
The	interplay	of	2	or	more	portals	couplings	
coexisting	leads	to	very	different	pheno	
from	each	case	taken	separately.	

Evades	most	dark	photon,	scalar	and	
heavy	neutrino	searches.	New	exp.	
vetoes	required	(3-body	decays).	

Important	implications	for:		
• muon	(g-2)	via	kinetic	mixing,	
• neutrino	scattering	experiments,	
• rare	meson	decays	(																															).
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Radiative	neutrino	masses	from	dark	neutrinos

With	3 generations,	the	one-loop	light	neutrino	mass	matrix	is	given	by:

where	the	SM	couplings	are and		the	BSM	

The	active-heavy	neutrino	mixing	as	a	function	of	
the						mass.	The	blue	band	shows	where	the	light	
neutrino	masses	are	achieved	by	varying	R.
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Massless	light		
neutrinos	at	tree-level!

At	one-loop	level,	non-zero	masses	are	generated	(										and						):	�mL
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R	= 1%		—	ESS-like	
R	=	99%	—	ISS-like
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Three	portal	connection	to	the	SM	

Active	neutrinos	can		
upscatter	into	heavy	neutrinos,	
which	then	decay	in	cm	distance.	
Typical	signatures	are	NC	tridents	
or	charged	pion	pairs	from	coherent	or		
incoherent	scattering.		

DARK	MATTER
																																					Anomaly	cancellation	requires	extra	field	
content.		One	option	is	to	add	a	pair	of	chiral	fields	and	charge	only	
the	 RH	 field	 under	 the	 U(1)’	 symmetry.	 If	 these	 possess	 a	 Z2	
symmetry	 not	 shared	 by	 the	 SM,	 they	 provide	 a	 Dark	 Matter	
candidate	 with	 a	 phenomenology	 strongly	 connected	 to	 the	
neutrino	sector.	
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The	 MiniBooNE	 excess	 of	 low	 energy	 electron-like	 events	 is	
explained	 with	 upscattering	 followed	 by	 decay	 into	 electrons.	
Require	 Mz’	 =	 1	 GeV	 to	 reproduce	 angular	 distribution.	 Unique	
interplay	of	neutrino	and	vector	portals.

UPSCATTERING

⌫
<latexit sha1_base64="TGCbO4PGbnGOffWlmGVeZafgvFg=">AAACHHicdVBLTwIxGGzxhfgCPXppBBNPm2UBgRvRi0dM5JEAId3ShYZud9N2jYTwG7zqxV/jzXg18d/YXTARo5M0mcz3mo4bcqa0bX/C1Mbm1vZOejezt39weJTNHbdVEElCWyTggey6WFHOBG1ppjnthpJi3+W0406v43rnnkrFAnGnZyEd+HgsmMcI1kZqFfoiKgyzedtyLp1quYJsq1KzS3XHkHrVqZTrqGjZCfJgheYwB2F/FJDIp0ITjpXqFe1QD+ZYakY4XWT6kaIhJlM8pj1DBfapGswTtwt0bpQR8gJpntAoUX9OzLGv1Mx3TaeP9UT9rsXiX7VepL3aYM5EGGkqyPKQF3GkAxR/HY2YpETzmSGYSGa8IjLBEhNtAlq7Eu+WylMLhNZ0/RBbTmQT2ncy6H/SdqxiybJvnXzjahVfGpyCM3ABiqAKGuAGNEELEMDAI3gCz/AFvsI3+L5sTcHVzAlYA/z4AkM8oJk=</latexit>

⌫↵

A

Z 0

Z 0

e+
<latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit>

e�
<latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit>⌫h

<latexit sha1_base64="OCuJTtbzY+/XZlMV4VWeUC8hykY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQsugjWUE8wHJEfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSp9qX6WBcHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu17yrmvtQrzRu8ziKcAbncAkeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8weTLo8O</latexit>

⌫h0/⌫↵
<latexit sha1_base64="G+pvXSHwVkRk7Thhsedg5QGmutk=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYSlIGGCtYGItEH1ITIsd1Wqu2E9kOUhV1YOFXWBhAiJWPYONvcNoM0HKkKx2fc6987wkTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqTiUmbRyzWPZCpAijgrQ11Yz0EkkQDxnphuPr3O8+EKloLO70JCE+R0NBI4qRNlJgV2qeSINsdO8lknIyPcufHmLJCNUCu+rUnRngMnELUgUFWoH95Q1inHIiNGZIqb7rJNrPkNQUMzIte6kiCcJjNCR9QwXiRPnZ7IgpPDHKAEaxNCU0nKm/JzLElZrw0HRypEdq0cvF/7x+qqNLP6MiSTUReP5RlDKoY5gnAgdUEqzZxBCEJTW7QjxCEmFtciubENzFk5dJp1F3z+vObaPavCriKIEKOAanwAUXoAluQAu0AQaP4Bm8gjfryXqx3q2PeeuKVcwcgT+wPn8AjoiYBQ==</latexit>

p+
<latexit sha1_base64="9vTLcs4fltr0nDgjzTfTP9Jvpl0=">AAACAHicbVDLTgJBEOzFF+IL9ehlIpiYmJBdPOiR6MUjJi6QwEpmhwEmzD4y02tCNlz8Aa/6B96MV//EH/A7HGAPAlbSSaWqO91dfiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMe6ySEaq5VPNpQi5iwIlb8WK08CXvOmPbqd+84krLaLwAccx9wI6CEVfMIpGcsvx40W5WyzZFXsGskqcjJQgQ71b/On0IpYEPEQmqdZtx47RS6lCwSSfFDqJ5jFlIzrgbUNDGnDtpbNjJ+TMKD3Sj5SpEMlM/TuR0kDrceCbzoDiUC97U/E/r51g/9pLRRgnyEM2X9RPJMGITD8nPaE4Qzk2hDIlzK2EDamiDE0+C1t8RUccJwUTjLMcwyppVCvOZcW+r5ZqN1lEeTiBUzgHB66gBndQBxcYCHiBV3iznq1368P6nLfmrGzmGBZgff0C1DmWVQ==</latexit>

coherent

incoherent	on

if		Mz’ > 1	GeV,	upscattering	is

N
<latexit sha1_base64="F1OzdVCM2rKCahUY2rv0FnGnw/s=">AAACGnicjVDLTgIxFL3FF+ILdOmmEUxckQEXuiS6cWUwyiOBCemUDjR0OpO2YyQTPsGtbvwad8atG//GzsBCjCaepMnJOfdxer1IcG0c5xPlVlbX1jfym4Wt7Z3dvWJpv63DWFHWoqEIVdcjmgkuWctwI1g3UowEnmAdb3KZ+p17pjQP5Z2ZRswNyEhyn1NirHRbua4MiuVa1cmA/yZlWKA5KCHUH4Y0Dpg0VBCtezUnMm5ClOFUsFmhH2sWETohI9azVJKAaTfJss7wsVWG2A+VfdLgTP3ekZBA62ng2cqAmLH+6aXib14vNv65m3AZxYZJOl/kxwKbEKcfx0OuGDViagmhitusmI6JItTY8yxtSWcr7esZxku6eUgjZ/L/jtauV2unVeemXm5cLM6Xh0M4ghOowRk04Aqa0AIKI3iEJ3hGL+gVvaH3eWkOLXoOYAno4wvP2p8+</latexit>

LSM
<latexit sha1_base64="vFeRxvRDNDzmMtx+YtZek21gNtU=">AAACOHicjVC7SgNBFJ2JrxhfiZYWDiaCVdjEQsugjYVCRPOA7BJmJ7PJkNkHM3clYdnSr7HVxj+xsxNbv8DdTQojCh4YuJxzH2eOHUihwTBecW5peWV1Lb9e2Njc2t4plnbb2g8V4y3mS191baq5FB5vgQDJu4Hi1LUl79jji1Tv3HOlhe/dwTTglkuHnnAEo5BQ/eJBxXQpjDRT0VXcj0zlEhP4BDSLbq/juNIvlmtVIwP5uyijOZr9EsbmwGehyz1gkmrdqxkBWBFVIJjkccEMNQ8oG9Mh7yWlR12urSj7SUyOEmZAHF8lzwOSsd8nIupqPXXtpDOz/VNLyd+0XgjOmRUJLwiBe2x2yAklAZ+ksZCBUJyBnCYFZUokXgkbUUUZJOEtXEl3K+3omJAFHiap5Yz+X2jterV2UjVu6uXG+Ty+PNpHh+gY1dApaqBL1EQtxNADekRP6Bm/4Df8jj9mrTk8n9lDC8CfX7VFrAw=</latexit>

Higgs	portal

Vec
tor	

por
tal

Neutrino	portal

�<latexit sha1_base64="6HROPsCFyj4rXkCzlHdqjMXu0io=">AAAB7XicdVDLSgMxFM3UV62vqks3wVZwNWSmrW13RTcuK9gHtEPJpJk2NpMZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/fe48ecKY3Qh5VZW9/Y3Mpu53Z29/YP8odHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6u537mnUrFI3OppTL0QjwQLGMHaSO1ivzlmxUG+gGz3wq2WKxDZlRoq1V1D6lW3Uq5Dx0YLFMAKzUH+vT+MSBJSoQnHSvUcFGsvxVIzwuks108UjTGZ4BHtGSpwSJWXLq6dwTOjDGEQSVNCw4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lIk40FWS5KEg41BGcvw6HTFKi+dQQTCQzt0IyxhITbQLKmRC+PoX/k7ZrOyUb3biFxuUqjiw4AafgHDigChrgGjRBCxBwBx7AE3i2IuvRerFel60ZazVzDH7AevsEHH2O1A==</latexit>

⌫D
<latexit sha1_base64="9YddVlH1U67ZxqVSFou/UTp5quk="></latexit>

Xµ
<latexit sha1_base64="0vJjCKHEn+fA6UE3mE3ZNNy0cpU=">AAAB7nicdVDLSgMxFM34rPVVdekm2Aquhsy0te2u6MZlBfuAdiiZNG1Dk8yQZIQy9CPcuFDErd/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nLX1jc2t7cxOdndv/+Awd3Tc0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTucXM/99j1VmkXyzkxjGgg8kmzICDZWahc6/Z5ICv1cHrn+pV8plSFyy1VUrPmW1Cp+uVSDnosWyIMVGv3ce28QkURQaQjHWnc9FJsgxcowwuks20s0jTGZ4BHtWiqxoDpIF+fO4LlVBnAYKVvSwIX6fSLFQuupCG2nwGasf3tz8S+vm5hhNUiZjBNDJVkuGiYcmgjOf4cDpigxfGoJJorZWyEZY4WJsQllbQhfn8L/Sct3vaKLbv18/WoVRwacgjNwATxQAXVwAxqgCQiYgAfwBJ6d2Hl0XpzXZeuas5o5AT/gvH0C+W2PVg==</latexit>

MINIBOONE

��HH†H|�|2
<latexit sha1_base64="jrKC/Eu/GwaEzpOrYgyZr73L1+o=">AAACD3icjVC9TsMwGHTKXyl/AUYWixbEVKVlgLGCJWORaIvUpJHjOKlVx4lsB6lK+wYsvAoLAwixsrLxNjhtB0AgcdInne7uk/2dnzIqlWV9GKWl5ZXVtfJ6ZWNza3vH3N3ryiQTmHRwwhJx4yNJGOWko6hi5CYVBMU+Iz1/dFn4vVsiJE34tRqnxI1RxGlIMVJa8szjmsN0OkBe7rSHFNpTe+AEKIqIgDacFNpk0Kx5ZrVRt2aAf5MqWKDtme9OkOAsJlxhhqTsN6xUuTkSimJGphUnkyRFeIQi0teUo5hIN5/dM4VHWglgmAg9XMGZ+nUjR7GU49jXyRipofzpFeJvXj9T4bmbU55minA8fyjMGFQJLMqBARUEKzbWBGFB9V8hHiKBsNIVVv5XQrdZb5zWratmtXWxqKMMDsAhOAENcAZawAZt0AEY3IEH8ASejXvj0XgxXufRkrHY2QffYLx9AhFkm2Q=</latexit>

sin�
2 Bµ⌫Xµ⌫

<latexit sha1_base64="H0Ifg0IA1NtbmcdbSEQCK1TEYLw=">AAACFXicjZBNS8MwHMbT+TbnW9Wjl+AmeJDRzoMex7x4nOBeYK0lzdItLElLkgqj9Et48at48aCIV8Gb38Z020FFwQcCP57n/yfJEyaMKu04H1ZpaXllda28XtnY3NresXf3uipOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemFk4si790SqWgsrvU0IT5HI0EjipE2VmCf1LxIIpx5iorMw2Oa51kjbwWZx1NPpDns3xQIC64FdtWtOzPBv6EKFmoH9rs3jHHKidCYIaUGrpNoP0NSU8xIXvFSRRKEJ2hEBgYF4kT52exXOTwyzhBGsTRHaDhzv25kiCs15aGZ5EiP1c+sMH/LBqmOzv2MiiTVROD5RVHKoI5hUREcUkmwZlMDCEtq3grxGJmWtCmy8r8Suo26e1p3rhrVZmtRRxkcgENwDFxwBprgErRBB2BwBx7AE3i27q1H68V6nY+WrMXOPvgm6+0TPIifdw==</latexit>

y⌫

⇣
L · H̃

⌘
N c

<latexit sha1_base64="C+hrPq0SZS0ziTGmouei/3BmufI=">AAACIXicjVDLSgMxFM34tr6qLt0EW0E3ZVoXdll040JEwWqhU0smc6cNZpIhuSOUob/ixl9x40IRd+LPmNYuVBQ8EDg559w8TphKYdH337yp6ZnZufmFxcLS8srqWnF949LqzHBoci21aYXMghQKmihQQis1wJJQwlV4czTyr27BWKHVBQ5S6CSsp0QsOEMndYv18qCbByob0kBCjLuBdunRYfmJk3ikkQYoZAT5sdsb0evjHj295uVusVSt+GPQv0mJTHDWLb4GkeZZAgq5ZNa2q36KnZwZFFzCsBBkFlLGb1gP2o4qloDt5OMfDumOUyIaa+OWQjpWv07kLLF2kIQumTDs25/eSPzNa2cY1zu5UGmGoPjnRXEmKWo6qotGwgBHOXCEcSPcWynvM8M4ulIL/yvhslap7lf881qpcTipY4FskW2yS6rkgDTIMTkjTcLJHXkgT+TZu/cevRfv9TM65U1mNsk3eO8fHUqjbg==</latexit>

Scalar Vector Neutrino

Lmass
<latexit sha1_base64="UnW/IcK7MGwrhF9A+G+IkMuZtXU=">AAACHnicbVDLSsNAFJ34rPUVdSO4GWwFVyWpC10W3bhwUcE+oAlhMp20Q2eSMDMRSojf4sKtfoY7catf4S84SbPQtgcuHM6593Lv8WNGpbKsb2NldW19Y7OyVd3e2d3bNw8OuzJKBCYdHLFI9H0kCaMh6SiqGOnHgiDuM9LzJze533skQtIofFDTmLgcjUIaUIyUljzzuO5wpMYSi/Qu81JHcMiRlFndM2tWwyoAF4ldkhoo0fbMH2cY4YSTUGGmVwxsK1ZuioSimJGs6iSSxAhP0IgMNA0RJ9JNiw8yeKaVIQwioStUsFD/TqSISznlvu4szp33cnGplytCBnKZOUhUcOWmNIwTRUI8uyJIGFQRzLOCQyoIVmyqCcKC6kcgHiOBsNKJVnVC9nwei6TbbNgXDeu+WWtdl1lVwAk4BefABpegBW5BG3QABk/gBbyCN+PZeDc+jM9Z64pRzhyBfzC+fgH8s6LK</latexit>

�L
<latexit sha1_base64="m6uIG5UUT4ZM4xpf1xy2kJ7dm7U=">AAACH3icbVC7TgJBFJ3BF+ILtLSZCCZWZBcLLYk2FhaYyCOBDZkdZmHC7CMzd41kw0/YauPX2Blb/sbZZQsBTzLJybmvM8eNpNBgWQtc2Nre2d0r7pcODo+OT8qV044OY8V4m4UyVD2Xai5FwNsgQPJepDj1Xcm77vQ+rXdfuNIiDJ5hFnHHp+NAeIJRMFKvNmATMXysDctVq25lIJvEzkkV5WgNKxgPRiGLfR4Ak1Trvm1F4CRUgWCSz0uDWPOIsikd876hAfW5dpLM8JxcGmVEvFCZFwDJ1L8TCfW1nvmu6fQpTPR6LRX/q/Vj8G6dRARRDDxgy0NeLAmEJP09GQnFGciZIZQpYbwSNqGKMjAZrVxJdyvt6TkhKzq8ppYz2YRmr0e0STqNun1dt54a1eZdHl8RnaMLdIVsdIOa6AG1UBsxJNEbekcf+BN/4W/8s2wt4HzmDK0AL34B1LOhWg==</latexit>

�R
<latexit sha1_base64="1DZ6eL5P8H6feL179zUfLDhzGQI=">AAACH3icdVBJTwIxGG1dETfQo5dGMPE06YDocCN68YhGlgQI6ZQONHSWtB0jIfwJr3rx13gzXvk3dgZMxOhLmry8b3t9biS40hjP4dr6xubWdmYnu7u3f3CYyx81VRhLyho0FKFsu0QxwQPW0FwL1o4kI74rWMsd3yT11iOTiofBg55ErOeTYcA9Tok2UrvYpSPevy/2cwVs4cpFFZcQtsq44jgJuaw6uFxFtoVTFMAS9X4ewu4gpLHPAk0FUapj40j3pkRqTgWbZbuxYhGhYzJkHUMD4jPVm6aGZ+jMKAPkhdK8QKNU/TkxJb5SE981nT7RI/W7loh/1Tqx9pzelAdRrFlAF4e8WCAdouT3aMAlo1pMDCFUcuMV0RGRhGqT0cqVZLdUnpohtKLrp8RyKpvQvpNB/5NmybLLFr4rFWrXy/gy4AScgnNggytQA7egDhqAAgGewQt4hW/wHX7Az0XrGlzOHIMVwPkXYt6hsQ==</latexit>

U(1)0 Z2

�L 0 -1
�R Q -1

<latexit sha1_base64="inyMRbS6UUWssXuoaajn9yncFto="></latexit>

⌫5
<latexit sha1_base64="KF/2DM0d+kj7OI42Xhh2nlBl64Y=">AAACC3icbZDLSsNAFIZPvNZ6q7p0M9gKrkpSEV0W3bisYC/QhjKZTtqhk0mYi1BCH8GFW30Md+LWh/ApfAUnbRba9oeBj/8/B878QcKZ0q777aytb2xubRd2irt7+weHpaPjloqNJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+C7L209UKhaLRz1JqB/hoWAhI1hbq13pCdO/qvRLZbfqzoSWwcuhDLka/dJPbxATE1GhCcdKdT030X6KpWaE02mxZxRNMBnjIe1aFDiiyk9n507RuXUGKIylfUKjmft3I8WRUpMosJMR1iO1mGXmyixzpArVqrBrdHjjp0wkRlNB5leEhiMdo6wYNGCSEs0nFjCRzH4EkRGWmGhbX9E25C32sQytWtW7rLoPtXL9Nu+qAKdwBhfgwTXU4R4a0AQCY3iBV3hznp1358P5nI+uOfnOCfyT8/ULAbuayg==</latexit>

K+ ! µ+e+e�⌫⌫
<latexit sha1_base64="6GyoOP39E8bkINO0H2yuLtVvZXw=">AAACI3icjVDLSgNBEJyNrxhfUY8iDCaCEAy78aDHoBfBSwSTCNlNmJ30JkNmZ5eZWSEsOfktHrzqZ3gTLx78Bn/ByeOgEsGiG4qqbuguP+ZMadt+tzILi0vLK9nV3Nr6xuZWfnunoaJEUqjTiEfy1icKOBNQ10xzuI0lkNDn0PQHF2O/eQdSsUjc6GEMXkh6ggWMEm2kTn6/eNUuYVdH2A0Tw6BdgvYxdkViqtjJF5yyPQH+mxTQDLVO/tPtRjQJQWjKiVItx461lxKpGeUwyrmJgpjQAelBy1BBQlBeOnljhA+N0sVBJE0LjSfq942UhEoNQ99MhkT31W9vLM71xopUgZpnthIdnHkpE3GiQdDpFUHCsYlkHBjuMglU86EhhEpmHsG0TySh2sSa+19CjUrZOSnb15VC9XyWVRbtoQN0hBx0iqroEtVQHVF0jx7RE3q2HqwX69V6m45mrNnOLvoB6+MLXouivQ==</latexit>

⌫i
<latexit sha1_base64="lOV/bo+IqXImbR9+NA6HzrTrNQ8=">AAACC3icbZC7SgNBFIbPxluMt6ilzWAiWIXdWGgZtLGMYC6QLGF2MpsMmZ1d5iKEJY9gYauPYSe2PoRP4Ss4m2yhSX4Y+Pj/c+DMHyScKe26305hY3Nre6e4W9rbPzg8Kh+ftFVsJKEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJndZ3nmiUrFYPOppQv0IjwQLGcHaWp1qX5gBqw7KFbfmzoVWwcuhArmag/JPfxgTE1GhCcdK9Tw30X6KpWaE01mpbxRNMJngEe1ZFDiiyk/n587QhXWGKIylfUKjuft3I8WRUtMosJMR1mO1nGXm2ixzpArVurBndHjjp0wkRlNBFleEhiMdo6wYNGSSEs2nFjCRzH4EkTGWmGhbX8k25C33sQrtes27qrkP9UrjNu+qCGdwDpfgwTU04B6a0AICE3iBV3hznp1358P5XIwWnHznFP7J+foFVqOa/g==</latexit>

⌫j
<latexit sha1_base64="SNGLsMNMLj6EXOFLMREfrIx79Z8=">AAACC3icbZC7SgNBFIbPeo3xFrW0GUwEq7AbCy2DNpYRzAWSJcxOZpMxs7PLXISw5BEsbPUx7MTWh/ApfAVnky00yQ8DH/9/Dpz5g4QzpV3321lb39jc2i7sFHf39g8OS0fHLRUbSWiTxDyWnQArypmgTc00p51EUhwFnLaD8W2Wt5+oVCwWD3qSUD/CQ8FCRrC2VrvSE6b/WOmXym7VnQktg5dDGXI1+qWf3iAmJqJCE46V6npuov0US80Ip9NizyiaYDLGQ9q1KHBElZ/Ozp2ic+sMUBhL+4RGM/fvRoojpSZRYCcjrEdqMcvMlVnmSBWqVWHX6PDaT5lIjKaCzK8IDUc6RlkxaMAkJZpPLGAimf0IIiMsMdG2vqJtyFvsYxlatap3WXXva+X6Td5VAU7hDC7Agyuowx00oAkExvACr/DmPDvvzofzOR9dc/KdE/gn5+sXWEWa/w==</latexit>

⌫k
<latexit sha1_base64="CnjFD0mRZOKkxpi9rLS/LRYxX9w=">AAACC3icbZC9TsMwFIVvyl8pfwVGFosWialKygBjBQtjkeiP1EaV4zqtFceJbAepivoIDKzwGGyIlYfgKXgFnDQDtD2SpU/n3CtdHy/mTGnb/rZKG5tb2zvl3cre/sHhUfX4pKuiRBLaIRGPZN/DinImaEczzWk/lhSHHqc9L7jL8t4TlYpF4lHPYuqGeCKYzwjWxurVhyIZBfVRtWY37FxoFZwCalCoPar+DMcRSUIqNOFYqYFjx9pNsdSMcDqvDBNFY0wCPKEDgwKHVLlpfu4cXRhnjPxImic0yt2/GykOlZqFnpkMsZ6q5Swz12aZI5Wv1oWDRPs3bspEnGgqyOIKP+FIRygrBo2ZpETzmQFMJDMfQWSKJSba1FcxDTnLfaxCt9lwrhr2Q7PWui26KsMZnMMlOHANLbiHNnSAQAAv8Apv1rP1bn1Yn4vRklXsnMI/WV+/WeebAA==</latexit>

⌫i
<latexit sha1_base64="lOV/bo+IqXImbR9+NA6HzrTrNQ8=">AAACC3icbZC7SgNBFIbPxluMt6ilzWAiWIXdWGgZtLGMYC6QLGF2MpsMmZ1d5iKEJY9gYauPYSe2PoRP4Ss4m2yhSX4Y+Pj/c+DMHyScKe26305hY3Nre6e4W9rbPzg8Kh+ftFVsJKEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJndZ3nmiUrFYPOppQv0IjwQLGcHaWp1qX5gBqw7KFbfmzoVWwcuhArmag/JPfxgTE1GhCcdK9Tw30X6KpWaE01mpbxRNMJngEe1ZFDiiyk/n587QhXWGKIylfUKjuft3I8WRUtMosJMR1mO1nGXm2ixzpArVurBndHjjp0wkRlNBFleEhiMdo6wYNGSSEs2nFjCRzH4EkTGWmGhbX8k25C33sQrtes27qrkP9UrjNu+qCGdwDpfgwTU04B6a0AICE3iBV3hznp1358P5XIwWnHznFP7J+foFVqOa/g==</latexit>

⌫j
<latexit sha1_base64="SNGLsMNMLj6EXOFLMREfrIx79Z8=">AAACC3icbZC7SgNBFIbPeo3xFrW0GUwEq7AbCy2DNpYRzAWSJcxOZpMxs7PLXISw5BEsbPUx7MTWh/ApfAVnky00yQ8DH/9/Dpz5g4QzpV3321lb39jc2i7sFHf39g8OS0fHLRUbSWiTxDyWnQArypmgTc00p51EUhwFnLaD8W2Wt5+oVCwWD3qSUD/CQ8FCRrC2VrvSE6b/WOmXym7VnQktg5dDGXI1+qWf3iAmJqJCE46V6npuov0US80Ip9NizyiaYDLGQ9q1KHBElZ/Ozp2ic+sMUBhL+4RGM/fvRoojpSZRYCcjrEdqMcvMlVnmSBWqVWHX6PDaT5lIjKaCzK8IDUc6RlkxaMAkJZpPLGAimf0IIiMsMdG2vqJtyFvsYxlatap3WXXva+X6Td5VAU7hDC7Agyuowx00oAkExvACr/DmPDvvzofzOR9dc/KdE/gn5+sXWEWa/w==</latexit>

⌫k
<latexit sha1_base64="CnjFD0mRZOKkxpi9rLS/LRYxX9w=">AAACC3icbZC9TsMwFIVvyl8pfwVGFosWialKygBjBQtjkeiP1EaV4zqtFceJbAepivoIDKzwGGyIlYfgKXgFnDQDtD2SpU/n3CtdHy/mTGnb/rZKG5tb2zvl3cre/sHhUfX4pKuiRBLaIRGPZN/DinImaEczzWk/lhSHHqc9L7jL8t4TlYpF4lHPYuqGeCKYzwjWxurVhyIZBfVRtWY37FxoFZwCalCoPar+DMcRSUIqNOFYqYFjx9pNsdSMcDqvDBNFY0wCPKEDgwKHVLlpfu4cXRhnjPxImic0yt2/GykOlZqFnpkMsZ6q5Swz12aZI5Wv1oWDRPs3bspEnGgqyOIKP+FIRygrBo2ZpETzmQFMJDMfQWSKJSba1FcxDTnLfaxCt9lwrhr2Q7PWui26KsMZnMMlOHANLbiHNnSAQAAv8Apv1rP1bn1Yn4vRklXsnMI/WV+/WeebAA==</latexit>

⌫i
<latexit sha1_base64="lOV/bo+IqXImbR9+NA6HzrTrNQ8=">AAACC3icbZC7SgNBFIbPxluMt6ilzWAiWIXdWGgZtLGMYC6QLGF2MpsMmZ1d5iKEJY9gYauPYSe2PoRP4Ss4m2yhSX4Y+Pj/c+DMHyScKe26305hY3Nre6e4W9rbPzg8Kh+ftFVsJKEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJndZ3nmiUrFYPOppQv0IjwQLGcHaWp1qX5gBqw7KFbfmzoVWwcuhArmag/JPfxgTE1GhCcdK9Tw30X6KpWaE01mpbxRNMJngEe1ZFDiiyk/n587QhXWGKIylfUKjuft3I8WRUtMosJMR1mO1nGXm2ixzpArVurBndHjjp0wkRlNBFleEhiMdo6wYNGSSEs2nFjCRzH4EkTGWmGhbX8k25C33sQrtes27qrkP9UrjNu+qCGdwDpfgwTU04B6a0AICE3iBV3hznp1358P5XIwWnHznFP7J+foFVqOa/g==</latexit>

⌫j
<latexit sha1_base64="SNGLsMNMLj6EXOFLMREfrIx79Z8=">AAACC3icbZC7SgNBFIbPeo3xFrW0GUwEq7AbCy2DNpYRzAWSJcxOZpMxs7PLXISw5BEsbPUx7MTWh/ApfAVnky00yQ8DH/9/Dpz5g4QzpV3321lb39jc2i7sFHf39g8OS0fHLRUbSWiTxDyWnQArypmgTc00p51EUhwFnLaD8W2Wt5+oVCwWD3qSUD/CQ8FCRrC2VrvSE6b/WOmXym7VnQktg5dDGXI1+qWf3iAmJqJCE46V6npuov0US80Ip9NizyiaYDLGQ9q1KHBElZ/Ozp2ic+sMUBhL+4RGM/fvRoojpSZRYCcjrEdqMcvMlVnmSBWqVWHX6PDaT5lIjKaCzK8IDUc6RlkxaMAkJZpPLGAimf0IIiMsMdG2vqJtyFvsYxlatap3WXXva+X6Td5VAU7hDC7Agyuowx00oAkExvACr/DmPDvvzofzOR9dc/KdE/gn5+sXWEWa/w==</latexit>

⌫k
<latexit sha1_base64="CnjFD0mRZOKkxpi9rLS/LRYxX9w=">AAACC3icbZC9TsMwFIVvyl8pfwVGFosWialKygBjBQtjkeiP1EaV4zqtFceJbAepivoIDKzwGGyIlYfgKXgFnDQDtD2SpU/n3CtdHy/mTGnb/rZKG5tb2zvl3cre/sHhUfX4pKuiRBLaIRGPZN/DinImaEczzWk/lhSHHqc9L7jL8t4TlYpF4lHPYuqGeCKYzwjWxurVhyIZBfVRtWY37FxoFZwCalCoPar+DMcRSUIqNOFYqYFjx9pNsdSMcDqvDBNFY0wCPKEDgwKHVLlpfu4cXRhnjPxImic0yt2/GykOlZqFnpkMsZ6q5Swz12aZI5Wv1oWDRPs3bspEnGgqyOIKP+FIRygrBo2ZpETzmQFMJDMfQWSKJSba1FcxDTnLfaxCt9lwrhr2Q7PWui26KsMZnMMlOHANLbiHNnSAQAAv8Apv1rP1bn1Yn4vRklXsnMI/WV+/WeebAA==</latexit>

Neutrino	portal	DM

The	one	active	generation	neutrino	mass	matrix	reads:

Z2
<latexit sha1_base64="TNG5ClEhEjyPJvgC9xmDodIjDAQ=">AAACFXicjVDLSsNAFL2pr1ofjbp0M9gKrkrSLnRZdOOygn1gG8JkOmmHTiZhZiKU0O9w4VY/w524de1X+AtO2i5UKnjgwuGce+HcEyScKe04H1ZhbX1jc6u4XdrZ3dsv2weHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk6vc795TqVgsbvU0oV6ER4KFjGBtJN8uVwcR1mOCeXY38+tV3664NWcO9DepwBIt3/4cDGOSRlRowrFSfddJtJdhqRnhdFYapIommEzwiPYNFTiiysvmwWfo1ChDFMbSjNBorn6/yHCk1DQKzGaeUv32cnGllytShWqV2U91eOFlTCSppoIsUoQpRzpGeUVoyCQlmk8NwUQy8wgiYywx0abI0v8a6tRrbqPm3NQrzctlV0U4hhM4AxfOoQnX0II2EEjhEZ7g2XqwXqxX622xWrCWN0fwA9b7Fx+onpQ=</latexit>

⌫h
<latexit sha1_base64="OCuJTtbzY+/XZlMV4VWeUC8hykY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQsugjWUE8wHJEfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSp9qX6WBcHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu17yrmvtQrzRu8ziKcAbncAkeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8weTLo8O</latexit>

⌫h0/⌫↵
<latexit sha1_base64="G+pvXSHwVkRk7Thhsedg5QGmutk=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYSlIGGCtYGItEH1ITIsd1Wqu2E9kOUhV1YOFXWBhAiJWPYONvcNoM0HKkKx2fc6987wkTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqTiUmbRyzWPZCpAijgrQ11Yz0EkkQDxnphuPr3O8+EKloLO70JCE+R0NBI4qRNlJgV2qeSINsdO8lknIyPcufHmLJCNUCu+rUnRngMnELUgUFWoH95Q1inHIiNGZIqb7rJNrPkNQUMzIte6kiCcJjNCR9QwXiRPnZ7IgpPDHKAEaxNCU0nKm/JzLElZrw0HRypEdq0cvF/7x+qqNLP6MiSTUReP5RlDKoY5gnAgdUEqzZxBCEJTW7QjxCEmFtciubENzFk5dJp1F3z+vObaPavCriKIEKOAanwAUXoAluQAu0AQaP4Bm8gjfryXqx3q2PeeuKVcwcgT+wPn8AjoiYBQ==</latexit>

⌫h
<latexit sha1_base64="OCuJTtbzY+/XZlMV4VWeUC8hykY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQsugjWUE8wHJEfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSp9qX6WBcHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu17yrmvtQrzRu8ziKcAbncAkeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8weTLo8O</latexit>

⌫h
<latexit sha1_base64="OCuJTtbzY+/XZlMV4VWeUC8hykY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQsugjWUE8wHJEfY2c8mSvb1jd08IR36EjYUitv4eO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSp9qX6WBcHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu17yrmvtQrzRu8ziKcAbncAkeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8weTLo8O</latexit>
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