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M. Hostert

New physics is out there
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Dark	Matter

At	the	electroweak	scale,	the	Standard	Model	does	too	good	a	job,	but…

Neutrino	mixing	and	masses

stable	and	neutral	particles?heavy	neutral	leptons?
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Dark sector separate from the SM
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Perhaps	new	degrees	of	freedom	in	a	dark	sector	of	their	own?

DM,	heavy	neutrinos,	…	

Dark	SectorStandard	
Model

new	symmetries?

new	force	carriers?

C.	Boehm	and	P.	Fayet,	2003
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My dark sector wish list
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2)	Dark	sector:	minimal,	but	consistent	(e.g.	dark	
photons	need	a	mass	mechanism).

3)	Assume	new	interactions	are	confined	to	the	
dark	sector	(as	opposed	to	B-L,	etc).

Dark	Sector

1) Would	like	to	have	a	testable	neutrino	mass	
model.
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A	new	gauge	symmetry	confined	to	the	dark	sector
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A	pair	of	heavy	neutrino	fields:

Completely	sterile	 Charged	under		
new	dark	force	
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A	new	gauge	symmetry	confined	to	the	dark	sector
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SU(3)c SU(2)L U(1)Y U(1)0

N 1 1 0 0
⌫D 1 1 0 Q
� 1 1 0 Q
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Neutrino	mass	matrix	with	a	single	generation	of	active	neutrinos	

—	Pair	of	heavy	neutrinos	resembles	Inverse,	Extended	and	Linear	seesaw—	
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Neutrino	mass	matrix	with	a	single	generation	of	active	neutrinos	

—	Pair	of	heavy	neutrinos	resembles	Inverse,	Extended	and	Linear	seesaw—	

symmetry	protected

µ0
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Lepton	number	violation
µ0

<latexit sha1_base64="Nl/fEdTO7ncZL/RxxODvBLCHVWU=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQlJTa3dFNy4r2Ac2sUymk3bozCTMTIQS+hduXCji1r9x5984aSuo6IELh3Pu5d57woRRpR3nw1paXlldWy9sFDe3tnd2S3v7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC8WXud+6JVDQWN3qSkICjoaARxUgb6dbn6Z2fSMpJv1R27Gql6tUd6Niu57q1M5grdc+tQNd2ZiiDBZr90rs/iHHKidCYIaV6rpPoIENSU8zItOiniiQIj9GQ9AwViBMVZLOLp/DYKAMYxdKU0HCmfp/IEFdqwkPTyZEeqd9eLv7l9VIdnQcZFUmqicDzRVHKoI5h/j4cUEmwZhNDEJbU3ArxCEmEtQmpaEL4+hT+T9oV2z21nWuv3LhYxFEAh+AInAAX1EADXIEmaAEMBHgAT+DZUtaj9WK9zluXrMXMAfgB6+0TIkCROQ==</latexit>



M. Hostert

Neutrino	mass	matrix	with	a	single	generation	of	active	neutrinos	

—	Pair	of	heavy	neutrinos	resembles	Inverse,	Extended	and	Linear	seesaw—	

Lmass �
1

2

�
⌫↵ N ⌫D

�
0

@
0 mD 0

mD µ0 ⇤
0 ⇤ 0

1

A

0

@
⌫c↵
N c

⌫cD

1

A

<latexit sha1_base64="d/tVzPkl8o8sLO0Zab45QMydTQE="></latexit>

15

Neutrino masses

m4,5 =
µ0 ⌥

p
µ0 2 + 4(⇤2 +m2

D)

2
<latexit sha1_base64="F/nAGpmhE1Jqa154yly0vRTfih0="></latexit>

m3 = 0
<latexit sha1_base64="0VQ8y/vjn0saeHwPBb/3bZiqqG4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8laQS9C0YvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjcX42yusrW9sbhW3Szu7e/sH5cOjlolTTVmTxiLWnZAYJrhiTcutYJ1EMyJDwdrh+G7mt5+YNjxWj3aSsECSoeIRp8Q6qS37NXSDcL9cwVU8B1olfk4qkKPRL3/1BjFNJVOWCmJM18eJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+7hSdOWWAoli7UhbN1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbIxmv2OBlwzasXEEUI1d7ciOiKaUOsSKrkQ/OWXV0nrourXqvjhslK/zeMowgmcwjn4cAV1uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+dhY5u</latexit>



M. Hostert 16

Neutrino masses at one-loop level

New	particles	generate	light	neutrino	masses	radiatively!	
Receive	SM	and	BSM	contributions.

For	instance,	if	in	an	Extended	Seesaw	scenario	(																			)		and	m5 � m4
<latexit sha1_base64="InCoKvFpQ68SQYpsujQeoGi3MG0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JURY9FLx4r2A9oQ9hsN+nS3STubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fsKZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpJLRFYh7Lro8V5SyiLc00p91EUix8Tjv+6G7md8ZUKhZHj3qSUFfgMGIBI1gbya0K7wr1wxAJ77LqlSt2zZ4DrRInJxXI0fTKX/1BTFJBI004Vqrn2Il2Myw1I5xOS/1U0QSTEQ5pz9AIC6rcbH70FJ0ZZYCCWJqKNJqrvycyLJSaCN90CqyHatmbif95vVQHN27GoiTVNCKLRUHKkY7RLAE0YJISzSeGYCKZuRWRIZaYaJNTyYTgLL+8Str1mnNRsx/qlcZtHkcRTuAUzsGBa2jAPTShBQSe4Ble4c0aWy/Wu/WxaC1Y+cwx/IH1+QOd6JCv</latexit>

m3 ' g0 2

16⇡2

m2
D

⇤2 +m2
D

⇤2

m2
Z0

µ0

 
3 ln

m2
Z0

µ02 + ln
m2

'0

µ02

!

<latexit sha1_base64="HmKy/NSOA9dvhd4EPa5l95nGlKo="></latexit>

mZ0 ,m'0 ⌧ m5
<latexit sha1_base64="8SASBdBWK8SS8WU/reMvLajJwkM=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxCF1JmvKDLohuXFewFO+OQSTNtaJIZkkyhDH0FN76KGxeKuHXnzrcxbUfQ1h8Cf75zDsn5w4RRpR3ny1pYXFpeWS2sFdc3Nre27Z3dhopTiUkdxyyWrRApwqggdU01I61EEsRDRpph/2pcbw6IVDQWt3qYEJ+jrqARxUgbFNhlHmR3914iKSejI2hu3gDJpEd/GPQYM/gssEtOxZkIzhs3NyWQqxbYn14nxiknQmOGlGq7TqL9DElNMSOjopcqkiDcR13SNlYgTpSfTTYawUNDOjCKpTlCwwn9PZEhrtSQh6aTI91Ts7Ux/K/WTnV04WdUJKkmAk8filIGdQzH8cAOlQRrNjQGYUnNXyHuIYmwNiEWTQju7MrzpnFccU8qzs1pqXqZx1EA++AAlIELzkEVXIMaqAMMHsATeAGv1qP1bL1Z79PWBSuf2QN/ZH18A5KSnXQ=</latexit>
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Looking for the heavy neutrinos

17

R =
m4

m5
= �U2

↵5

U2
↵4

<latexit sha1_base64="EdHQZ1aRHcqozXvk6xamcqLkRes=">AAACJnicbVDLTgIxFO3gC/E16tJNIzFxI5lBiG5IiG5conGAhMFJp3SgofNI2zEhk/kaN/6KGxcYY9z5KXZgFgiepM2559yb9h43YlRIw/jWCmvrG5tbxe3Szu7e/oF+eNQWYcwxsXDIQt51kSCMBsSSVDLSjThBvstIxx3fZn7nmXBBw+BRTiLS99EwoB7FSCrJ0RsPsAFtjyOc+E4tVVc9VcpFrllOYiMWjRCsp0/VdKGuZbWjl42KMQNcJWZOyiBHy9Gn9iDEsU8CiRkSomcakewniEuKGUlLdixIhPAYDUlP0QD5RPST2ZopPFPKAHohVyeQcKYuTiTIF2Liu6rTR3Iklr1M/M/rxdK77ic0iGJJAjx/yIsZlCHMMoMDygmWbKIIwpyqv0I8QiofqZItqRDM5ZVXSbtaMS8rxn2t3LzJ4yiCE3AKzoEJrkAT3IEWsAAGL+ANTMGH9qq9a5/a17y1oOUzx+APtJ9fHqukXg==</latexit>

1% < R < 99%
<latexit sha1_base64="qs9torR0u+ufcHAnAL2UyZIPHVw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FScFUSFbTgoujGZRV7gTaUyXTSDp1MwsykUELfxI0LRdz6Ju58GydtFtr6w4GP/5zDnPn9mDOlHefbKqytb2xuFbdLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74Luu3J1QqFoknPY2pF+KhYAEjWBurb9su6lXQDXo0VasZ7ttlp+rMhVbBzaEMuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jUocEiVl84vn6GKcQYoiKQpodHc/b2R4lCpaeibyRDrkVruZeZ/vW6ig2svZSJONBVk8VCQcKQjlMWABkxSovnUACaSmVsRGWGJiTZhlUwI7vKXV6F1XnUvqs7DZbl+m8dRhBM4hTNw4QrqcA8NaAKBCTzDK7xZqfVivVsfi9GCle8cwx9Znz++LJB8</latexit>

m3 =
q

�m2
atm

<latexit sha1_base64="nRFMGyKBG8EoSkgQKw2ZNkmI4sI=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFclaQVdCMUdeGygn1AE8NkOmmHziRx5kYooXs3/oobF4q49Qfc+TdOHwttPXDhcM693HtPkAiuwba/raXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBI9YAzgI1k4UIzIQrBUMLsd+64EpzePoFoYJ8yTpRTzklICR/EJR+lV8jl19ryBzr5gAgqWfuUpiAnJ0V8Ejv1Cyy/YEeJE4M1JCM9T9wpfbjWkqWQRUEK07jp2AlxEFnAo2yrupZgmhA9JjHUMjIpn2sskvI3xklC4OY2UqAjxRf09kRGo9lIHplAT6et4bi/95nRTCMy/jUZICi+h0UZgKDDEeB4O7XDEKYmgIoYqbWzHtE0UomPjyJgRn/uVF0qyUnWrZvjkp1S5mceTQISqiY+SgU1RD16iOGoiiR/SMXtGb9WS9WO/Wx7R1yZrNHKA/sD5/AH6EmhI=</latexit>

Blue	band	is	from:
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R =
m4

m5
= �U2

↵5

U2
↵4

<latexit sha1_base64="EdHQZ1aRHcqozXvk6xamcqLkRes=">AAACJnicbVDLTgIxFO3gC/E16tJNIzFxI5lBiG5IiG5conGAhMFJp3SgofNI2zEhk/kaN/6KGxcYY9z5KXZgFgiepM2559yb9h43YlRIw/jWCmvrG5tbxe3Szu7e/oF+eNQWYcwxsXDIQt51kSCMBsSSVDLSjThBvstIxx3fZn7nmXBBw+BRTiLS99EwoB7FSCrJ0RsPsAFtjyOc+E4tVVc9VcpFrllOYiMWjRCsp0/VdKGuZbWjl42KMQNcJWZOyiBHy9Gn9iDEsU8CiRkSomcakewniEuKGUlLdixIhPAYDUlP0QD5RPST2ZopPFPKAHohVyeQcKYuTiTIF2Liu6rTR3Iklr1M/M/rxdK77ic0iGJJAjx/yIsZlCHMMoMDygmWbKIIwpyqv0I8QiofqZItqRDM5ZVXSbtaMS8rxn2t3LzJ4yiCE3AKzoEJrkAT3IEWsAAGL+ANTMGH9qq9a5/a17y1oOUzx+APtJ9fHqukXg==</latexit>

1% < R < 99%
<latexit sha1_base64="qs9torR0u+ufcHAnAL2UyZIPHVw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FScFUSFbTgoujGZRV7gTaUyXTSDp1MwsykUELfxI0LRdz6Ju58GydtFtr6w4GP/5zDnPn9mDOlHefbKqytb2xuFbdLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74Luu3J1QqFoknPY2pF+KhYAEjWBurb9su6lXQDXo0VasZ7ttlp+rMhVbBzaEMuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jUocEiVl84vn6GKcQYoiKQpodHc/b2R4lCpaeibyRDrkVruZeZ/vW6ig2svZSJONBVk8VCQcKQjlMWABkxSovnUACaSmVsRGWGJiTZhlUwI7vKXV6F1XnUvqs7DZbl+m8dRhBM4hTNw4QrqcA8NaAKBCTzDK7xZqfVivVsfi9GCle8cwx9Znz++LJB8</latexit>

m3 =
q

�m2
atm

<latexit sha1_base64="nRFMGyKBG8EoSkgQKw2ZNkmI4sI=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFclaQVdCMUdeGygn1AE8NkOmmHziRx5kYooXs3/oobF4q49Qfc+TdOHwttPXDhcM693HtPkAiuwba/raXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBI9YAzgI1k4UIzIQrBUMLsd+64EpzePoFoYJ8yTpRTzklICR/EJR+lV8jl19ryBzr5gAgqWfuUpiAnJ0V8Ejv1Cyy/YEeJE4M1JCM9T9wpfbjWkqWQRUEK07jp2AlxEFnAo2yrupZgmhA9JjHUMjIpn2sskvI3xklC4OY2UqAjxRf09kRGo9lIHplAT6et4bi/95nRTCMy/jUZICi+h0UZgKDDEeB4O7XDEKYmgIoYqbWzHtE0UomPjyJgRn/uVF0qyUnWrZvjkp1S5mceTQISqiY+SgU1RD16iOGoiiR/SMXtGb9WS9WO/Wx7R1yZrNHKA/sD5/AH6EmhI=</latexit>

Blue	band	is	from:

T.	Boschi

Looking for the heavy neutrinos
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<latexit sha1_base64="EdHQZ1aRHcqozXvk6xamcqLkRes=">AAACJnicbVDLTgIxFO3gC/E16tJNIzFxI5lBiG5IiG5conGAhMFJp3SgofNI2zEhk/kaN/6KGxcYY9z5KXZgFgiepM2559yb9h43YlRIw/jWCmvrG5tbxe3Szu7e/oF+eNQWYcwxsXDIQt51kSCMBsSSVDLSjThBvstIxx3fZn7nmXBBw+BRTiLS99EwoB7FSCrJ0RsPsAFtjyOc+E4tVVc9VcpFrllOYiMWjRCsp0/VdKGuZbWjl42KMQNcJWZOyiBHy9Gn9iDEsU8CiRkSomcakewniEuKGUlLdixIhPAYDUlP0QD5RPST2ZopPFPKAHohVyeQcKYuTiTIF2Liu6rTR3Iklr1M/M/rxdK77ic0iGJJAjx/yIsZlCHMMoMDygmWbKIIwpyqv0I8QiofqZItqRDM5ZVXSbtaMS8rxn2t3LzJ4yiCE3AKzoEJrkAT3IEWsAAGL+ANTMGH9qq9a5/a17y1oOUzx+APtJ9fHqukXg==</latexit>

1% < R < 99%
<latexit sha1_base64="qs9torR0u+ufcHAnAL2UyZIPHVw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FScFUSFbTgoujGZRV7gTaUyXTSDp1MwsykUELfxI0LRdz6Ju58GydtFtr6w4GP/5zDnPn9mDOlHefbKqytb2xuFbdLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74Luu3J1QqFoknPY2pF+KhYAEjWBurb9su6lXQDXo0VasZ7ttlp+rMhVbBzaEMuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jUocEiVl84vn6GKcQYoiKQpodHc/b2R4lCpaeibyRDrkVruZeZ/vW6ig2svZSJONBVk8VCQcKQjlMWABkxSovnUACaSmVsRGWGJiTZhlUwI7vKXV6F1XnUvqs7DZbl+m8dRhBM4hTNw4QrqcA8NaAKBCTzDK7xZqfVivVsfi9GCle8cwx9Znz++LJB8</latexit>

m3 =
q

�m2
atm

<latexit sha1_base64="nRFMGyKBG8EoSkgQKw2ZNkmI4sI=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFclaQVdCMUdeGygn1AE8NkOmmHziRx5kYooXs3/oobF4q49Qfc+TdOHwttPXDhcM693HtPkAiuwba/raXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBI9YAzgI1k4UIzIQrBUMLsd+64EpzePoFoYJ8yTpRTzklICR/EJR+lV8jl19ryBzr5gAgqWfuUpiAnJ0V8Ejv1Cyy/YEeJE4M1JCM9T9wpfbjWkqWQRUEK07jp2AlxEFnAo2yrupZgmhA9JjHUMjIpn2sskvI3xklC4OY2UqAjxRf09kRGo9lIHplAT6et4bi/95nRTCMy/jUZICi+h0UZgKDDEeB4O7XDEKYmgIoYqbWzHtE0UomPjyJgRn/uVF0qyUnWrZvjkp1S5mceTQISqiY+SgU1RD16iOGoiiR/SMXtGb9WS9WO/Wx7R1yZrNHKA/sD5/AH6EmhI=</latexit>

Blue	band	is	from:

Looking for the heavy neutrinos
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What we have so far

Heavy	neutrinos	interact	strongly	in	a	dark	sector

Light	neutrino	masses	arise	radiatively

Dark	SectorStandard	
Model

Neutrino	mixing

See	also	C.	Diaz	et	al,	1712.05433,	Bertuzzo	et	al,	1808.02500	
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Portals to the dark sector

Neutral	BSM	particle		
+	

SM	singlet	terms

H†H
<latexit sha1_base64="zDhfUnQEyGH5o5769RRgzHxKH+M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRS48V7AeksWw2m3TpZjfsboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MONMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WuCG0TyaXqhVhTzgRtG2Y47WWK4jTktBuO7mZ+94kqzaR4MOOMBilOBIsZwcZKfvOxH+EkoQo1B9WaW3fnQKvEK0gNCrQG1a9+JEmeUmEIx1r7npuZYIKVYYTTaaWfa5phMsIJ9S0VOKU6mMxPnqIzq0QolsqWMGiu/p6Y4FTrcRrazhSboV72ZuJ/np+b+CaYMJHlhgqyWBTnHBmJZv+jiClKDB9bgoli9lZEhlhhYmxKFRuCt/zyKulc1L3Lunt/VWvcFnGU4QRO4Rw8uIYGNKEFbSAg4Rle4c0xzovz7nwsWktOMXMMf+B8/gCD0JC+</latexit>

|�|2
<latexit sha1_base64="Zve+FQU5w7/tpeW4xg9CyFAhPUI=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV1GXRjcsK9gFtLJPppB06mcSZiVDS/oQbF4q49Xfc+TdO2hRU9MAwh3Pu5d57/JgzpR3n0yosLa+srhXXSxubW9s75d29pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80VXmtx6oVCwSt3ocUy/EA8ECRrA2UnvSrQ/Z5K7aK1cc+8zJgBy7uiC54tqz36lAjnqv/NHtRyQJqdCEY6U6rhNrL8VSM8LptNRNFI0xGeEB7RgqcEiVl872naIjo/RREEnzhEYz9XtHikOlxqFvKkOsh+q3l4l/eZ1EBxdeykScaCrIfFCQcKQjlB2P+kxSovnYEEwkM7siMsQSE20iKpkQFpei/0mzarsntnNzWqld5nEU4QAO4RhcOIcaXEMdGkCAwyM8w4t1bz1Zr9bbvLRg5T378APW+xfm+4/f</latexit>

N c
<latexit sha1_base64="65AqLxFAnc+8KDrNTO+7YqjCNt8=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgashUUZdFN66kon1AO5ZMmmlDM5khyQhl6Ce4caGIW7/InX9j2o6gogdCDufcy733BIng2mD84RQWFpeWV4qrpbX1jc2t8vZOU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6GLqt+6Z0jyWt2acMD8iA8lDTomx0s3VHe2VK9g9wVMg7Fa/SK547uzHFchR75Xfu/2YphGThgqidcfDifEzogyngk1K3VSzhNARGbCOpZJETPvZbNUJOrBKH4Wxsk8aNFO/d2Qk0nocBbYyImaof3tT8S+vk5rwzM+4TFLDJJ0PClOBTIymd6M+V4waMbaEUMXtrogOiSLU2HRKNoSvS9H/pFl1vSMXXx9Xaud5HEXYg304BA9OoQaXUIcGUBjAAzzBsyOcR+fFeZ2XFpy8Zxd+wHn7BCsHjbc=</latexit>

(LH̃)
<latexit sha1_base64="OOzkRPr+Xe6Ha/xnnbo7ZqF+Bxc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZFXRZdNOFiwr2AZ2hZDKZNjSTDElGKEPd+CtuXCji1r9w59+YaWehrQcCh3Pu4eaeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/rUQqMWlhwYTsBkgRRjlpaaoZ6SaSoDhgpBOMbnK/80CkooLf63FC/BgNOI0oRtpIffuw6gnj5/HsdgI9TVlIssbktG9XnJozBVwkbkEqoECzb395ocBpTLjGDCnVc51E+xmSmmJGJmUvVSRBeIQGpGcoRzFRfja9YAJPjBLCSEjzuIZT9XciQ7FS4zgwkzHSQzXv5eJ/Xi/V0ZWfUZ6kmnA8WxSlDGoB8zpgSCXBmo0NQVhS81eIh0girE1pZVOCO3/yImmf1dzzmnN3UalfF3WUwBE4BlXggktQBw3QBC2AwSN4Bq/gzXqyXqx362M2umQVmQPwB9bnD0AglsA=</latexit>

—						Higgs	portal	(scalar	mixing)	

dim	4}
<latexit sha1_base64="Jd3B4pbgSdF7SIopAY9TlbYYmUk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvcuqe1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB582jWk=</latexit>

Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

—						Vector	portal	(kinetic	mixing)

—								Neutrino	portal	(neutrino	mixing)	
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H†H
<latexit sha1_base64="zDhfUnQEyGH5o5769RRgzHxKH+M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRS48V7AeksWw2m3TpZjfsboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MONMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WuCG0TyaXqhVhTzgRtG2Y47WWK4jTktBuO7mZ+94kqzaR4MOOMBilOBIsZwcZKfvOxH+EkoQo1B9WaW3fnQKvEK0gNCrQG1a9+JEmeUmEIx1r7npuZYIKVYYTTaaWfa5phMsIJ9S0VOKU6mMxPnqIzq0QolsqWMGiu/p6Y4FTrcRrazhSboV72ZuJ/np+b+CaYMJHlhgqyWBTnHBmJZv+jiClKDB9bgoli9lZEhlhhYmxKFRuCt/zyKulc1L3Lunt/VWvcFnGU4QRO4Rw8uIYGNKEFbSAg4Rle4c0xzovz7nwsWktOMXMMf+B8/gCD0JC+</latexit>

|�|2
<latexit sha1_base64="Zve+FQU5w7/tpeW4xg9CyFAhPUI=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV1GXRjcsK9gFtLJPppB06mcSZiVDS/oQbF4q49Xfc+TdO2hRU9MAwh3Pu5d57/JgzpR3n0yosLa+srhXXSxubW9s75d29pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80VXmtx6oVCwSt3ocUy/EA8ECRrA2UnvSrQ/Z5K7aK1cc+8zJgBy7uiC54tqz36lAjnqv/NHtRyQJqdCEY6U6rhNrL8VSM8LptNRNFI0xGeEB7RgqcEiVl872naIjo/RREEnzhEYz9XtHikOlxqFvKkOsh+q3l4l/eZ1EBxdeykScaCrIfFCQcKQjlB2P+kxSovnYEEwkM7siMsQSE20iKpkQFpei/0mzarsntnNzWqld5nEU4QAO4RhcOIcaXEMdGkCAwyM8w4t1bz1Zr9bbvLRg5T378APW+xfm+4/f</latexit>

N c
<latexit sha1_base64="65AqLxFAnc+8KDrNTO+7YqjCNt8=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgashUUZdFN66kon1AO5ZMmmlDM5khyQhl6Ce4caGIW7/InX9j2o6gogdCDufcy733BIng2mD84RQWFpeWV4qrpbX1jc2t8vZOU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6GLqt+6Z0jyWt2acMD8iA8lDTomx0s3VHe2VK9g9wVMg7Fa/SK547uzHFchR75Xfu/2YphGThgqidcfDifEzogyngk1K3VSzhNARGbCOpZJETPvZbNUJOrBKH4Wxsk8aNFO/d2Qk0nocBbYyImaof3tT8S+vk5rwzM+4TFLDJJ0PClOBTIymd6M+V4waMbaEUMXtrogOiSLU2HRKNoSvS9H/pFl1vSMXXx9Xaud5HEXYg304BA9OoQaXUIcGUBjAAzzBsyOcR+fFeZ2XFpy8Zxd+wHn7BCsHjbc=</latexit>

(LH̃)
<latexit sha1_base64="OOzkRPr+Xe6Ha/xnnbo7ZqF+Bxc=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZFXRZdNOFiwr2AZ2hZDKZNjSTDElGKEPd+CtuXCji1r9w59+YaWehrQcCh3Pu4eaeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/rUQqMWlhwYTsBkgRRjlpaaoZ6SaSoDhgpBOMbnK/80CkooLf63FC/BgNOI0oRtpIffuw6gnj5/HsdgI9TVlIssbktG9XnJozBVwkbkEqoECzb395ocBpTLjGDCnVc51E+xmSmmJGJmUvVSRBeIQGpGcoRzFRfja9YAJPjBLCSEjzuIZT9XciQ7FS4zgwkzHSQzXv5eJ/Xi/V0ZWfUZ6kmnA8WxSlDGoB8zpgSCXBmo0NQVhS81eIh0girE1pZVOCO3/yImmf1dzzmnN3UalfF3WUwBE4BlXggktQBw3QBC2AwSN4Bq/gzXqyXqx362M2umQVmQPwB9bnD0AglsA=</latexit>

—						Higgs	portal	(scalar	mixing)	

dim	4}
<latexit sha1_base64="Jd3B4pbgSdF7SIopAY9TlbYYmUk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvcuqe1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB582jWk=</latexit>

Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

—						Vector	portal	(kinetic	mixing)

Portals to the dark sector

Neutral	BSM	particle		
+	

SM	singlet	terms

—								Neutrino	portal	(neutrino	mixing)	

No	reason	why	should	not	be	there!
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Full picture

The	dark	sector	interactions	“leak”	to	the	SM	via	the	three	portals.	

Portal	couplings	are	*theoretically*	unconstrained	and	expected	to	be	large!	

Dark	SectorStandard	
Model

Neutrino	mixing

Vector	mixing

scalar	mixing
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Vector portal

Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

sin�

2
<latexit sha1_base64="FkCyaGUvoQhKisD9WGyxmhU//jU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWpgi6LblxWsA9oQplMJ+3QySTMTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFulldW19Y3yZmVre2d3z94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN9M/c4DlYrF4l5PEupHeChYyAjWRurbR14oMck8xUTmkRHL86ye9+2qU3NmQMvELUgVCjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOKliiaYjPGQ9gwVOKLKz2bX5+jUKAMUxtKU0Gim/p7IcKTUJApMZ4T1SC16U/E/r5fq8MrPmEhSTQWZLwpTjnSMplGgAZOUaD4xBBPJzK2IjLCJQ5vAKiYEd/HlZdKu19zzmnN3UW1cF3GU4RhO4AxcuIQG3EITWkDgEZ7hFd6sJ+vFerc+5q0lq5g5hD+wPn8AQ6WVvQ==</latexit>

For	a	light	boson	—>	couples	only	to	electric	charge	(dark	photon).

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>

.	.	.	.	.	.	.	.	.	.	.	

At	beam	dumps	and	colliders:

�
<latexit sha1_base64="HZsI6crMQgxF7BWk5N6VylP7rA8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4qPj3l+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDh5WPFw==</latexit>

Z 0

Z 0 �
<latexit sha1_base64="HZsI6crMQgxF7BWk5N6VylP7rA8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4qPj3l+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDh5WPFw==</latexit>

*

Z 0
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Dark photon

Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

sin�

2
<latexit sha1_base64="FkCyaGUvoQhKisD9WGyxmhU//jU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWpgi6LblxWsA9oQplMJ+3QySTMTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFulldW19Y3yZmVre2d3z94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN9M/c4DlYrF4l5PEupHeChYyAjWRurbR14oMck8xUTmkRHL86ye9+2qU3NmQMvELUgVCjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOKliiaYjPGQ9gwVOKLKz2bX5+jUKAMUxtKU0Gim/p7IcKTUJApMZ4T1SC16U/E/r5fq8MrPmEhSTQWZLwpTjnSMplGgAZOUaD4xBBPJzK2IjLCJQ5vAKiYEd/HlZdKu19zzmnN3UW1cF3GU4RhO4AxcuIQG3EITWkDgEZ7hFd6sJ+vFerc+5q0lq5g5hD+wPn8AQ6WVvQ==</latexit>

For	a	light	boson	—>	couples	only	to	electric	charge	(dark	photon).

e
c W

�
<latexit sha1_base64="w1vdLPEIVf7fm1AwT/rvkKr7U+g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXisYG2hCWWznbRLN5uwuxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2DR51kimGLJSJRnZBqFFxiy3AjsJMqpHEosB2Obqd++wmV5ol8MOMUg5gOJI84o8ZKPhL/jPXaxGdD3qvW3Lo7A1kmXkFqUKDZq375/YRlMUrDBNW667mpCXKqDGcCJxU/05hSNqID7FoqaYw6yGc3T8iJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/Xjcz0XWQc5lmBiWbL4oyQUxCpgGQPlfIjBhbQpni9lbChlRRZmxMFRuCt/jyMnk8r3sXdff+sta4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w+rlZDK</latexit>

M. Bauer et al., 1803.05466
mZ0(GeV)

<latexit sha1_base64="xjriRTXpA3Yn4eBMTD1jRW0kI8g=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4Iegx70GME8MIlhdtJJhszMLjOzQljWi7/ixYMiXv0Lb/6Nk8dBEwsaiqpuuruCiDNtPO/bySwsLi2vZFdza+sbm1vu9k5Vh7GiUKEhD1U9IBo4k1AxzHCoRwqICDjUgsHlyK89gNIslLdmGEFLkJ5kXUaJsVLb3RPt5O6+GSkmIMWFpKkEvoJqetR2817RGwPPE39K8miKctv9anZCGguQhnKidcP3ItNKiDKMckhzzVhDROiA9KBhqSQCdCsZf5DiQ6t0cDdUtqTBY/X3REKE1kMR2E5BTF/PeiPxP68Rm+55K2Eyig1IOlnUjTk2IR7FgTtMATV8aAmhitlbMe0TRaixoeVsCP7sy/Okelz0T4rezWm+dDGNI4v20QEqIB+doRK6RmVUQRQ9omf0it6cJ+fFeXc+Jq0ZZzqzi/7A+fwBosOWWA==</latexit>



M. Hostert 26

A *new* dark photon

Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

sin�

2
<latexit sha1_base64="FkCyaGUvoQhKisD9WGyxmhU//jU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWpgi6LblxWsA9oQplMJ+3QySTMTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFulldW19Y3yZmVre2d3z94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN9M/c4DlYrF4l5PEupHeChYyAjWRurbR14oMck8xUTmkRHL86ye9+2qU3NmQMvELUgVCjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOKliiaYjPGQ9gwVOKLKz2bX5+jUKAMUxtKU0Gim/p7IcKTUJApMZ4T1SC16U/E/r5fq8MrPmEhSTQWZLwpTjnSMplGgAZOUaD4xBBPJzK2IjLCJQ5vAKiYEd/HlZdKu19zzmnN3UW1cF3GU4RhO4AxcuIQG3EITWkDgEZ7hFd6sJ+vFerc+5q0lq5g5hD+wPn8AQ6WVvQ==</latexit>

For	a	light	boson	—>	couples	only	to	electric	charge	(dark	photon).

.	.	.	�
<latexit sha1_base64="HZsI6crMQgxF7BWk5N6VylP7rA8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4qPj3l+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDh5WPFw==</latexit>

Z 0

Z 0

But	in	our	full	model,	the	dark	photon	mainly	decays	to	heavy	neutrinos!

⌫h
<latexit sha1_base64="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

⌫h
<latexit sha1_base64="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

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="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

⌫↵
<latexit sha1_base64="nFbKL/ilV/zEBbQj5ZqVJWKVIOg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3zuvu3UWtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHn62Q4A==</latexit>

Three-body	kinematics,	no	longer	reconstructs	the	invariant	mass!
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Bµ⌫
<latexit sha1_base64="6a6jQCjxcpk3clMOJg0W1v/HqVU=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMcQLx4jmAfsLmF2MkmGzMwu8xDCks/w4kERr36NN//GSbIHjRY0FFXddHclGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9BGvKmaRtwwynvUxRLBJOu8nkdu53H6nSLJUPZprRWOCRZENGsHFS2OznkbAoknbWr9b8ur8A+kuCgtSgQKtf/YwGKbGCSkM41joM/MzEOVaGEU5nlchqmmEywSMaOiqxoDrOFyfP0JlTBmiYKlfSoIX6cyLHQuupSFynwGasV725+J8XWjO8iXMmM2uoJMtFQ8uRSdH8fzRgihLDp45gopi7FZExVpgYl1LFhRCsvvyXdC7qwWXdv7+qNZpFHGU4gVM4hwCuoQF30II2EEjhCV7g1TPes/fmvS9bS14xcwy/4H18AxiYkSA=</latexit>

Xµ⌫
<latexit sha1_base64="/q74aygfHUMPAN0KmuO2VUFjdbI=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJV1GXRjcsK9oGdsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdgoqeiDkcM693HtPmHCmDUKfTmlpeWV1rbxe2djc2t6p7u61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHV7nfeaBKs1jemklCA4GHkkWMYGOlu+595ovUl+m0X60h9wzlgMitL0iheO7sRzVQoNmvfviDmKSCSkM41rrnocQEGVaGEU6nFT/VNMFkjIe0Z6nEguogm208hUdWGcAoVvZJA2fq944MC60nIrSVApuR/u3l4l9eLzXRRZAxmaSGSjIfFKUcmhjm58MBU5QYPrEEE8XsrpCMsMLE2JAqNoTFpfB/0q673omLbk5rjcsijjI4AIfgGHjgHDTANWiCFiBAgkfwDF4c7Tw5r87bvLTkFD374Aec9y/1MZEZ</latexit>

sin�

2
<latexit sha1_base64="FkCyaGUvoQhKisD9WGyxmhU//jU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWpgi6LblxWsA9oQplMJ+3QySTMTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFulldW19Y3yZmVre2d3z94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN9M/c4DlYrF4l5PEupHeChYyAjWRurbR14oMck8xUTmkRHL86ye9+2qU3NmQMvELUgVCjT79pc3iEkaUaEJx0r1XCfRfoalZoTTvOKliiaYjPGQ9gwVOKLKz2bX5+jUKAMUxtKU0Gim/p7IcKTUJApMZ4T1SC16U/E/r5fq8MrPmEhSTQWZLwpTjnSMplGgAZOUaD4xBBPJzK2IjLCJQ5vAKiYEd/HlZdKu19zzmnN3UW1cF3GU4RhO4AxcuIQG3EITWkDgEZ7hFd6sJ+vFerc+5q0lq5g5hD+wPn8AQ6WVvQ==</latexit>

For	a	light	boson	—>	couples	only	to	electric	charge	(dark	photon).

.	.	.	�
<latexit sha1_base64="HZsI6crMQgxF7BWk5N6VylP7rA8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4qPj3l+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDh5WPFw==</latexit>

Z 0

Z 0

But	in	our	full	model,	the	dark	photon	mainly	decays	to	heavy	neutrinos!

⌫h
<latexit sha1_base64="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

⌫h
<latexit sha1_base64="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

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="3x0LQNVxAVFP+k5xWdjp/eK0D7s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msP+pXa27dnYOsEq8gNSjQ7Fe/eoOEZTFXyCQ1puu5KQY51SiY5NNKLzM8pWxMh7xrqaIxN0E+P3ZKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPPyUBozlBOLKFMC3srYSOqKUObT8WG4C2/vEpaF3Xvsu4+XNUat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/Z5460</latexit>

Three-body	kinematics,	no	longer	reconstructs	the	invariant	mass!

A	neutrinophilic	dark	photon		
hiding	in	plain	sight…	

Weakened	bounds		
—	final	states	do	not	pass	the	current	vetoes	—	

Similar	considerations	apply	for	dark	scalar.

A *new* dark photon

⌫↵
<latexit sha1_base64="nFbKL/ilV/zEBbQj5ZqVJWKVIOg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3zuvu3UWtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHn62Q4A==</latexit>
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New signatures at neutrino experiments

For	simplicity,	let	us	take	a	phenomenological	approach	and	
consider	a	single	dark	neutrino.

This	can	be	achieved	in	a	extended	seesaw	limit	of	the	model	discussed	before.
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New signatures at neutrino experiments

For	simplicity,	let	us	take	a	phenomenological	approach	and	
consider	a	single	dark	neutrino.

⌫↵

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

Z 0

`, q
<latexit sha1_base64="ljlHjedo2he3EVqPtw8C/BZwfC0=">AAACCHicbVDLTgIxFL2DL8QX6tJNI5i4MGQGF7okunGJiYAGCOmUDjS0nbHtmJAJP+DWrf6DO+PWv/AX/Ao7MAsBT9Lk5Jz76vEjzrRx3W8nt7K6tr6R3yxsbe/s7hX3D5o6jBWhDRLyUN37WFPOJG0YZji9jxTFwue05Y+uU7/1RJVmobwz44h2BR5IFjCCjZUeyh3K+Rl6LPeKJbfiToGWiZeREmSo94o/nX5IYkGlIRxr3fbcyHQTrAwjnE4KnVjTCJMRHtC2pRILqrvJ9OAJOrFKHwWhsk8aNFX/diRYaD0Wvq0U2Az1opeK/3nt2ASX3YTJKDZUktmiIObIhCj9PeozRYnhY0swUczeisgQK0yMzWhuSzpb6UBPECrYcLzFKJZJs1rxzivubbVUu8piysMRHMMpeHABNbiBOjSAgIAXeIU359l5dz6cz1lpzsl6DmEOztcvV/eZIQ==</latexit>

`, q
<latexit sha1_base64="ljlHjedo2he3EVqPtw8C/BZwfC0=">AAACCHicbVDLTgIxFL2DL8QX6tJNI5i4MGQGF7okunGJiYAGCOmUDjS0nbHtmJAJP+DWrf6DO+PWv/AX/Ao7MAsBT9Lk5Jz76vEjzrRx3W8nt7K6tr6R3yxsbe/s7hX3D5o6jBWhDRLyUN37WFPOJG0YZji9jxTFwue05Y+uU7/1RJVmobwz44h2BR5IFjCCjZUeyh3K+Rl6LPeKJbfiToGWiZeREmSo94o/nX5IYkGlIRxr3fbcyHQTrAwjnE4KnVjTCJMRHtC2pRILqrvJ9OAJOrFKHwWhsk8aNFX/diRYaD0Wvq0U2Az1opeK/3nt2ASX3YTJKDZUktmiIObIhCj9PeozRYnhY0swUczeisgQK0yMzWhuSzpb6UBPECrYcLzFKJZJs1rxzivubbVUu8piysMRHMMpeHABNbiBOjSAgIAXeIU359l5dz6cz1lpzsl6DmEOztcvV/eZIQ==</latexit>

⌫↵

Z 0

⌫�
<latexit sha1_base64="THBPlXbnve9JIpxGyd34g/fqQCA=">AAACDHicbVC7TsMwFHV4lvIqMLJYtEhMVVIGGCtYGItEH1ITVY5701p1nGA7SFWUX2BlhX9gQ6z8A7/AV+C0GWjLka50dM596fgxZ0rb9re1tr6xubVd2inv7u0fHFaOjjsqSiSFNo14JHs+UcCZgLZmmkMvlkBCn0PXn9zmfvcJpGKReNDTGLyQjAQLGCXaSF7NFckgdX3QJKsNKlW7bs+AV4lTkCoq0BpUftxhRJMQhKacKNV37Fh7KZGaUQ5Z2U0UxIROyAj6hgoSgvLS2dMZPjfKEAeRNCU0nql/J1ISKjUNfdMZEj1Wy14u/uf1Ex1ceykTcaJB0PmhIOFYRzhPAA+ZBKr51BBCJTO/YjomklBtclq4ku+WKlAZxmUTjrMcxSrpNOrOZd2+b1SbN0VMJXSKztAFctAVaqI71EJtRNEjekGv6M16tt6tD+tz3rpmFTMnaAHW1y+QL5uB</latexit>

SM	+	heavy	neutrino	

Mixing	+	O(1)	coupling	

Quarks	and	charged	leptons	

Kinetic	mixing	

SM	neutrinos	only	

Two	mixings	needed	

U⇤
↵4 g

0
<latexit sha1_base64="jnuEY4zDtp8JQW8nI484f2d0TEA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBZBREqiBV0W3bisYNpCk4bJdNIOnUyGmYlQQsGNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TCUaVdpxvq7C0vLK6VlwvbWxube/Yu3sNlWYSEw+nLJWtCCnCKCeeppqRlpAEJREjzWhwM/abD0QqmvJ7PRQkSFCP05hipI0U2gdemPuIiT6C1VHnFPpnsNfxhaQJCe2yU3EmgIvEnZEymKEe2l9+N8VZQrjGDCnVdh2hgxxJTTEjo5KfKSIQHqAeaRvKUUJUkE9+GMFjo3RhnEpTXMOJ+nsiR4lSwyQynQnSfTXvjcX/vHam46sgp1xkmnA8XRRnDOoUjgOBXSoJ1mxoCMKSmlsh7iOJsDaxlUwI7vzLi6RxXnEvKs5dtVy7nsVRBIfgCJwAF1yCGrgFdeABDB7BM3gFb9aT9WK9Wx/T1oI1m9kHf2B9/gBDYZah</latexit>

U⇤
↵4 U�4 g

0
<latexit sha1_base64="fWi9RN3niZTUcOT2L9NZc7ovAs0=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoImVGC7osunFZwT6g05ZMeqcNzWSGJCOUob/gxl9x40IRt+7c+Tdm2i609UDg3HPu5eYeP+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUFEiKdRpxCPZ8okCzgTUNdMcWrEEEvocmv7oJvObDyAVi8S9HsfQCclAsIBRoo3Us0v1XuoRHg8Jrky6p94ZzgQfdFZjUw66XixZCD276JSdKfAyceekiOao9ewvrx/RJAShKSdKtV0n1p2USM0oh0nBSxTEhI7IANqGChKC6qTTiyb4xCh9HETSPKHxVP09kZJQqXHom86Q6KFa9DLxP6+d6OCqkzIRJxoEnS0KEo51hLN4cJ9JoJqPDSFUMvNXTIdEEqpNiAUTgrt48jJpnJfdi7JzVylWr+dx5NEROkYl5KJLVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVnzWcO0R9Ynz/pHZvN</latexit>

e� qf
<latexit sha1_base64="XGrVnPdHhvVVZN0M98UL4MO12FI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hLCrgh6DXjxGMA/IrmF20psMmX04M6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lJ4Irbdvf1tLyyuraemGjuLm1vbNb2ttvqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7weuK3HlEqHkd3epSgF9J+xAPOqDbSPRK34rIBdyvkoRt0S2W7ak9BFomTkzLkqHdLX24vZmmIkWaCKtVx7ER7GZWaM4HjopsqTCgb0j52DI1oiMrLplePybFReiSIpalIk6n6eyKjoVKj0DedIdUDNe9NxP+8TqqDSy/jUZJqjNhsUZAKomMyiYD0uESmxcgQyiQ3txI2oJIybYIqmhCc+ZcXSfO06pxV7dvzcu0qj6MAh3AEJ+DABdTgBurQAAYSnuEV3qwn68V6tz5mrUtWPnMAf2B9/gD4I5GD</latexit>
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⌫↵

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

Neutrino	NC	cross	sections	are	enhanced	due	to	the	light	mediator:

/ g0 2�2|U↵4|2
1

m4
Z0

<latexit sha1_base64="/LPbRbiuTHLHDR6w/nElSV2cHDQ="></latexit>

“Upscattering”

Interest	from	the	point	of	view	of	neutrino	scattering	and	
experimental	anomalies

E.	Bertuzzo	et	al,	PhysRevLett.121.241801	 P.	Ballett	et	al,	1808.02915
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⌫↵

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

Neutrino	NC	cross	sections	are	enhanced	due	to	the	light	mediator:

“Upscattering”

Interest	from	the	point	of	view	of	neutrino	scattering	and	
experimental	anomalies

E.	Bertuzzo	et	al,	PhysRevLett.121.241801	 P.	Ballett	et	al,	1808.02915

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>

⌫↵
<latexit sha1_base64="nFbKL/ilV/zEBbQj5ZqVJWKVIOg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3zuvu3UWtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHn62Q4A==</latexit>

µ+
<latexit sha1_base64="zzdgEpDfwsSJwXclLFf7XCkWoKM=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEqigh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Rc17/6yWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXpnjnU=</latexit>

µ�
<latexit sha1_base64="KfstyIforZ+AI66Hkdebw3nA4/E=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyVRQY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Iuad39Zrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH1vjnc=</latexit>

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>
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MiniBooNE
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MiniBooNE

4.7σ excess	observed	in	neutrino	+	antineutrino	modes	
—	data/MC	disagreement	beyond	statistical	doubt	—
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MiniBooNE

If	not	statistical	fluctuation,	then	what	is	it?		

The	beam?	

Neutrino	interactions?	

New	physics?			

4.7σ excess	observed	in	neutrino	+	antineutrino	modes	
—	data/MC	disagreement	beyond	statistical	doubt	—
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At	this	point	the	anomaly	requires	non-minimal	scenarios.

We need something new

“If the data doesn’t agree with the null hypothesis or the alternative hypothesis, 
some say you need more data, while some say you need more hypotheses.” 

Maury	Goodman,	arXiv:1901.07068
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MiniBooNE
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What	kind	of	events	contribute	to	the	excess:
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⌫↵

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>

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Neutrinos	upscatter	into	heavy	state,	which	immediately	decays	into	an	overlapping	
pair	of	electrons.
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Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Z 0⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

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>

⌫↵

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Z 0

Z 0⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

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>

mZ0 > m4
<latexit sha1_base64="udACCNQO4sZXFgc8pi55CTjOvq8=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHQlQTcuI5gPJuPQ03mTNOmeGbp7hDjkFF7Ard7Anbj1BF7Ac9j5LExiwYOi6j3qUX7MmdK2/W1llpZXVtey67mNza3tnfzuXl1FiaRQoxGPZNMnCjgLoaaZ5tCMJRDhc2j4/euR33gEqVgU3ulBDK4g3ZAFjBJtJC9/UBReev/QjiUTMMSXWHhnRS9fsEv2GHiROFNSQFNUvfxPuxPRRECoKSdKtRw71m5KpGaUwzDXThTEhPZJF1qGhkSActPx90N8bJQODiJpJtR4rP69SIlQaiB8symI7ql5byT+57USHVy4KQvjRENIJ0FBwrGO8KgK3GESqOYDQwiVzPyKaY9IQrUpbCbFl6QPepgzxTjzNSySernknJbs23KhcjWtKIsO0RE6QQ46RxV0g6qohih6Qi/oFb1Zz9a79WF9TlYz1vRmH83A+voFd+aclg==</latexit>

mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

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

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Z 0

Z 0⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

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>

mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

Coherent	signal		

—	single	boosted	EM	shower	—	

E.	Bertuzzo	et	al.	arXiv:1807.09877
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mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

Light dark photon case
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mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

Light dark photon case
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Coherent	signal		

—	single	boosted	EM	shower	—	
mZ0 < m4

<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

Light dark photon case
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Testing light dark photon case

Coherent	signal		

—	single	boosted	EM	shower	—	
mZ0 < m4

<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

See	pi0 and	coherent	gammas.							Also	recent	search	for	coherent	gammas	in	T2K.
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neutrino-electron	scattering.

Rare	SM	process	with	similar	signature.

Coherent	signal		

—	single	boosted	EM	shower	—	

e
<latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

e
<latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit>

mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

Testing light dark photon case
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Neutrino-electron scattering

45

CHARM-II	
WANF	beam	at	CERN	back	in	the	90s	

692	t

MINERvA	
NuMI	beam	FNAL		

Low-Energy	data	on	nu-e	scattering	
8	t	
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BSM cross sections

New	physics	is	large		
at	larger	energies!

⌫↵

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>
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MINERvA

47

BSM

Backgrounds	are	small	but	are	tuned!	Based	on	tuning,	assign	a	30%	uncertainty.	

BSM	signal	typically	overshoots	bkg:	
232	BSM	events!
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CHARM-II

48

BSM

Measure	backgrounds	at	large	angles	(3%	uncertainties).

sideband

1.43⇥ 105
<latexit sha1_base64="ilvDOEVKEaJ2SGitEsgg12TPAL0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CbaCp5C0ih6LXjxWsB/QxrLZbtqlm03YnYgl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5fsyZAsf5Ngpr6xubW8Xt0s7u3v6BeVhuqyiRhLZIxCPZ9bGinAnaAgacdmNJcehz2vEnNzO/80ilYpG4h2lMvRCPBAsYwaClgVmuuvZ5vQ8spMp1HtKLrDowK47tzGGtEjcnFZSjOTC/+sOIJCEVQDhWquc6MXgplsAIp1mpnygaYzLBI9rTVGC9y0vnt2fWqVaGVhBJXQKsufp7IsWhUtPQ150hhrFa9mbif14vgeDKS5mIE6CCLBYFCbcgsmZBWEMmKQE+1QQTyfStFhljiQnouEo6BHf55VXSrtlu3XbuapXGdR5HER2jE3SGXHSJGugWNVELEfSEntErejMy48V4Nz4WrQUjnzlCf2B8/gCSMZLX</latexit> BSM	events	in	signal	region!

⌫ � e
<latexit sha1_base64="G8cNJ7CV8WKIRGMRRcrFoTpKttA=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiLYGO5ioWXQxjKC+YDkCHubuWTJ3t6xuyeEIz/CxkIRW3+Pnf/GTXKFJj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFSu9KT6SVW+qWyW3XnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/Nzp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahog3BW355lbRqVe+q6j7UyvXbPI4CnMIZXIAH11CHe2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QNCc47Z</latexit>
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Constraints on light boson case
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CHARM-II

mZ0 < m4
<latexit sha1_base64="hznkl88W7knDem9/cFPnrzU05vo=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHThIujGZQTzwWQcejpvkibdM0N3jxCHnMILuNUbuBO3nsALeA47n4VJLHhQVL1HPcqPOVPatr+tzNLyyupadj23sbm1vZPf3aurKJEUajTikWz6RAFnIdQ00xyasQQifA4Nv3898huPIBWLwjs9iMEVpBuygFGijeTlD4rCS+8f2rFkAob4EgvvrOjlC3bJHgMvEmdKCmiKqpf/aXcimggINeVEqZZjx9pNidSMchjm2omCmNA+6ULL0JAIUG46/n6Ij43SwUEkzYQaj9W/FykRSg2EbzYF0T01743E/7xWooMLN2VhnGgI6SQoSDjWER5VgTtMAtV8YAihkplfMe0RSag2hc2k+JL0QQ9zphhnvoZFUi+XnNOSfVsuVK6mFWXRITpCJ8hB56iCblAV1RBFT+gFvaI369l6tz6sz8lqxpre7KMZWF+/dKyclA==</latexit>

from	3	—	10%	for	CHARM-II

from	30%	—	100%	for	MINERvA

Vary	background	systematics:

Small	mass	region:	
	disagreement	with	angular	data!
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Incoherent	signal		

—	single	EM	shower	+	some	hadronic	activity	—	

mZ0 > m4
<latexit sha1_base64="udACCNQO4sZXFgc8pi55CTjOvq8=">AAACEXicbVBLSgNBFOyJvxh/8bNz05gIrsJMFHQlQTcuI5gPJuPQ03mTNOmeGbp7hDjkFF7Ard7Anbj1BF7Ac9j5LExiwYOi6j3qUX7MmdK2/W1llpZXVtey67mNza3tnfzuXl1FiaRQoxGPZNMnCjgLoaaZ5tCMJRDhc2j4/euR33gEqVgU3ulBDK4g3ZAFjBJtJC9/UBReev/QjiUTMMSXWHhnRS9fsEv2GHiROFNSQFNUvfxPuxPRRECoKSdKtRw71m5KpGaUwzDXThTEhPZJF1qGhkSActPx90N8bJQODiJpJtR4rP69SIlQaiB8symI7ql5byT+57USHVy4KQvjRENIJ0FBwrGO8KgK3GESqOYDQwiVzPyKaY9IQrUpbCbFl6QPepgzxTjzNSySernknJbs23KhcjWtKIsO0RE6QQ46RxV0g6qohih6Qi/oFb1Zz9a79WF9TlYz1vRmH83A+voFd+aclg==</latexit>

P.	Ballett	et	al.	arXiv:1808.02915

⌫↵

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Z 0⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

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>

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

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

(invisible	at	MiniBooNE)
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Heavy dark photon case
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Shape-only	fit
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Heavy dark photon case

Much	better	angular	fit	to	MiniBooNE	data	throughout	parameter	space.		
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Prospects for this case?

Harder	to	constrain	at	neutrino	experiments,	but	could	try!		

proton	+	EM	shower	(+	gap?)	
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Prospects for this case?

Harder	to	constrain	at	neutrino	experiments,	but	could	try!		

proton	+	EM	shower	(+	gap?)	

Need	neutrino	cross	section	input!
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Conclusions

Dark	neutrinos	are	a	class	of	models	with		
novel	interactions	connected	to	the	neutrino	sector.		

Can	also	generate	neutrino	masses	at	one-loop	level	—	novel	mechanism		

Dark	photon	and	scalar	searches	do	not	apply	at	face	value		
—	more	work	needed	to	understand	how	open	the	parameter	space	is—	

Predicts	the	MiniBooNE	result	in	two	different	realisations.	

Angular	information	and	nu-e	scattering	data	points	us		
to	heavy	dark	photon	masses	(~1	GeV)	boson	mass.	



THANK YOU
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eV sterile neutrinos

P 3+1
⌫e!⌫µ

= 4|Ue4|2|Uµ4|2 sin2
⇣�m2

4E

⌘

<latexit sha1_base64="f8btOFL2AEWvaWfBCqm5LGJFqaY="></latexit>

P 3+1
⌫µ!⌫µ

= 1� 4 |Uµ4|2(1� |Uµ4|2) sin2
⇣�m2

4E

⌘

<latexit sha1_base64="+JgX45E9Fp6n8BkzbXOLbZ2nkiY="></latexit>

Need electron and muon disappearance 

for an appearance signal.

Sterile	neutrino	with	eV	mass
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eV sterile neutrinos

Standard	eV	sterile	
explanation	in	large	tension	
with	disappearance	
experiments.	

See	Dentler	at	al,	1803.10661
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LSND

M. Shaevits, BLV2011
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A closer look

Series of published papers by 
HARP-CDP collaboration. 

Anomaly goes from 3.8σ to 2.3σ.

Conclusion claimed to hold, 
but discussions end here 
because…

Unpublished 1 page paper as reply.


