit sha1_base64="oJ6MNtzSGlajGKt8SfzfXFZJQBo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVEBF0W3bgRKtgHNiFMppN26MwkzEyEEtKNv+LGhSJu/Qt3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Oryd++5FIRWNxr0cJ8TnqCxpRjLSRAvuAB9nDSe4pyqHrwHHmSQ5vSSsP7KpTc6aAi8QtSBUUaAT2l9eLccqJ0Jghpbquk2g/Q1JTzEhe8VJFEoSHqE+6hgrEifKz6Qc5PDZKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEeXfkZFkmoi8GxRlDKoYziJA/aoJFizkSEIS2puhXiAJMLahFYxIbjzLy+S1lnNdWru3Xm1flXEUQaH4AicAhdcgDq4AQ3QBBiMwTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AFbCV/w==</latexit><latexit sha1_base64="oJ6MNtzSGlajGKt8SfzfXFZJQBo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVEBF0W3bgRKtgHNiFMppN26MwkzEyEEtKNv+LGhSJu/Qt3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Oryd++5FIRWNxr0cJ8TnqCxpRjLSRAvuAB9nDSe4pyqHrwHHmSQ5vSSsP7KpTc6aAi8QtSBUUaAT2l9eLccqJ0Jghpbquk2g/Q1JTzEhe8VJFEoSHqE+6hgrEifKz6Qc5PDZKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEeXfkZFkmoi8GxRlDKoYziJA/aoJFizkSEIS2puhXiAJMLahFYxIbjzLy+S1lnNdWru3Xm1flXEUQaH4AicAhdcgDq4AQ3QBBiMwTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AFbCV/w==</latexit><latexit sha1_base64="oJ6MNtzSGlajGKt8SfzfXFZJQBo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVEBF0W3bgRKtgHNiFMppN26MwkzEyEEtKNv+LGhSJu/Qt3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Oryd++5FIRWNxr0cJ8TnqCxpRjLSRAvuAB9nDSe4pyqHrwHHmSQ5vSSsP7KpTc6aAi8QtSBUUaAT2l9eLccqJ0Jghpbquk2g/Q1JTzEhe8VJFEoSHqE+6hgrEifKz6Qc5PDZKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEeXfkZFkmoi8GxRlDKoYziJA/aoJFizkSEIS2puhXiAJMLahFYxIbjzLy+S1lnNdWru3Xm1flXEUQaH4AicAhdcgDq4AQ3QBBiMwTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AFbCV/w==</latexit><latexit sha1_base64="oJ6MNtzSGlajGKt8SfzfXFZJQBo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVEBF0W3bgRKtgHNiFMppN26MwkzEyEEtKNv+LGhSJu/Qt3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Oryd++5FIRWNxr0cJ8TnqCxpRjLSRAvuAB9nDSe4pyqHrwHHmSQ5vSSsP7KpTc6aAi8QtSBUUaAT2l9eLccqJ0Jghpbquk2g/Q1JTzEhe8VJFEoSHqE+6hgrEifKz6Qc5PDZKD0axNCU0nKq/JzLElRrx0HRypAdq3puI/3ndVEeXfkZFkmoi8GxRlDKoYziJA/aoJFizkSEIS2puhXiAJMLahFYxIbjzLy+S1lnNdWru3Xm1flXEUQaH4AicAhdcgDq4AQ3QBBiMwTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AFbCV/w==</latexit>

9/10/20 YASAMAN	FARZAN

(g⌫)µe ⇠ 10�3
<latexit sha1_base64="p2VWv8azZaw4noaCqu3iJ7agqrw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBV0W3bisYB/QxDCZTtqhM5MwD6GErNz4K25cKOLWb3Dn35i0XWj1wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6etYiMxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxxdFX7nnkhFY3GrxwnxORoIGlGMdC4F9n5tEHjCHAWpxw0kGfQU5dB17tLj06wS2FWn7kwA/xJ3RqpghmZgf3r9GBtOhMYMKdVznUT7KZKaYkayimcUSRAeoQHp5VQgTpSfTt7I4GGu9GEUy7yEhhP150SKuFJjHuadHOmhmvcK8T+vZ3R04adUJEYTgaeLIsOgjmGRCexTSbBm45wgLGl+K8RDJBHWeXJFCO78y39J+6TuOnX35qzauJzFUQZ74ADUgAvOQQNcgyZoAQwewBN4Aa/Wo/VsvVnv09aSNZvZBb9gfXwDma+XQw==</latexit><latexit sha1_base64="p2VWv8azZaw4noaCqu3iJ7agqrw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBV0W3bisYB/QxDCZTtqhM5MwD6GErNz4K25cKOLWb3Dn35i0XWj1wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6etYiMxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxxdFX7nnkhFY3GrxwnxORoIGlGMdC4F9n5tEHjCHAWpxw0kGfQU5dB17tLj06wS2FWn7kwA/xJ3RqpghmZgf3r9GBtOhMYMKdVznUT7KZKaYkayimcUSRAeoQHp5VQgTpSfTt7I4GGu9GEUy7yEhhP150SKuFJjHuadHOmhmvcK8T+vZ3R04adUJEYTgaeLIsOgjmGRCexTSbBm45wgLGl+K8RDJBHWeXJFCO78y39J+6TuOnX35qzauJzFUQZ74ADUgAvOQQNcgyZoAQwewBN4Aa/Wo/VsvVnv09aSNZvZBb9gfXwDma+XQw==</latexit><latexit sha1_base64="p2VWv8azZaw4noaCqu3iJ7agqrw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBV0W3bisYB/QxDCZTtqhM5MwD6GErNz4K25cKOLWb3Dn35i0XWj1wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6etYiMxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxxdFX7nnkhFY3GrxwnxORoIGlGMdC4F9n5tEHjCHAWpxw0kGfQU5dB17tLj06wS2FWn7kwA/xJ3RqpghmZgf3r9GBtOhMYMKdVznUT7KZKaYkayimcUSRAeoQHp5VQgTpSfTt7I4GGu9GEUy7yEhhP150SKuFJjHuadHOmhmvcK8T+vZ3R04adUJEYTgaeLIsOgjmGRCexTSbBm45wgLGl+K8RDJBHWeXJFCO78y39J+6TuOnX35qzauJzFUQZ74ADUgAvOQQNcgyZoAQwewBN4Aa/Wo/VsvVnv09aSNZvZBb9gfXwDma+XQw==</latexit><latexit sha1_base64="p2VWv8azZaw4noaCqu3iJ7agqrw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQF5ZEBV0W3bisYB/QxDCZTtqhM5MwD6GErNz4K25cKOLWb3Dn35i0XWj1wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6etYiMxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxxdFX7nnkhFY3GrxwnxORoIGlGMdC4F9n5tEHjCHAWpxw0kGfQU5dB17tLj06wS2FWn7kwA/xJ3RqpghmZgf3r9GBtOhMYMKdVznUT7KZKaYkayimcUSRAeoQHp5VQgTpSfTt7I4GGu9GEUy7yEhhP150SKuFJjHuadHOmhmvcK8T+vZ3R04adUJEYTgaeLIsOgjmGRCexTSbBm45wgLGl+K8RDJBHWeXJFCO78y39J+6TuOnX35qzauJzFUQZ74ADUgAvOQQNcgyZoAQwewBN4Aa/Wo/VsvVnv09aSNZvZBb9gfXwDma+XQw==</latexit>



muon to	electron	conversion
	 𝑞 𝑞

𝜇 𝑒

SINDRUM	II	collaboration
Bertl et	al.,	Eur Phys J	C	47	(2006)	337

R < 7⇥ 10�13
<latexit sha1_base64="nxMh9bafJhTSwKtuSXZEfJuYEiw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYthRIR48BL14jGIekKxhdjKbDJl9MNMrLEv8FS8eFPHqh3jzb5wke9DEgoaiqpvuLi+WQoPjfFtLyyura+uFjeLm1vbOrr2339RRohhvsEhGqu1RzaUIeQMESN6OFaeBJ3nLG11P/NYjV1pE4T2kMXcDOgiFLxgFI/Xs0t1lFXdBBFxj4jxkJ+Rs3LPLTsWZAi8SkpMyylHv2V/dfsSSgIfAJNW6Q5wY3IwqEEzycbGbaB5TNqID3jE0pGabm02PH+Mjo/SxHylTIeCp+nsio4HWaeCZzoDCUM97E/E/r5OAf+FmIowT4CGbLfITiSHCkyRwXyjOQKaGUKaEuRWzIVWUgcmraEIg8y8vkuZphTgVcnterl3lcRTQATpEx4igKqqhG1RHDcRQip7RK3qznqwX6936mLUuWflMCf2B9fkDPg2TNA==</latexit><latexit sha1_base64="nxMh9bafJhTSwKtuSXZEfJuYEiw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYthRIR48BL14jGIekKxhdjKbDJl9MNMrLEv8FS8eFPHqh3jzb5wke9DEgoaiqpvuLi+WQoPjfFtLyyura+uFjeLm1vbOrr2339RRohhvsEhGqu1RzaUIeQMESN6OFaeBJ3nLG11P/NYjV1pE4T2kMXcDOgiFLxgFI/Xs0t1lFXdBBFxj4jxkJ+Rs3LPLTsWZAi8SkpMyylHv2V/dfsSSgIfAJNW6Q5wY3IwqEEzycbGbaB5TNqID3jE0pGabm02PH+Mjo/SxHylTIeCp+nsio4HWaeCZzoDCUM97E/E/r5OAf+FmIowT4CGbLfITiSHCkyRwXyjOQKaGUKaEuRWzIVWUgcmraEIg8y8vkuZphTgVcnterl3lcRTQATpEx4igKqqhG1RHDcRQip7RK3qznqwX6936mLUuWflMCf2B9fkDPg2TNA==</latexit><latexit sha1_base64="nxMh9bafJhTSwKtuSXZEfJuYEiw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYthRIR48BL14jGIekKxhdjKbDJl9MNMrLEv8FS8eFPHqh3jzb5wke9DEgoaiqpvuLi+WQoPjfFtLyyura+uFjeLm1vbOrr2339RRohhvsEhGqu1RzaUIeQMESN6OFaeBJ3nLG11P/NYjV1pE4T2kMXcDOgiFLxgFI/Xs0t1lFXdBBFxj4jxkJ+Rs3LPLTsWZAi8SkpMyylHv2V/dfsSSgIfAJNW6Q5wY3IwqEEzycbGbaB5TNqID3jE0pGabm02PH+Mjo/SxHylTIeCp+nsio4HWaeCZzoDCUM97E/E/r5OAf+FmIowT4CGbLfITiSHCkyRwXyjOQKaGUKaEuRWzIVWUgcmraEIg8y8vkuZphTgVcnterl3lcRTQATpEx4igKqqhG1RHDcRQip7RK3qznqwX6936mLUuWflMCf2B9fkDPg2TNA==</latexit><latexit sha1_base64="nxMh9bafJhTSwKtuSXZEfJuYEiw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwYthRIR48BL14jGIekKxhdjKbDJl9MNMrLEv8FS8eFPHqh3jzb5wke9DEgoaiqpvuLi+WQoPjfFtLyyura+uFjeLm1vbOrr2339RRohhvsEhGqu1RzaUIeQMESN6OFaeBJ3nLG11P/NYjV1pE4T2kMXcDOgiFLxgFI/Xs0t1lFXdBBFxj4jxkJ+Rs3LPLTsWZAi8SkpMyylHv2V/dfsSSgIfAJNW6Q5wY3IwqEEzycbGbaB5TNqID3jE0pGabm02PH+Mjo/SxHylTIeCp+nsio4HWaeCZzoDCUM97E/E/r5OAf+FmIowT4CGbLfITiSHCkyRwXyjOQKaGUKaEuRWzIVWUgcmraEIg8y8vkuZphTgVcnterl3lcRTQATpEx4igKqqhG1RHDcRQip7RK3qznqwX6936mLUuWflMCf2B9fkDPg2TNA==</latexit>

R ⇠ 5⇥ 10�17
<latexit sha1_base64="gLCdYquu4CrvM9bs5yMzlakDKqE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyEaUui25cVrEP6Iwlk2ba0CQzJBmhDLPxV9y4UMStn+HOvzF9LLT1wIXDOfdy7z1hwpk2nvftFJaWV1bXiuuljc2t7R13d6+p41QR2iAxj1U7xJpyJmnDMMNpO1EUi5DTVji8HvutR6o0i+W9GSU0ELgvWcQINlbqugd3vmYCXkDfMEE1RN5DdoqqedctexVvArhI0IyUwQz1rvvl92KSCioN4VjrDvISE2RYGUY4zUt+qmmCyRD3acdSie22IJs8kMNjq/RgFCtb0sCJ+nsiw0LrkQhtp8BmoOe9sfif10lNdBlkTCapoZJMF0UphyaG4zRgjylKDB9Zgoli9lZIBlhhYmxmJRsCmn95kTTPKsiroNvzcu1qFkcRHIIjcAIQqIIauAF10AAE5OAZvII358l5cd6dj2lrwZnN7IM/cD5/AEjblOc=</latexit><latexit sha1_base64="gLCdYquu4CrvM9bs5yMzlakDKqE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyEaUui25cVrEP6Iwlk2ba0CQzJBmhDLPxV9y4UMStn+HOvzF9LLT1wIXDOfdy7z1hwpk2nvftFJaWV1bXiuuljc2t7R13d6+p41QR2iAxj1U7xJpyJmnDMMNpO1EUi5DTVji8HvutR6o0i+W9GSU0ELgvWcQINlbqugd3vmYCXkDfMEE1RN5DdoqqedctexVvArhI0IyUwQz1rvvl92KSCioN4VjrDvISE2RYGUY4zUt+qmmCyRD3acdSie22IJs8kMNjq/RgFCtb0sCJ+nsiw0LrkQhtp8BmoOe9sfif10lNdBlkTCapoZJMF0UphyaG4zRgjylKDB9Zgoli9lZIBlhhYmxmJRsCmn95kTTPKsiroNvzcu1qFkcRHIIjcAIQqIIauAF10AAE5OAZvII358l5cd6dj2lrwZnN7IM/cD5/AEjblOc=</latexit><latexit sha1_base64="gLCdYquu4CrvM9bs5yMzlakDKqE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyEaUui25cVrEP6Iwlk2ba0CQzJBmhDLPxV9y4UMStn+HOvzF9LLT1wIXDOfdy7z1hwpk2nvftFJaWV1bXiuuljc2t7R13d6+p41QR2iAxj1U7xJpyJmnDMMNpO1EUi5DTVji8HvutR6o0i+W9GSU0ELgvWcQINlbqugd3vmYCXkDfMEE1RN5DdoqqedctexVvArhI0IyUwQz1rvvl92KSCioN4VjrDvISE2RYGUY4zUt+qmmCyRD3acdSie22IJs8kMNjq/RgFCtb0sCJ+nsiw0LrkQhtp8BmoOe9sfif10lNdBlkTCapoZJMF0UphyaG4zRgjylKDB9Zgoli9lZIBlhhYmxmJRsCmn95kTTPKsiroNvzcu1qFkcRHIIjcAIQqIIauAF10AAE5OAZvII358l5cd6dj2lrwZnN7IM/cD5/AEjblOc=</latexit><latexit sha1_base64="gLCdYquu4CrvM9bs5yMzlakDKqE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyEaUui25cVrEP6Iwlk2ba0CQzJBmhDLPxV9y4UMStn+HOvzF9LLT1wIXDOfdy7z1hwpk2nvftFJaWV1bXiuuljc2t7R13d6+p41QR2iAxj1U7xJpyJmnDMMNpO1EUi5DTVji8HvutR6o0i+W9GSU0ELgvWcQINlbqugd3vmYCXkDfMEE1RN5DdoqqedctexVvArhI0IyUwQz1rvvl92KSCioN4VjrDvISE2RYGUY4zUt+qmmCyRD3acdSie22IJs8kMNjq/RgFCtb0sCJ+nsiw0LrkQhtp8BmoOe9sfif10lNdBlkTCapoZJMF0UphyaG4zRgjylKDB9Zgoli9lZIBlhhYmxmJRsCmn95kTTPKsiroNvzcu1qFkcRHIIjcAIQqIIauAF10AAE5OAZvII358l5cd6dj2lrwZnN7IM/cD5/AEjblOc=</latexit>

Mu2e,	COMET

W

9/10/20 YASAMAN	FARZAN

⌫µ
<latexit sha1_base64="ExUEExN5pmW0dvQKono+Magp9so=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZDZmbXeQgh5Ce8eFDEq7/jzb9xNtmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4Nvc7T1RplsoHM8loJPBQsoQRbJzUDaXth8JW+tWaX/fnQKskKEgNCjT71a9wkBIrqDSEY617gZ+ZaIqVYYTTWSW0mmaYjPGQ9hyVWFAdTef3ztCZUwYoSZUradBc/T0xxULriYhdp8BmpJe9XPzP61mTXEdTJjNrqCSLRYnlyKQofx4NmKLE8IkjmCjmbkVkhBUmxkWUhxAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBDg8wyu8eY/ei/fufSxaS14xcwx/4H3+AKLij7A=</latexit><latexit sha1_base64="ExUEExN5pmW0dvQKono+Magp9so=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZDZmbXeQgh5Ce8eFDEq7/jzb9xNtmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4Nvc7T1RplsoHM8loJPBQsoQRbJzUDaXth8JW+tWaX/fnQKskKEgNCjT71a9wkBIrqDSEY617gZ+ZaIqVYYTTWSW0mmaYjPGQ9hyVWFAdTef3ztCZUwYoSZUradBc/T0xxULriYhdp8BmpJe9XPzP61mTXEdTJjNrqCSLRYnlyKQofx4NmKLE8IkjmCjmbkVkhBUmxkWUhxAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBDg8wyu8eY/ei/fufSxaS14xcwx/4H3+AKLij7A=</latexit><latexit sha1_base64="ExUEExN5pmW0dvQKono+Magp9so=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZDZmbXeQgh5Ce8eFDEq7/jzb9xNtmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4Nvc7T1RplsoHM8loJPBQsoQRbJzUDaXth8JW+tWaX/fnQKskKEgNCjT71a9wkBIrqDSEY617gZ+ZaIqVYYTTWSW0mmaYjPGQ9hyVWFAdTef3ztCZUwYoSZUradBc/T0xxULriYhdp8BmpJe9XPzP61mTXEdTJjNrqCSLRYnlyKQofx4NmKLE8IkjmCjmbkVkhBUmxkWUhxAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBDg8wyu8eY/ei/fufSxaS14xcwx/4H3+AKLij7A=</latexit><latexit sha1_base64="ExUEExN5pmW0dvQKono+Magp9so=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOyS5idzCZDZmbXeQgh5Ce8eFDEq7/jzb9xNtmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4Nvc7T1RplsoHM8loJPBQsoQRbJzUDaXth8JW+tWaX/fnQKskKEgNCjT71a9wkBIrqDSEY617gZ+ZaIqVYYTTWSW0mmaYjPGQ9hyVWFAdTef3ztCZUwYoSZUradBc/T0xxULriYhdp8BmpJe9XPzP61mTXEdTJjNrqCSLRYnlyKQofx4NmKLE8IkjmCjmbkVkhBUmxkWUhxAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBDg8wyu8eY/ei/fufSxaS14xcwx/4H3+AKLij7A=</latexit>

⌫e
<latexit sha1_base64="wcVHvgNLv3V/33SHzG0Hw/jsaAs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5kqii0quVTdkGjkTGDLMMOxmygkccixE05uc7/zhEozKR7MNMEgJiPBIkaJsVK7L9IBVgbVmlf35nBXiV+QGhRoDqpf/aGkaYzCUE607vleYoKMKMMox1mln2pMCJ2QEfYsFSRGHWTza2fumVWGbiSVLWHcufp7IiOx1tM4tJ0xMWO97OXif14vNdF1kDGRpAYFXSyKUu4a6eavu0OmkBo+tYRQxeytLh0TRaixAeUh+Msvr5L2Rd336v79Za1xU8RRhhM4hXPw4QoacAdNaAGFR3iGV3hzpPPivDsfi9aSU8wcwx84nz8K147D</latexit><latexit sha1_base64="wcVHvgNLv3V/33SHzG0Hw/jsaAs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5kqii0quVTdkGjkTGDLMMOxmygkccixE05uc7/zhEozKR7MNMEgJiPBIkaJsVK7L9IBVgbVmlf35nBXiV+QGhRoDqpf/aGkaYzCUE607vleYoKMKMMox1mln2pMCJ2QEfYsFSRGHWTza2fumVWGbiSVLWHcufp7IiOx1tM4tJ0xMWO97OXif14vNdF1kDGRpAYFXSyKUu4a6eavu0OmkBo+tYRQxeytLh0TRaixAeUh+Msvr5L2Rd336v79Za1xU8RRhhM4hXPw4QoacAdNaAGFR3iGV3hzpPPivDsfi9aSU8wcwx84nz8K147D</latexit><latexit sha1_base64="wcVHvgNLv3V/33SHzG0Hw/jsaAs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5kqii0quVTdkGjkTGDLMMOxmygkccixE05uc7/zhEozKR7MNMEgJiPBIkaJsVK7L9IBVgbVmlf35nBXiV+QGhRoDqpf/aGkaYzCUE607vleYoKMKMMox1mln2pMCJ2QEfYsFSRGHWTza2fumVWGbiSVLWHcufp7IiOx1tM4tJ0xMWO97OXif14vNdF1kDGRpAYFXSyKUu4a6eavu0OmkBo+tYRQxeytLh0TRaixAeUh+Msvr5L2Rd336v79Za1xU8RRhhM4hXPw4QoacAdNaAGFR3iGV3hzpPPivDsfi9aSU8wcwx84nz8K147D</latexit><latexit sha1_base64="wcVHvgNLv3V/33SHzG0Hw/jsaAs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLa+sbmVnm7srO7t39QPTxqa5kqii0quVTdkGjkTGDLMMOxmygkccixE05uc7/zhEozKR7MNMEgJiPBIkaJsVK7L9IBVgbVmlf35nBXiV+QGhRoDqpf/aGkaYzCUE607vleYoKMKMMox1mln2pMCJ2QEfYsFSRGHWTza2fumVWGbiSVLWHcufp7IiOx1tM4tJ0xMWO97OXif14vNdF1kDGRpAYFXSyKUu4a6eavu0OmkBo+tYRQxeytLh0TRaixAeUh+Msvr5L2Rd336v79Za1xU8RRhhM4hXPw4QoacAdNaAGFR3iGV3hzpPPivDsfi9aSU8wcwx84nz8K147D</latexit>

Z 0
<latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit>



Smoking	gun	of	the	model
1)		

2)		Muon to	e conversion	on	nuclei	but	

3)

4)

µ� ! e��
<latexit sha1_base64="ORMwX/1UP6Kg8dmZFsb8IATAtAI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0sigi6LblxWsA9oYplMb9qhM0mYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM593LvPUHCmdKO822VlpZXVtfK65WNza3tHXt3r6XiVFJo0pjHshMQBZxF0NRMc+gkEogIOLSD0XXutx9AKhZHd3qcgC/IIGIho0QbqWcfeCK9P8WejjHk/4AIQXp21ak5U+BF4hakigo0evaX149pKiDSlBOluq6TaD8jUjPKYVLxUgUJoSMygK6hERGg/Gy6/QQfG6WPw1iaF2k8VX93ZEQoNRaBqRRED9W8l4v/ed1Uh5d+xqIk1RDR2aAw5djcmkeB+0wC1XxsCKGSmV0xHRJJqDaBVUwI7vzJi6R1VnOdmnt7Xq1fFXGU0SE6QifIRReojm5QAzURRY/oGb2iN+vJerHerY9ZackqevbRH1ifP9P7lCo=</latexit><latexit sha1_base64="ORMwX/1UP6Kg8dmZFsb8IATAtAI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0sigi6LblxWsA9oYplMb9qhM0mYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM593LvPUHCmdKO822VlpZXVtfK65WNza3tHXt3r6XiVFJo0pjHshMQBZxF0NRMc+gkEogIOLSD0XXutx9AKhZHd3qcgC/IIGIho0QbqWcfeCK9P8WejjHk/4AIQXp21ak5U+BF4hakigo0evaX149pKiDSlBOluq6TaD8jUjPKYVLxUgUJoSMygK6hERGg/Gy6/QQfG6WPw1iaF2k8VX93ZEQoNRaBqRRED9W8l4v/ed1Uh5d+xqIk1RDR2aAw5djcmkeB+0wC1XxsCKGSmV0xHRJJqDaBVUwI7vzJi6R1VnOdmnt7Xq1fFXGU0SE6QifIRReojm5QAzURRY/oGb2iN+vJerHerY9ZackqevbRH1ifP9P7lCo=</latexit><latexit sha1_base64="ORMwX/1UP6Kg8dmZFsb8IATAtAI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0sigi6LblxWsA9oYplMb9qhM0mYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM593LvPUHCmdKO822VlpZXVtfK65WNza3tHXt3r6XiVFJo0pjHshMQBZxF0NRMc+gkEogIOLSD0XXutx9AKhZHd3qcgC/IIGIho0QbqWcfeCK9P8WejjHk/4AIQXp21ak5U+BF4hakigo0evaX149pKiDSlBOluq6TaD8jUjPKYVLxUgUJoSMygK6hERGg/Gy6/QQfG6WPw1iaF2k8VX93ZEQoNRaBqRRED9W8l4v/ed1Uh5d+xqIk1RDR2aAw5djcmkeB+0wC1XxsCKGSmV0xHRJJqDaBVUwI7vzJi6R1VnOdmnt7Xq1fFXGU0SE6QifIRReojm5QAzURRY/oGb2iN+vJerHerY9ZackqevbRH1ifP9P7lCo=</latexit><latexit sha1_base64="ORMwX/1UP6Kg8dmZFsb8IATAtAI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0sigi6LblxWsA9oYplMb9qhM0mYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM593LvPUHCmdKO822VlpZXVtfK65WNza3tHXt3r6XiVFJo0pjHshMQBZxF0NRMc+gkEogIOLSD0XXutx9AKhZHd3qcgC/IIGIho0QbqWcfeCK9P8WejjHk/4AIQXp21ak5U+BF4hakigo0evaX149pKiDSlBOluq6TaD8jUjPKYVLxUgUJoSMygK6hERGg/Gy6/QQfG6WPw1iaF2k8VX93ZEQoNRaBqRRED9W8l4v/ed1Uh5d+xqIk1RDR2aAw5djcmkeB+0wC1XxsCKGSmV0xHRJJqDaBVUwI7vzJi6R1VnOdmnt7Xq1fFXGU0SE6QifIRReojm5QAzURRY/oGb2iN+vJerHerY9ZackqevbRH1ifP9P7lCo=</latexit>

µ� ! e�Z 0
<latexit sha1_base64="vpU5ygja9EoN5aO1yq2JKb4svtQ=">AAAB+XicbVDLSgMxFM3UV62vUZdugkV0Y5kRQZdFNy4r2Ad2xpJJb9vQJDMkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3Pu5d57ooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPh7dRvjkBpFssHM04gFKQvWY9RYqzUcd1ApE/nODAxBvs/nnbcslfxZsDLxM9JGeWoddyvoBvTVIA0lBOt276XmDAjyjDKYVIKUg0JoUPSh7alkgjQYTbbfIJPrNLFvVjZJw2eqb87MiK0HovIVgpiBnrRm4r/ee3U9K7DjMkkNSDpfFAv5djeOY0Bd5kCavjYEkIVs7tiOiCKUGPDKtkQ/MWTl0njouJ7Ff/+sly9yeMooiN0jM6Qj65QFd2hGqojikboGb2iNydzXpx352NeWnDynkP0B87nD1PukiQ=</latexit><latexit sha1_base64="vpU5ygja9EoN5aO1yq2JKb4svtQ=">AAAB+XicbVDLSgMxFM3UV62vUZdugkV0Y5kRQZdFNy4r2Ad2xpJJb9vQJDMkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3Pu5d57ooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPh7dRvjkBpFssHM04gFKQvWY9RYqzUcd1ApE/nODAxBvs/nnbcslfxZsDLxM9JGeWoddyvoBvTVIA0lBOt276XmDAjyjDKYVIKUg0JoUPSh7alkgjQYTbbfIJPrNLFvVjZJw2eqb87MiK0HovIVgpiBnrRm4r/ee3U9K7DjMkkNSDpfFAv5djeOY0Bd5kCavjYEkIVs7tiOiCKUGPDKtkQ/MWTl0njouJ7Ff/+sly9yeMooiN0jM6Qj65QFd2hGqojikboGb2iNydzXpx352NeWnDynkP0B87nD1PukiQ=</latexit><latexit sha1_base64="vpU5ygja9EoN5aO1yq2JKb4svtQ=">AAAB+XicbVDLSgMxFM3UV62vUZdugkV0Y5kRQZdFNy4r2Ad2xpJJb9vQJDMkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3Pu5d57ooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPh7dRvjkBpFssHM04gFKQvWY9RYqzUcd1ApE/nODAxBvs/nnbcslfxZsDLxM9JGeWoddyvoBvTVIA0lBOt276XmDAjyjDKYVIKUg0JoUPSh7alkgjQYTbbfIJPrNLFvVjZJw2eqb87MiK0HovIVgpiBnrRm4r/ee3U9K7DjMkkNSDpfFAv5djeOY0Bd5kCavjYEkIVs7tiOiCKUGPDKtkQ/MWTl0njouJ7Ff/+sly9yeMooiN0jM6Qj65QFd2hGqojikboGb2iNydzXpx352NeWnDynkP0B87nD1PukiQ=</latexit><latexit sha1_base64="vpU5ygja9EoN5aO1yq2JKb4svtQ=">AAAB+XicbVDLSgMxFM3UV62vUZdugkV0Y5kRQZdFNy4r2Ad2xpJJb9vQJDMkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3Pu5d57ooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPh7dRvjkBpFssHM04gFKQvWY9RYqzUcd1ApE/nODAxBvs/nnbcslfxZsDLxM9JGeWoddyvoBvTVIA0lBOt276XmDAjyjDKYVIKUg0JoUPSh7alkgjQYTbbfIJPrNLFvVjZJw2eqb87MiK0HovIVgpiBnrRm4r/ee3U9K7DjMkkNSDpfFAv5djeOY0Bd5kCavjYEkIVs7tiOiCKUGPDKtkQ/MWTl0njouJ7Ff/+sly9yeMooiN0jM6Qj65QFd2hGqojikboGb2iNydzXpx352NeWnDynkP0B87nD1PukiQ=</latexit>
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Summary
In	the	neutrino	precision	era,	we	should	take	possibility	of	NSI	more	serious.

New	U(1):		Light	mediator,	small	coupling																				large	NSI

Mixing	of	neutrinos	with	fermions	charged	under	new	U(1) LFV	NSI	for	neutrinos

No	LFV	NSI	for	charged	leptons

Models	for	arbitrary	flavor	structure:																																										or				✏↵↵✏�� > |✏↵� |2
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Higgs	invisible	decay	mode
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H ! ⌫̄↵N1
<latexit sha1_base64="Md/lFLFQspZTdbttI+fotuznfIE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRTVdSwT6gCeFmOmmHTiZhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbDwwczrmXO+eEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlTNCWZprTbiopxCGnnXB0M/U7D1Qqloh7PU6pH8NAsIgR0EYK7KMG9nSCvRBk7olsEnjA0yHg28AN7KpTc2bAy8QtSBUVaAb2l9dPSBZToQkHpXquk2o/B6kZ4XRS8TJFUyAjGNCeoQJiqvx8lmGCT43Sx1EizRMaz9TfGznESo3j0EzGoIdq0ZuK/3m9TEdXfs5EmmkqyPxQlHFsUk8LwX0mKdF8bAgQycxfMRmCBKJNbRVTgrsYeZm0z2uuU3PvLqr166KOMjpGJ+gMuegS1VEDNVELEfSIntErerOerBfr3fqYj5asYucQ/YH1+QPVkJb9</latexit><latexit sha1_base64="Md/lFLFQspZTdbttI+fotuznfIE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRTVdSwT6gCeFmOmmHTiZhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbDwwczrmXO+eEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlTNCWZprTbiopxCGnnXB0M/U7D1Qqloh7PU6pH8NAsIgR0EYK7KMG9nSCvRBk7olsEnjA0yHg28AN7KpTc2bAy8QtSBUVaAb2l9dPSBZToQkHpXquk2o/B6kZ4XRS8TJFUyAjGNCeoQJiqvx8lmGCT43Sx1EizRMaz9TfGznESo3j0EzGoIdq0ZuK/3m9TEdXfs5EmmkqyPxQlHFsUk8LwX0mKdF8bAgQycxfMRmCBKJNbRVTgrsYeZm0z2uuU3PvLqr166KOMjpGJ+gMuegS1VEDNVELEfSIntErerOerBfr3fqYj5asYucQ/YH1+QPVkJb9</latexit><latexit sha1_base64="Md/lFLFQspZTdbttI+fotuznfIE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRTVdSwT6gCeFmOmmHTiZhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbDwwczrmXO+eEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlTNCWZprTbiopxCGnnXB0M/U7D1Qqloh7PU6pH8NAsIgR0EYK7KMG9nSCvRBk7olsEnjA0yHg28AN7KpTc2bAy8QtSBUVaAb2l9dPSBZToQkHpXquk2o/B6kZ4XRS8TJFUyAjGNCeoQJiqvx8lmGCT43Sx1EizRMaz9TfGznESo3j0EzGoIdq0ZuK/3m9TEdXfs5EmmkqyPxQlHFsUk8LwX0mKdF8bAgQycxfMRmCBKJNbRVTgrsYeZm0z2uuU3PvLqr166KOMjpGJ+gMuegS1VEDNVELEfSIntErerOerBfr3fqYj5asYucQ/YH1+QPVkJb9</latexit><latexit sha1_base64="Md/lFLFQspZTdbttI+fotuznfIE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GXRTVdSwT6gCeFmOmmHTiZhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbDwwczrmXO+eEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlTNCWZprTbiopxCGnnXB0M/U7D1Qqloh7PU6pH8NAsIgR0EYK7KMG9nSCvRBk7olsEnjA0yHg28AN7KpTc2bAy8QtSBUVaAb2l9dPSBZToQkHpXquk2o/B6kZ4XRS8TJFUyAjGNCeoQJiqvx8lmGCT43Sx1EizRMaz9TfGznESo3j0EzGoIdq0ZuK/3m9TEdXfs5EmmkqyPxQlHFsUk8LwX0mKdF8bAgQycxfMRmCBKJNbRVTgrsYeZm0z2uuU3PvLqr166KOMjpGJ+gMuegS1VEDNVELEfSIntErerOerBfr3fqYj5asYucQ/YH1+QPVkJb9</latexit>

H ! ⌫̄�N2
<latexit sha1_base64="oM6dNHmgNvTJ16XGowvImIWoRQA=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRTVdSwT6gCeFmOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhts9DWAwOHc+7lzjlhypnSjvNtrayurW9slrbK2zu7e/v2wWFbJZkktEUSnshuCIpyJmhLM81pN5UU4pDTTji6mfqdByoVS8S9HqfUj2EgWMQIaCMF9nEDezrBXggy90Q2CbyQasC3QS2wK07VmQEvE7cgFVSgGdhfXj8hWUyFJhyU6rlOqv0cpGaE00nZyxRNgYxgQHuGCoip8vNZhAk+M0ofR4k0T2g8U39v5BArNY5DMxmDHqpFbyr+5/UyHV35ORNppqkg80NRxrEJPe0D95mkRPOxIUAkM3/FZAgSiDatlU0J7mLkZdKuVV2n6t5dVOrXRR0ldIJO0Tly0SWqowZqohYi6BE9o1f0Zj1ZL9a79TEfXbGKnSP0B9bnDwebloo=</latexit><latexit sha1_base64="oM6dNHmgNvTJ16XGowvImIWoRQA=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRTVdSwT6gCeFmOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhts9DWAwOHc+7lzjlhypnSjvNtrayurW9slrbK2zu7e/v2wWFbJZkktEUSnshuCIpyJmhLM81pN5UU4pDTTji6mfqdByoVS8S9HqfUj2EgWMQIaCMF9nEDezrBXggy90Q2CbyQasC3QS2wK07VmQEvE7cgFVSgGdhfXj8hWUyFJhyU6rlOqv0cpGaE00nZyxRNgYxgQHuGCoip8vNZhAk+M0ofR4k0T2g8U39v5BArNY5DMxmDHqpFbyr+5/UyHV35ORNppqkg80NRxrEJPe0D95mkRPOxIUAkM3/FZAgSiDatlU0J7mLkZdKuVV2n6t5dVOrXRR0ldIJO0Tly0SWqowZqohYi6BE9o1f0Zj1ZL9a79TEfXbGKnSP0B9bnDwebloo=</latexit><latexit sha1_base64="oM6dNHmgNvTJ16XGowvImIWoRQA=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRTVdSwT6gCeFmOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhts9DWAwOHc+7lzjlhypnSjvNtrayurW9slrbK2zu7e/v2wWFbJZkktEUSnshuCIpyJmhLM81pN5UU4pDTTji6mfqdByoVS8S9HqfUj2EgWMQIaCMF9nEDezrBXggy90Q2CbyQasC3QS2wK07VmQEvE7cgFVSgGdhfXj8hWUyFJhyU6rlOqv0cpGaE00nZyxRNgYxgQHuGCoip8vNZhAk+M0ofR4k0T2g8U39v5BArNY5DMxmDHqpFbyr+5/UyHV35ORNppqkg80NRxrEJPe0D95mkRPOxIUAkM3/FZAgSiDatlU0J7mLkZdKuVV2n6t5dVOrXRR0ldIJO0Tly0SWqowZqohYi6BE9o1f0Zj1ZL9a79TEfXbGKnSP0B9bnDwebloo=</latexit><latexit sha1_base64="oM6dNHmgNvTJ16XGowvImIWoRQA=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRTVdSwT6gCeFmOmmHTiZhZiKUUNz4K25cKOLWr3Dn3zhts9DWAwOHc+7lzjlhypnSjvNtrayurW9slrbK2zu7e/v2wWFbJZkktEUSnshuCIpyJmhLM81pN5UU4pDTTji6mfqdByoVS8S9HqfUj2EgWMQIaCMF9nEDezrBXggy90Q2CbyQasC3QS2wK07VmQEvE7cgFVSgGdhfXj8hWUyFJhyU6rlOqv0cpGaE00nZyxRNgYxgQHuGCoip8vNZhAk+M0ofR4k0T2g8U39v5BArNY5DMxmDHqpFbyr+5/UyHV35ORNppqkg80NRxrEJPe0D95mkRPOxIUAkM3/FZAgSiDatlU0J7mLkZdKuVV2n6t5dVOrXRR0ldIJO0Tly0SWqowZqohYi6BE9o1f0Zj1ZL9a79TEfXbGKnSP0B9bnDwebloo=</latexit>

Y 2
R↵mH/(4⇡)

<latexit sha1_base64="LysD5A0Olu9Ss8o/Nr8XjolxJYY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbOlIIui266rGIf0hmHTJq2oZlMSDJCGerGX3HjQhG3/oU7/8a0zkJbD1w4nHMv994TCkaVdpwvK7e0vLK6ll8vbGxube/Yu3stFScSkyaOWSw7IVKEUU6ammpGOkISFIWMtMPR5dRv3xOpaMxv9FgQP0IDTvsUI22kwD64DdJrDzExRJO7ShTUT0tV6Al6EthFp+zMABeJm5EiyNAI7E+vF+MkIlxjhpTquo7QfoqkppiRScFLFBEIj9CAdA3lKCLKT2cfTOCxUXqwH0tTXMOZ+nsiRZFS4yg0nRHSQzXvTcX/vG6i++d+SrlINOH4Z1E/YVDHcBoH7FFJsGZjQxCW1NwK8RBJhLUJrWBCcOdfXiStStl1yu5VtVi7yOLIg0NwBErABWegBuqgAZoAgwfwBF7Aq/VoPVtv1vtPa87KZvbBH1gf35sJlaw=</latexit><latexit sha1_base64="LysD5A0Olu9Ss8o/Nr8XjolxJYY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbOlIIui266rGIf0hmHTJq2oZlMSDJCGerGX3HjQhG3/oU7/8a0zkJbD1w4nHMv994TCkaVdpwvK7e0vLK6ll8vbGxube/Yu3stFScSkyaOWSw7IVKEUU6ammpGOkISFIWMtMPR5dRv3xOpaMxv9FgQP0IDTvsUI22kwD64DdJrDzExRJO7ShTUT0tV6Al6EthFp+zMABeJm5EiyNAI7E+vF+MkIlxjhpTquo7QfoqkppiRScFLFBEIj9CAdA3lKCLKT2cfTOCxUXqwH0tTXMOZ+nsiRZFS4yg0nRHSQzXvTcX/vG6i++d+SrlINOH4Z1E/YVDHcBoH7FFJsGZjQxCW1NwK8RBJhLUJrWBCcOdfXiStStl1yu5VtVi7yOLIg0NwBErABWegBuqgAZoAgwfwBF7Aq/VoPVtv1vtPa87KZvbBH1gf35sJlaw=</latexit><latexit sha1_base64="LysD5A0Olu9Ss8o/Nr8XjolxJYY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbOlIIui266rGIf0hmHTJq2oZlMSDJCGerGX3HjQhG3/oU7/8a0zkJbD1w4nHMv994TCkaVdpwvK7e0vLK6ll8vbGxube/Yu3stFScSkyaOWSw7IVKEUU6ammpGOkISFIWMtMPR5dRv3xOpaMxv9FgQP0IDTvsUI22kwD64DdJrDzExRJO7ShTUT0tV6Al6EthFp+zMABeJm5EiyNAI7E+vF+MkIlxjhpTquo7QfoqkppiRScFLFBEIj9CAdA3lKCLKT2cfTOCxUXqwH0tTXMOZ+nsiRZFS4yg0nRHSQzXvTcX/vG6i++d+SrlINOH4Z1E/YVDHcBoH7FFJsGZjQxCW1NwK8RBJhLUJrWBCcOdfXiStStl1yu5VtVi7yOLIg0NwBErABWegBuqgAZoAgwfwBF7Aq/VoPVtv1vtPa87KZvbBH1gf35sJlaw=</latexit><latexit sha1_base64="LysD5A0Olu9Ss8o/Nr8XjolxJYY=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbOlIIui266rGIf0hmHTJq2oZlMSDJCGerGX3HjQhG3/oU7/8a0zkJbD1w4nHMv994TCkaVdpwvK7e0vLK6ll8vbGxube/Yu3stFScSkyaOWSw7IVKEUU6ammpGOkISFIWMtMPR5dRv3xOpaMxv9FgQP0IDTvsUI22kwD64DdJrDzExRJO7ShTUT0tV6Al6EthFp+zMABeJm5EiyNAI7E+vF+MkIlxjhpTquo7QfoqkppiRScFLFBEIj9CAdA3lKCLKT2cfTOCxUXqwH0tTXMOZ+nsiRZFS4yg0nRHSQzXvTcX/vG6i++d+SrlINOH4Z1E/YVDHcBoH7FFJsGZjQxCW1NwK8RBJhLUJrWBCcOdfXiStStl1yu5VtVi7yOLIg0NwBErABWegBuqgAZoAgwfwBF7Aq/VoPVtv1vtPa87KZvbBH1gf35sJlaw=</latexit>

Y 2
R�mH/(4⇡)

<latexit sha1_base64="Wd7qynTHFcEuY/8OBP1CLkpYdjY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKktJqkowVrB0LIg+UBMix3Vaq44T2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r3HjxmVyrK+jcLK6tr6RnGztLW9s7tn7h90ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPr6d+95EISSN+pyYxcUM05DSgGCkteebRvZfeOj5RKHuohV7zvFKHTkzPPLNsVa0Z4DKxc1IGOVqe+eUMIpyEhCvMkJR924qVmyKhKGYkKzmJJDHCYzQkfU05Col009kDGTzVygAGkdDFFZypvydSFEo5CX3dGSI1koveVPzP6ycquHRTyuNEEY7ni4KEQRXBaRpwQAXBik00QVhQfSvEIyQQVjqzkg7BXnx5mXRqVduq2jf1cuMqj6MIjsEJqAAbXIAGaIIWaAMMMvAMXsGb8WS8GO/Gx7y1YOQzh+APjM8fy8qVOA==</latexit><latexit sha1_base64="Wd7qynTHFcEuY/8OBP1CLkpYdjY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKktJqkowVrB0LIg+UBMix3Vaq44T2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r3HjxmVyrK+jcLK6tr6RnGztLW9s7tn7h90ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPr6d+95EISSN+pyYxcUM05DSgGCkteebRvZfeOj5RKHuohV7zvFKHTkzPPLNsVa0Z4DKxc1IGOVqe+eUMIpyEhCvMkJR924qVmyKhKGYkKzmJJDHCYzQkfU05Col009kDGTzVygAGkdDFFZypvydSFEo5CX3dGSI1koveVPzP6ycquHRTyuNEEY7ni4KEQRXBaRpwQAXBik00QVhQfSvEIyQQVjqzkg7BXnx5mXRqVduq2jf1cuMqj6MIjsEJqAAbXIAGaIIWaAMMMvAMXsGb8WS8GO/Gx7y1YOQzh+APjM8fy8qVOA==</latexit><latexit sha1_base64="Wd7qynTHFcEuY/8OBP1CLkpYdjY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKktJqkowVrB0LIg+UBMix3Vaq44T2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r3HjxmVyrK+jcLK6tr6RnGztLW9s7tn7h90ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPr6d+95EISSN+pyYxcUM05DSgGCkteebRvZfeOj5RKHuohV7zvFKHTkzPPLNsVa0Z4DKxc1IGOVqe+eUMIpyEhCvMkJR924qVmyKhKGYkKzmJJDHCYzQkfU05Col009kDGTzVygAGkdDFFZypvydSFEo5CX3dGSI1koveVPzP6ycquHRTyuNEEY7ni4KEQRXBaRpwQAXBik00QVhQfSvEIyQQVjqzkg7BXnx5mXRqVduq2jf1cuMqj6MIjsEJqAAbXIAGaIIWaAMMMvAMXsGb8WS8GO/Gx7y1YOQzh+APjM8fy8qVOA==</latexit><latexit sha1_base64="Wd7qynTHFcEuY/8OBP1CLkpYdjY=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKktJqkowVrB0LIg+UBMix3Vaq44T2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r3HjxmVyrK+jcLK6tr6RnGztLW9s7tn7h90ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPr6d+95EISSN+pyYxcUM05DSgGCkteebRvZfeOj5RKHuohV7zvFKHTkzPPLNsVa0Z4DKxc1IGOVqe+eUMIpyEhCvMkJR924qVmyKhKGYkKzmJJDHCYzQkfU05Col009kDGTzVygAGkdDFFZypvydSFEo5CX3dGSI1koveVPzP6ycquHRTyuNEEY7ni4KEQRXBaRpwQAXBik00QVhQfSvEIyQQVjqzkg7BXnx5mXRqVduq2jf1cuMqj6MIjsEJqAAbXIAGaIIWaAMMMvAMXsGb8WS8GO/Gx7y1YOQzh+APjM8fy8qVOA==</latexit>

YR↵,�hHi < 2 GeV
<latexit sha1_base64="qCC6Nt6p8IdTyVLCH3Fl23oPDqU=">AAACGHicbZC7SgNBFIZn4z3eopY2g0GwkLgbBC0sRAstVcxFsiGcnZwkQ2Znl5lZISzxLWx8FRsLRWzT+TZOLoUm/jDw8Z9zOHP+IBZcG9f9djJz8wuLS8sr2dW19Y3N3NZ2WUeJYlhikYhUNQCNgkssGW4EVmOFEAYCK0H3clivPKLSPJL3phdjPYS25C3OwFirkTt6aKR3Poi4A4d+gAb6vgDZFkivfTWGM1p8Sn0V0iss9xu5vFtwR6Kz4E0gTya6aeQGfjNiSYjSMAFa1zw3NvUUlOFMYD/rJxpjYF1oY82ihBB1PR0d1qf71mnSVqTsk4aO3N8TKYRa98LAdoZgOnq6NjT/q9US0zqtp1zGiUHJxotaiaAmosOUaJMrZEb0LABT3P6Vsg4oYMZmmbUheNMnz0K5WPDcgnd7nD+/mMSxTHbJHjkgHjkh5+Sa3JASYeSZvJJ38uG8OG/Op/M1bs04k5kd8kfO4AfNjp+W</latexit><latexit sha1_base64="qCC6Nt6p8IdTyVLCH3Fl23oPDqU=">AAACGHicbZC7SgNBFIZn4z3eopY2g0GwkLgbBC0sRAstVcxFsiGcnZwkQ2Znl5lZISzxLWx8FRsLRWzT+TZOLoUm/jDw8Z9zOHP+IBZcG9f9djJz8wuLS8sr2dW19Y3N3NZ2WUeJYlhikYhUNQCNgkssGW4EVmOFEAYCK0H3clivPKLSPJL3phdjPYS25C3OwFirkTt6aKR3Poi4A4d+gAb6vgDZFkivfTWGM1p8Sn0V0iss9xu5vFtwR6Kz4E0gTya6aeQGfjNiSYjSMAFa1zw3NvUUlOFMYD/rJxpjYF1oY82ihBB1PR0d1qf71mnSVqTsk4aO3N8TKYRa98LAdoZgOnq6NjT/q9US0zqtp1zGiUHJxotaiaAmosOUaJMrZEb0LABT3P6Vsg4oYMZmmbUheNMnz0K5WPDcgnd7nD+/mMSxTHbJHjkgHjkh5+Sa3JASYeSZvJJ38uG8OG/Op/M1bs04k5kd8kfO4AfNjp+W</latexit><latexit sha1_base64="qCC6Nt6p8IdTyVLCH3Fl23oPDqU=">AAACGHicbZC7SgNBFIZn4z3eopY2g0GwkLgbBC0sRAstVcxFsiGcnZwkQ2Znl5lZISzxLWx8FRsLRWzT+TZOLoUm/jDw8Z9zOHP+IBZcG9f9djJz8wuLS8sr2dW19Y3N3NZ2WUeJYlhikYhUNQCNgkssGW4EVmOFEAYCK0H3clivPKLSPJL3phdjPYS25C3OwFirkTt6aKR3Poi4A4d+gAb6vgDZFkivfTWGM1p8Sn0V0iss9xu5vFtwR6Kz4E0gTya6aeQGfjNiSYjSMAFa1zw3NvUUlOFMYD/rJxpjYF1oY82ihBB1PR0d1qf71mnSVqTsk4aO3N8TKYRa98LAdoZgOnq6NjT/q9US0zqtp1zGiUHJxotaiaAmosOUaJMrZEb0LABT3P6Vsg4oYMZmmbUheNMnz0K5WPDcgnd7nD+/mMSxTHbJHjkgHjkh5+Sa3JASYeSZvJJ38uG8OG/Op/M1bs04k5kd8kfO4AfNjp+W</latexit><latexit sha1_base64="qCC6Nt6p8IdTyVLCH3Fl23oPDqU=">AAACGHicbZC7SgNBFIZn4z3eopY2g0GwkLgbBC0sRAstVcxFsiGcnZwkQ2Znl5lZISzxLWx8FRsLRWzT+TZOLoUm/jDw8Z9zOHP+IBZcG9f9djJz8wuLS8sr2dW19Y3N3NZ2WUeJYlhikYhUNQCNgkssGW4EVmOFEAYCK0H3clivPKLSPJL3phdjPYS25C3OwFirkTt6aKR3Poi4A4d+gAb6vgDZFkivfTWGM1p8Sn0V0iss9xu5vFtwR6Kz4E0gTya6aeQGfjNiSYjSMAFa1zw3NvUUlOFMYD/rJxpjYF1oY82ihBB1PR0d1qf71mnSVqTsk4aO3N8TKYRa98LAdoZgOnq6NjT/q9US0zqtp1zGiUHJxotaiaAmosOUaJMrZEb0LABT3P6Vsg4oYMZmmbUheNMnz0K5WPDcgnd7nD+/mMSxTHbJHjkgHjkh5+Sa3JASYeSZvJJ38uG8OG/Op/M1bs04k5kd8kfO4AfNjp+W</latexit>

YR↵,�hHi ⇠ 15 MeV
<latexit sha1_base64="PxgnrcsRGZ73GiXmwNwxrjjJOpU=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4kDLjBV2KbroRqtiqdEo5k562oUlmSDJCGep7uPFV3LhQxI0LwbcxvSy8/RD4+M85nJw/SgQ31vc/vYnJqemZ2bn53MLi0vJKfnWtauJUM6ywWMT6OgKDgiusWG4FXicaQUYCr6Lu6aB+dYva8Fhd2l6CdQltxVucgXVWI79308guQhBJB3bCCC30QwGqLZCWQj2C0HBJg4O7LNSSnmG138gX/KI/FP0LwRgKZKxyI/8eNmOWSlSWCTCmFviJrWegLWcC+7kwNZgA60Ibaw4VSDT1bHhcn245p0lbsXZPWTp0v09kII3pych1SrAd87s2MP+r1VLbOqpnXCWpRcVGi1qpoDamg6Rok2tkVvQcANPc/ZWyDmhg1uWZcyEEv0/+C9XdYuAXg/P9wvHJOI45skE2yTYJyCE5JiVSJhXCyD15JM/kxXvwnrxX723UOuGNZ9bJD3kfXyiNoWE=</latexit><latexit sha1_base64="PxgnrcsRGZ73GiXmwNwxrjjJOpU=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4kDLjBV2KbroRqtiqdEo5k562oUlmSDJCGep7uPFV3LhQxI0LwbcxvSy8/RD4+M85nJw/SgQ31vc/vYnJqemZ2bn53MLi0vJKfnWtauJUM6ywWMT6OgKDgiusWG4FXicaQUYCr6Lu6aB+dYva8Fhd2l6CdQltxVucgXVWI79308guQhBJB3bCCC30QwGqLZCWQj2C0HBJg4O7LNSSnmG138gX/KI/FP0LwRgKZKxyI/8eNmOWSlSWCTCmFviJrWegLWcC+7kwNZgA60Ibaw4VSDT1bHhcn245p0lbsXZPWTp0v09kII3pych1SrAd87s2MP+r1VLbOqpnXCWpRcVGi1qpoDamg6Rok2tkVvQcANPc/ZWyDmhg1uWZcyEEv0/+C9XdYuAXg/P9wvHJOI45skE2yTYJyCE5JiVSJhXCyD15JM/kxXvwnrxX723UOuGNZ9bJD3kfXyiNoWE=</latexit><latexit sha1_base64="PxgnrcsRGZ73GiXmwNwxrjjJOpU=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4kDLjBV2KbroRqtiqdEo5k562oUlmSDJCGep7uPFV3LhQxI0LwbcxvSy8/RD4+M85nJw/SgQ31vc/vYnJqemZ2bn53MLi0vJKfnWtauJUM6ywWMT6OgKDgiusWG4FXicaQUYCr6Lu6aB+dYva8Fhd2l6CdQltxVucgXVWI79308guQhBJB3bCCC30QwGqLZCWQj2C0HBJg4O7LNSSnmG138gX/KI/FP0LwRgKZKxyI/8eNmOWSlSWCTCmFviJrWegLWcC+7kwNZgA60Ibaw4VSDT1bHhcn245p0lbsXZPWTp0v09kII3pych1SrAd87s2MP+r1VLbOqpnXCWpRcVGi1qpoDamg6Rok2tkVvQcANPc/ZWyDmhg1uWZcyEEv0/+C9XdYuAXg/P9wvHJOI45skE2yTYJyCE5JiVSJhXCyD15JM/kxXvwnrxX723UOuGNZ9bJD3kfXyiNoWE=</latexit><latexit sha1_base64="PxgnrcsRGZ73GiXmwNwxrjjJOpU=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4kDLjBV2KbroRqtiqdEo5k562oUlmSDJCGep7uPFV3LhQxI0LwbcxvSy8/RD4+M85nJw/SgQ31vc/vYnJqemZ2bn53MLi0vJKfnWtauJUM6ywWMT6OgKDgiusWG4FXicaQUYCr6Lu6aB+dYva8Fhd2l6CdQltxVucgXVWI79308guQhBJB3bCCC30QwGqLZCWQj2C0HBJg4O7LNSSnmG138gX/KI/FP0LwRgKZKxyI/8eNmOWSlSWCTCmFviJrWegLWcC+7kwNZgA60Ibaw4VSDT1bHhcn245p0lbsXZPWTp0v09kII3pych1SrAd87s2MP+r1VLbOqpnXCWpRcVGi1qpoDamg6Rok2tkVvQcANPc/ZWyDmhg1uWZcyEEv0/+C9XdYuAXg/P9wvHJOI45skE2yTYJyCE5JiVSJhXCyD15JM/kxXvwnrxX723UOuGNZ9bJD3kfXyiNoWE=</latexit>

In	our	model:



Lepton	number	violation
𝑒

	𝑛 𝑝

𝑁

	𝑛 𝑝

𝑒

B� ! ⇡+µ�µ�
<latexit sha1_base64="CqBMA8NWFmylRdrnPmMf9dseTYk=">AAACAXicbVBLSwMxGMzWV62vVS+Cl2ARBGnZFUGPpV48VrAP6G5LNs22oUl2SbJCWerFv+LFgyJe/Rfe/Dem2z1o60DCMPN9JDNBzKjSjvNtFVZW19Y3ipulre2d3T17/6ClokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC+mfntByIVjcS9nsTE52goaEgx0kbq20f1XgV6OoJeTHvn0ONJr5JdfbvsVJ0McJm4OSmDHI2+/eUNIpxwIjRmSKmu68TaT5HUFDMyLXmJIjHCYzQkXUMF4kT5aZZgCk+NMoBhJM0RGmbq740UcaUmPDCTHOmRWvRm4n9eN9HhtZ9SESeaCDx/KEwYNIlndcABlQRrNjEEYUnNXyEeIYmwNqWVTAnuYuRl0rqouk7Vvbss1+p5HUVwDE7AGXDBFaiBW9AATYDBI3gGr+DNerJerHfrYz5asPKdQ/AH1ucPC06VVw==</latexit><latexit sha1_base64="CqBMA8NWFmylRdrnPmMf9dseTYk=">AAACAXicbVBLSwMxGMzWV62vVS+Cl2ARBGnZFUGPpV48VrAP6G5LNs22oUl2SbJCWerFv+LFgyJe/Rfe/Dem2z1o60DCMPN9JDNBzKjSjvNtFVZW19Y3ipulre2d3T17/6ClokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC+mfntByIVjcS9nsTE52goaEgx0kbq20f1XgV6OoJeTHvn0ONJr5JdfbvsVJ0McJm4OSmDHI2+/eUNIpxwIjRmSKmu68TaT5HUFDMyLXmJIjHCYzQkXUMF4kT5aZZgCk+NMoBhJM0RGmbq740UcaUmPDCTHOmRWvRm4n9eN9HhtZ9SESeaCDx/KEwYNIlndcABlQRrNjEEYUnNXyEeIYmwNqWVTAnuYuRl0rqouk7Vvbss1+p5HUVwDE7AGXDBFaiBW9AATYDBI3gGr+DNerJerHfrYz5asPKdQ/AH1ucPC06VVw==</latexit><latexit sha1_base64="CqBMA8NWFmylRdrnPmMf9dseTYk=">AAACAXicbVBLSwMxGMzWV62vVS+Cl2ARBGnZFUGPpV48VrAP6G5LNs22oUl2SbJCWerFv+LFgyJe/Rfe/Dem2z1o60DCMPN9JDNBzKjSjvNtFVZW19Y3ipulre2d3T17/6ClokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC+mfntByIVjcS9nsTE52goaEgx0kbq20f1XgV6OoJeTHvn0ONJr5JdfbvsVJ0McJm4OSmDHI2+/eUNIpxwIjRmSKmu68TaT5HUFDMyLXmJIjHCYzQkXUMF4kT5aZZgCk+NMoBhJM0RGmbq740UcaUmPDCTHOmRWvRm4n9eN9HhtZ9SESeaCDx/KEwYNIlndcABlQRrNjEEYUnNXyEeIYmwNqWVTAnuYuRl0rqouk7Vvbss1+p5HUVwDE7AGXDBFaiBW9AATYDBI3gGr+DNerJerHfrYz5asPKdQ/AH1ucPC06VVw==</latexit><latexit sha1_base64="CqBMA8NWFmylRdrnPmMf9dseTYk=">AAACAXicbVBLSwMxGMzWV62vVS+Cl2ARBGnZFUGPpV48VrAP6G5LNs22oUl2SbJCWerFv+LFgyJe/Rfe/Dem2z1o60DCMPN9JDNBzKjSjvNtFVZW19Y3ipulre2d3T17/6ClokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC+mfntByIVjcS9nsTE52goaEgx0kbq20f1XgV6OoJeTHvn0ONJr5JdfbvsVJ0McJm4OSmDHI2+/eUNIpxwIjRmSKmu68TaT5HUFDMyLXmJIjHCYzQkXUMF4kT5aZZgCk+NMoBhJM0RGmbq740UcaUmPDCTHOmRWvRm4n9eN9HhtZ9SESeaCDx/KEwYNIlndcABlQRrNjEEYUnNXyEeIYmwNqWVTAnuYuRl0rqouk7Vvbss1+p5HUVwDE7AGXDBFaiBW9AATYDBI3gGr+DNerJerHfrYz5asPKdQ/AH1ucPC06VVw==</latexit>

LHCb:

mNNT cN
<latexit sha1_base64="RWwmXXJh1khhGPQOklO1fE+lxuo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FL56WCv2Sdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbmt5+o0iyWDTNJaCDwULKIEWys9CD6PvIfG8Tvlytu1Z0DrRIvJxXIUe+Xv3qDmKSCSkM41rrruYkJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A8/6j78=</latexit><latexit sha1_base64="RWwmXXJh1khhGPQOklO1fE+lxuo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FL56WCv2Sdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbmt5+o0iyWDTNJaCDwULKIEWys9CD6PvIfG8Tvlytu1Z0DrRIvJxXIUe+Xv3qDmKSCSkM41rrruYkJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A8/6j78=</latexit><latexit sha1_base64="RWwmXXJh1khhGPQOklO1fE+lxuo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FL56WCv2Sdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbmt5+o0iyWDTNJaCDwULKIEWys9CD6PvIfG8Tvlytu1Z0DrRIvJxXIUe+Xv3qDmKSCSkM41rrruYkJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A8/6j78=</latexit><latexit sha1_base64="RWwmXXJh1khhGPQOklO1fE+lxuo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FL56WCv2Sdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbmt5+o0iyWDTNJaCDwULKIEWys9CD6PvIfG8Tvlytu1Z0DrRIvJxXIUe+Xv3qDmKSCSkM41rrruYkJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A8/6j78=</latexit>

Majorana mass Dirac	mass

mN N̄N
<latexit sha1_base64="nkYrWr97YBgPRr27sGYhdeUWTh0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08hgomBZAmzk9lkyDzWmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdjrChnEnatMxy2k40xSLi9DEa3c78xzHVhin5YCcJDQUeSBYzgq2TQtGro26EdVafonqvXPGr/hxolQQ5qUCORq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0xGeEA7jkosqAmz+dFTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcZkkloqyWJRnHJkFZolgPpMU2L5xBFMNHO3IjLEGhPrciq5EILll1dJ66Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDBjSBwBM8wyu8eWPvxXv3PhatBS+fOYY/8D5/ANfckXs=</latexit><latexit sha1_base64="nkYrWr97YBgPRr27sGYhdeUWTh0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08hgomBZAmzk9lkyDzWmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdjrChnEnatMxy2k40xSLi9DEa3c78xzHVhin5YCcJDQUeSBYzgq2TQtGro26EdVafonqvXPGr/hxolQQ5qUCORq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0xGeEA7jkosqAmz+dFTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcZkkloqyWJRnHJkFZolgPpMU2L5xBFMNHO3IjLEGhPrciq5EILll1dJ66Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDBjSBwBM8wyu8eWPvxXv3PhatBS+fOYY/8D5/ANfckXs=</latexit><latexit sha1_base64="nkYrWr97YBgPRr27sGYhdeUWTh0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08hgomBZAmzk9lkyDzWmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdjrChnEnatMxy2k40xSLi9DEa3c78xzHVhin5YCcJDQUeSBYzgq2TQtGro26EdVafonqvXPGr/hxolQQ5qUCORq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0xGeEA7jkosqAmz+dFTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcZkkloqyWJRnHJkFZolgPpMU2L5xBFMNHO3IjLEGhPrciq5EILll1dJ66Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDBjSBwBM8wyu8eWPvxXv3PhatBS+fOYY/8D5/ANfckXs=</latexit><latexit sha1_base64="nkYrWr97YBgPRr27sGYhdeUWTh0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08hgomBZAmzk9lkyDzWmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdjrChnEnatMxy2k40xSLi9DEa3c78xzHVhin5YCcJDQUeSBYzgq2TQtGro26EdVafonqvXPGr/hxolQQ5qUCORq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0xGeEA7jkosqAmz+dFTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcZkkloqyWJRnHJkFZolgPpMU2L5xBFMNHO3IjLEGhPrciq5EILll1dJ66Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDBjSBwBM8wyu8eWPvxXv3PhatBS+fOYY/8D5/ANfckXs=</latexit>
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𝑧′ coupling	to	matter	fields
1

2

Gauging a	linear	combination	of	Baryon	number	and	lepton	numbers

Kinetic	mixing	with	hypercharge	gauge	boson

Photon	component

Z	component Coupling	 suppressed	by	
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𝑧′ coupling	to	matter	fields
1

2

Gauging a	linear	combination	of	Baryon	number	and	lepton	numbers

Kinetic	mixing	with	hypercharge	gauge	boson

Photon	component

NSI in	CE𝜈NS CONUS,	COHERENT NO NSI	in	neutrino	oscillation
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Gauging	
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LMA-Dark	after	COHERENT	data

Denton,	YF		and	Shoemaker,		JHEP	1807	(2018)	037;	arXiv:1804.03660.
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Denton,	YF		and	Shoemaker,		JHEP	1807	(2018)	037;	arXiv:1804.03660.

COherent NeUtrino Scattering	experiment	(CONUS)

Germanium	detector	with	detection	 threshold	of	0.1	keV located	17	m	away	from
a	nuclear	power	plant	3.9	GW	in	Brokdorf,	Germany
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Solar	neutrino	interaction	at	DM	direct	
detection	experiments
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Y.F.	and	J.	Heeck,	PRD94	(2016);	

Cerdeno et	al,JHEP 05	(2016)	118



Y.F.	and	J.	Heeck,	PRD94	(2016)	

Solar	neutrino	coherent
Interaction	in	future	direct
dark	matter	search	experiments
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Maltoni and	Gonzalez-Garcia,	JHEP	2013
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