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MeV-GeV scale Heavy Neutral Lepton (HNL) 
Searches (without new interaction)

• Width ~ suppressed by        and       
<latexit sha1_base64="LLK5cZ1D6/qw8F7hKwqlxWzig5c=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktih6Lgnqs4LaFdi3ZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2DppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+64kqzaR4MOOEBjEeCBYxgo2V/NvezWOtV664VXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBlkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTRrVe+86t6fVepXeRxFOIJjOAUPLqAOd9AAHwgweIZXeHOE8+K8Ox/z1oKTzxzCHzifPwiHjiw=</latexit>
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<latexit sha1_base64="+OCps6S9PYzRrV6nCo4v/eOOje0=">AAAB9XicbVDLTgJBEOz1ifhCPXqZSEw8kV2C0SPRi0dMXCCBhcwODUyYfWRmVkMW/sOLB43x6r94828cYA8KVtJJpao73V1+LLjStv1tra1vbG5t53byu3v7B4eFo+O6ihLJ0GWRiGTTpwoFD9HVXAtsxhJp4Ats+KPbmd94RKl4FD7ocYxeQAch73NGtZE6E7ebtlEIUplOOuVuoWiX7DnIKnEyUoQMtW7hq92LWBJgqJmgSrUcO9ZeSqXmTOA0304UxpSN6ABbhoY0QOWl86un5NwoPdKPpKlQk7n6eyKlgVLjwDedAdVDtezNxP+8VqL7117KwzjRGLLFon4iiI7ILALS4xKZFmNDKJPc3ErYkErKtAkqb0Jwll9eJfVyybks2feVYvUmiyMHp3AGF+DAFVThDmrgAgMJz/AKb9aT9WK9Wx+L1jUrmzmBP7A+fwD7rpIr</latexit>
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• Can be probed by FPF, beam-dump exp, IceCube, rare meson decays

A. Ariga et al. (FASER collaboration) [1811.12522]
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• Decay channels are induced by CC/NC



MeV-GeV HNL  
with light gauge interaction(s)
• Model

<latexit sha1_base64="38v9nDZNN8I6DAepRYI9pDyMN9g=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8WCYEUWPIV48eIhgFkjC0NNTSZr0LHTXiGGIF3/FiwdFvPoX3vwbO8tBow8KHu9VUVXPi6XQaNtfVmZhcWl5JbuaW1vf2NzKb+/UdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9Cwxtcjv3GHSgtovAWhzF0AtYLRVdwhkZy83tthHtMeyzpgU9HtaJz5KaV4+uRmy/YJXsC+pc4M1IgM1Td/Gfbj3gSQIhcMq1bjh1jJ2UKBZcwyrUTDTHjA9aDlqEhC0B30skHI3poFJ92I2UqRDpRf06kLNB6GHimM2DY1/PeWPzPayXYveikIowThJBPF3UTSTGi4zioLxRwlENDGFfC3Ep5nynG0YSWMyE48y//JfWTknNWsm9OC+XKLI4s2ScHpEgcck7K5IpUSY1w8kCeyAt5tR6tZ+vNep+2ZqzZzC75BevjG2EDli4=</latexit>

gauged U(1)B�L

breaking gauged B-L

3 RH neutrinos
<latexit sha1_base64="Xgufwr0ADCmkWCcN5E1nOB+qK5c=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcNMyI/WyLLpxWcFeoB2HTJppQ5PMkGSEMgy48VXcuFDErS/hzrcxbWehrT8EPv5zDifnD2JGlXacb6uwtLyyulZcL21sbm3v2Lt7LRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fWk3n4gUtFI3OlxTDyOBoKGFCNtLN8+GPgd2FOUQ9e5Tyu1DFZmdJ75dtmpOlPBRXBzKINcDd/+6vUjnHAiNGZIqa7rxNpLkdQUM5KVeokiMcIjNCBdgwJxorx0ekMGj43Th2EkzRMaTt3fEyniSo15YDo50kM1X5uY/9W6iQ4vvZSKONFE4NmiMGFQR3ASCOxTSbBmYwMIS2r+CvEQSYS1ia1kQnDnT16E1mnVPas6t7Vy/SqPowgOwRE4AS64AHVwAxqgCTB4BM/gFbxZT9aL9W59zFoLVj6zD/7I+vwBPPmVVQ==</latexit>

gX ⇠ 10�4 � 10�6

<latexit sha1_base64="jgpDjHVJtqgrl/AvyeJZYhQpoaw=">AAACBHicbVA9SwNBEN3zM8avU8s0i0Gw0HAnES2DFtoICuYM5MKxt5no4u7dsTsnhiOFjX/FxkIRW3+Enf/GTUzh14OBx3szzMyLMykMet6HMzE5NT0zW5orzy8sLi27K6uBSXPNoclTmepWzAxIkUATBUpoZRqYiiVcxNeHQ//iBrQRaXKO/Qw6il0moic4QytFbkVF9S0VtWhohKIhwi0WJxBsH0EwiNyqV/NGoH+JPyZVMsZp5L6H3ZTnChLkkhnT9r0MOwXTKLiEQTnMDWSMX7NLaFuaMAWmU4yeGNANq3RpL9W2EqQj9ftEwZQxfRXbTsXwyvz2huJ/XjvH3n6nEEmWIyT8a1EvlxRTOkyEdoUGjrJvCeNa2Fspv2KacbS5lW0I/u+X/5Jgp+bv1ryzerVxMI6jRCpknWwSn+yRBjkmp6RJOLkjD+SJPDv3zqPz4rx+tU4445k18gPO2ydTepdC</latexit>

m4,mX ⇠ MeV-GeV

R. Marshak, R. Mohapatra 
[PLB 91 (1980) 222-224]

R. Mohapatra, N. Okada 
[1908.11325, 2005.00365]

which provide an

intriguing scenario

for FIDM
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• Model
<latexit sha1_base64="vaVj1gs1R50R6HAkLF1+SrcQb8s=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIhWFXFC2DNpYRzQOSEGYnN8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWj0wMDhnHO5c48fSWHQdb+c1MLi0vJKejWztr6xuZXd3qmaMNYcKjyUoa77zIAUCiooUEI90sACX0LNH1yO/dodaCNCdYvDCFoB6ynRFZyhldrZfBPhHpMbBC0k0HxTxfkjEwEfZ+ioUvAO26adzblFdwL6l3gzkiMzlNvZz2Yn5HEACrlkxjQ8N8JWwjQKLmGUacYGIsYHrAcNSxULwLSSyTUjemCVDu2G2j6FdKL+nEhYYMww8G0yYNg3895Y/M9rxNg9byVCRTGC4tNF3VhSDOm4GtoRGjjKoSWMa2H/SnmfacZtOSZjS/DmT/5LqsdF77ToXp/kShezOtJkj+yTAvHIGSmRK1ImFcLJA3kiL+TVeXSenTfnfRpNObOZXfILzsc3HJGa6w==</latexit>

Sterile ⌫-specific U(1)s
<latexit sha1_base64="jYFi5NXu0EE3DRGW+ggHob6a/Is=">AAACGXicbVBNTxsxFPRCCzS0NJQjF6sRUk/RblVUjlG5cASJkEjZKHrrvE2s2N6V/RaIVvs3euGvcOFQhHosJ/4NzsehTTqSpdHMPD+9SXIlHYXhS7Cx+ebt1vbOu9ru+w97H+v7n65cVliBbZGpzHYTcKikwTZJUtjNLYJOFHaSyenM71yjdTIzlzTNsa9hZGQqBZCXBvUwJryl8kbSmAOf+F9ICq7lrTQjXsWYO6l8roxHoDXwbjWoN8JmOAdfJ9GSNNgS54P6n3iYiUKjIaHAuV4U5tQvwfpFCqtaXDjMQUxghD1PDWh0/XJ+WcWPvDLkaWb9M8Tn6t8TJWjnpjrxSQ00dqveTPyf1ysoPemX0uQFoRGLRWmhOGV8VhMfSouC1NQTEFbOShFjsCDIl1nzJUSrJ6+Tq6/N6LgZXnxrtH4s69hhh+wz+8Ii9p212Bk7Z20m2E92z36xx+AueAiegt+L6EawnDlg/yB4fgWFx6E8</latexit>

with a kinetic mixing ✏�X

breaking gauged U(1)s

RH neutrino(s)
a Dark sector Dirac neutrino

MeV-GeV HNL  
with light gauge interaction(s)

<latexit sha1_base64="pVpfSjgw0dE8/mK3O36OaUGEUgo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkouiy6MadFewDmhAm00k7dGYSZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863tbS8srq2Xtmobm5t7+zae/sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxTeF3H4lUNBYPepIQn6OhoBHFSBspsA+HQQ96inLocaRHGLHsLq+7p4FdcxrOFHCRuCWpgRKtwP7yBjFOOREaM6RU33US7WdIaooZyateqkiC8BgNSd9QgThRfjZ9IIcnRhnAKJamhIZT9fdEhrhSEx6azuJKNe8V4n9eP9XRlZ9RkaSaCDxbFKUM6hgWacABlQRrNjEEYUnNrRCPkERYm8yqJgR3/uVF0jlruBcN5/681rwu46iAI3AM6sAFl6AJbkELtAEGOXgGr+DNerJerHfrY9a6ZJUzB+APrM8fVm6Vlw==</latexit>

gX ⇠ O(1)
<latexit sha1_base64="/uNGWlc31WNu3j/62OTM1MuxgNo=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCG0siFV0W3bisYC/QxHIynbRDZ5IwMxFKyNaNr+LGhSJufQN3vo3TNgtt/WHg4z/ncOb8QcKZ0o7zbS0tr6yurZc2yptb2zu79t5+S8WpJLRJYh7LTgCKchbRpmaa004iKYiA03Ywup7U2w9UKhZHd3qcUF/AIGIhI6CN1bOxRxPFuMHMG4AQgDs59hQT2HXus9Na3rMrTtWZCi+CW0AFFWr07C+vH5NU0EgTDkp1XSfRfgZSM8JpXvZSRRMgIxjQrsEIBFV+Nr0kx8fG6eMwluZFGk/d3xMZCKXGIjCdAvRQzdcm5n+1bqrDSz9jUZJqGpHZojDlWMd4EgvuM0mJ5mMDQCQzf8VkCBKINuGVTQju/MmL0DqruudV57ZWqV8VcZTQITpCJ8hFF6iOblADNRFBj+gZvaI368l6sd6tj1nrklXMHKA/sj5/AFZYmXA=</latexit>

✏�X ⇠ 10�4

<latexit sha1_base64="jgpDjHVJtqgrl/AvyeJZYhQpoaw=">AAACBHicbVA9SwNBEN3zM8avU8s0i0Gw0HAnES2DFtoICuYM5MKxt5no4u7dsTsnhiOFjX/FxkIRW3+Enf/GTUzh14OBx3szzMyLMykMet6HMzE5NT0zW5orzy8sLi27K6uBSXPNoclTmepWzAxIkUATBUpoZRqYiiVcxNeHQ//iBrQRaXKO/Qw6il0moic4QytFbkVF9S0VtWhohKIhwi0WJxBsH0EwiNyqV/NGoH+JPyZVMsZp5L6H3ZTnChLkkhnT9r0MOwXTKLiEQTnMDWSMX7NLaFuaMAWmU4yeGNANq3RpL9W2EqQj9ftEwZQxfRXbTsXwyvz2huJ/XjvH3n6nEEmWIyT8a1EvlxRTOkyEdoUGjrJvCeNa2Fspv2KacbS5lW0I/u+X/5Jgp+bv1ryzerVxMI6jRCpknWwSn+yRBjkmp6RJOLkjD+SJPDv3zqPz4rx+tU4445k18gPO2ydTepdC</latexit>

m4,mX ⇠ MeV-GeV

<latexit sha1_base64="tCoj8fx6VakkPoaqn7bbcy9WkVM=">AAACE3icbVBNS8NAEN3Ur1q/qh69LBZBPNREKnosevFYwbSFJoTNdtMu3d2E3U2hhPwHL/4VLx4U8erFm//GbZuDtj4YeLw3w8y8MGFUadv+tkorq2vrG+XNytb2zu5edf+greJUYuLimMWyGyJFGBXE1VQz0k0kQTxkpBOObqd+Z0ykorF40JOE+BwNBI0oRtpIQfXMDTKPMAYbOfQU5dAbIp1NcqOKNFA5HAdeMqTnPFBBtWbX7RngMnEKUgMFWkH1y+vHOOVEaMyQUj3HTrSfIakpZiSveKkiCcIjNCA9QwXiRPnZ7KccnhilD6NYmhIaztTfExniSk14aDo50kO16E3F/7xeqqNrP6MiSTUReL4oShnUMZwGBPtUEqzZxBCEJTW3QjxEEmFtYqyYEJzFl5dJ+6LuXNbt+0ateVPEUQZH4BicAgdcgSa4Ay3gAgwewTN4BW/Wk/VivVsf89aSVcwcgj+wPn8ABU6eQw==</latexit>

U`4 ⇠ ŷ⌫sv�/ms

P. Ko, Y. Tang 
[PLB 739 (2014) 62-67] [1404.0236]

E. Bertuzzo, S. Jana, P.A.Machado, R.Z.Funchal 
[PRL (2018) 241801] [1807.09877]

P. Ballett, S. Pascoli, M. Ross-Lonergan 
[PRD (2019) 071701] [1808.02915]
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MeV-GeV HNL  
with light gauge interaction(s)

Dec
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th media
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<latexit sha1_base64="pFT91798bVtgt+vzV0upIpfhBYQ=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBEEWyEBHQIKCiDREhELq3XE7LK+tDuGLCs/AENv0JDAUK0tHT8DZvggutJIz29N6OZeV4shUbH+bDGxicmp6YLM8XZufmFRXtp+UJHieJQ5ZGMVN1jGqQIoYoCJdRjBSzwJNS8/vHQr12D0iIKzzGNoRWwq1B0BWdopI690US4xewEOEvpjfCxRwPwBUPwqZfSQa29tX3Z3urYJafsjED/EjcnJZKj0rHfm37EkwBC5JJp3XCdGFsZUyi4hEGxmWiIGe+zK2gYGrIAdCsb/TOg60bxaTdSpkKkI/X7RMYCrdPAM50Bw57+7Q3F/7xGgt39VibCOEEI+deibiIpRnQYDvWFAo4yNYRxJcytlPeYYhxNhEUTgvv75b/kYqfs7pYPznZLh0d5HAWyStbIJnHJHjkkp6RCqoSTO/JAnsizdW89Wi/W61frmJXPrJAfsN4+Acjem9o=</latexit>
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<latexit sha1_base64="Mpblzlgr4ak0S/rJ8+eMMfRJMX8="></latexit>

⌫4 !
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+ e
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<latexit sha1_base64="ZznDdUY4BzafJLE03cM2VAh+7VI="></latexit>
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<latexit sha1_base64="OuQWkztHKOaUDgSLf6KqIJvjFA4="></latexit>

⌫4 ! ⌫⌧⇡
0

<latexit sha1_base64="lWxJyk6cgKTDVT9YpUkdDrH2bmU="></latexit>
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!

⌫ ⌧
⌘

<latexit sha1_base64="JZV+/3h4vakOxW7HsECWZQExveI="></latexit>
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!

⌫ ⌧
⌘
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<latexit sha1_base64="Ob0OW6c8HiH17BcKfMMpoe8XXQI="></latexit>

⌫ 4
!

⌫ ⌧
⇢
0

<latexit sha1_base64="VwYQB6bJTZyzvwX5zKa8A/aTY4w="></latexit>

⌫ 4
!

⌫ ⌧
!

<latexit sha1_base64="6y7e0UlM2wbnLXQmT7QrXi6k4IU="></latexit>

⌫ 4
!

⌫ ⌧
�

<latexit sha1_base64="ATtaG//J5VxXCUy19LNzAJLUGSo="></latexit>

⌫4 ! ⌫⌧X, mX = 0.5m4, gX = 10�
5

<latexit sha1_base64="mjQxCKaDnjtWmbGv5JAdQKZMwCQ="></latexit>

⌫4 ! ⌫⌧X, mX = 0.3m4, gX = 2⇥ 10�
5

<latexit sha1_base64="xjFFkKlli42pTtNqxZn1mKb/bAU="></latexit>

⌫4 ! ⌫⌧X, mX = 0.8m4, gX = 10�
5

<latexit sha1_base64="S3cYtPYFKQJAsKRJbaeujdNkqF8="></latexit>

model A (gauged U(1)B�L)

<latexit sha1_base64="HY429nlTJbg6nFOLk0nD1rTYFU8=">AAACDXicbVA9SwNBEN3zM8avU0ubxURICsOdBNQuamNhoWCikISwtzdJlux9sDsnhiN/wMa/YmOhiK29nf/GzUehiQ8GHu/NMDPPi6XQ6Djf1tz8wuLScmYlu7q2vrFpb23XdJQoDlUeyUjdeUyDFCFUUaCEu1gBCzwJt17vfOjf3oPSIgpvsB9DM2CdULQFZ2iklp1vIDxgGkQ+SHpKCx2WdMCn+WrBLbbSs4PLQb44aNk5p+SMQGeJOyE5MsFVy/5q+BFPAgiRS6Z13XVibKZMoeASBtlGoiFmvMc6UDc0ZAHoZjr6ZkD3jeLTdqRMhUhH6u+JlAVa9wPPdAYMu3raG4r/efUE28fNVIRxghDy8aJ2IilGdBgN9YUCjrJvCONKmFsp7zLFOJoAsyYEd/rlWVI7LLnl0sl1OVc5m8SRIbtkjxSIS45IhVyQK1IlnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QNjwZnZ</latexit>

For m4 > mX

<latexit sha1_base64="C/GsXxlCWXa9IuJjBsMJ5S7DFD8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqBspCuKygn1AG8JkOmmHziRh5kasofgrblwo4tb/cOffOG2z0NazOpxzL/fcEySCa3Ccb2thcWl5ZbWwVlzf2Nzatnd2GzpOFWV1GotYtQKimeARqwMHwVqJYkQGgjWDwdXYb94zpXkc3cEwYZ4kvYiHnBIwkm/vd4A9QHYdKzySfgVfYOm3fLvklJ0J8Dxxc1JCOWq+/dXpxjSVLAIqiNZt10nAy4gCTgUbFTupZgmhA9JjbUMjIpn2skn6ET4ySheHJkEYR4An6u+NjEithzIwk5JAX896Y/E/r51CeOZlPEpSYBGdHgpTgSHG4ypwlytGQQwNIVRxkxXTPlGEgimsaEpwZ1+eJ42Tslspn99WStXLvI4COkCH6Bi56BRV0Q2qoTqi6BE9o1f0Zj1ZL9a79TEdXbDynT30B9bnD1MTlIE=</latexit>
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• Decay width & channels
Sterile-Tau mixing Dominant case

ν4 ντ

X

Total width is 
significantly 
enhanced

Enough to change the features in LLP searches
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MeV-GeV HNL  
with light gauge interaction(s)
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<latexit sha1_base64="pFT91798bVtgt+vzV0upIpfhBYQ=">AAACD3icbVC5TsNAEF1zhnAZKGlWRCBEEWyEBHQIKCiDREhELq3XE7LK+tDuGLCs/AENv0JDAUK0tHT8DZvggutJIz29N6OZeV4shUbH+bDGxicmp6YLM8XZufmFRXtp+UJHieJQ5ZGMVN1jGqQIoYoCJdRjBSzwJNS8/vHQr12D0iIKzzGNoRWwq1B0BWdopI690US4xewEOEvpjfCxRwPwBUPwqZfSQa29tX3Z3urYJafsjED/EjcnJZKj0rHfm37EkwBC5JJp3XCdGFsZUyi4hEGxmWiIGe+zK2gYGrIAdCsb/TOg60bxaTdSpkKkI/X7RMYCrdPAM50Bw57+7Q3F/7xGgt39VibCOEEI+deibiIpRnQYDvWFAo4yNYRxJcytlPeYYhxNhEUTgvv75b/kYqfs7pYPznZLh0d5HAWyStbIJnHJHjkkp6RCqoSTO/JAnsizdW89Wi/W61frmJXPrJAfsN4+Acjem9o=</latexit>
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<latexit sha1_base64="Mpblzlgr4ak0S/rJ8+eMMfRJMX8="></latexit>
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<latexit sha1_base64="ZznDdUY4BzafJLE03cM2VAh+7VI="></latexit>
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µ
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�

<latexit sha1_base64="OuQWkztHKOaUDgSLf6KqIJvjFA4="></latexit>

⌫4 ! ⌫⌧⇡
0

<latexit sha1_base64="lWxJyk6cgKTDVT9YpUkdDrH2bmU="></latexit>

⌫ 4
!

⌫ ⌧
⌘

<latexit sha1_base64="JZV+/3h4vakOxW7HsECWZQExveI="></latexit>

⌫ 4
!

⌫ ⌧
⌘
0

<latexit sha1_base64="Ob0OW6c8HiH17BcKfMMpoe8XXQI="></latexit>

⌫ 4
!

⌫ ⌧
⇢
0

<latexit sha1_base64="VwYQB6bJTZyzvwX5zKa8A/aTY4w="></latexit>

⌫ 4
!

⌫ ⌧
!

<latexit sha1_base64="6y7e0UlM2wbnLXQmT7QrXi6k4IU="></latexit>

⌫ 4
!

⌫ ⌧
�

<latexit sha1_base64="ATtaG//J5VxXCUy19LNzAJLUGSo="></latexit>

model B (⌫s-philic U(1)D)

<latexit sha1_base64="qgG/e/js7+D4GfCnJFMASENgDV4=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMRFiYbiTgNpJtLCMYKKQhGNvMzFL9vaO3TkxHPkLNv4VGwtFbO3s/DduPgq/Hgw83pthZl6YSGHQ8z6d3Mzs3PzC4lJ+eWV1bd3d2GyYONUc6jyWsb4OmQEpFNRRoITrRAOLQglXYf905F/dgjYiVpc4SKAdsRsluoIztFLglloId5hFcQckrdJSsaXSwBT3k56QgtNiveTvBWfFvWHgFryyNwb9S/wpKZApaoH70erEPI1AIZfMmKbvJdjOmEbBJQzzrdRAwnif3UDTUsUiMO1s/NGQ7lqlQ7uxtqWQjtXvExmLjBlEoe2MGPbMb28k/uc1U+wetTOhkhRB8cmibiopxnQUD+0IDRzlwBLGtbC3Ut5jmnG0IeZtCP7vl/+SxkHZr5SPLyqFk+o0jkWyTXZIifjkkJyQc1IjdcLJPXkkz+TFeXCenFfnbdKac6YzW+QHnPcv5rObJQ==</latexit>

For m4 < mX

<latexit sha1_base64="39DmH8445zURtWURvXCFGqr7h8o=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIpqOCiKIjLCvYBbQiT6aQdOpOEmRuxhuKvuHGhiFv/w51/47TNQlvP6nDOvdxzT5AIrsFxvq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJHrA4cBGslihEZCNYMBldjv3nPlOZxdAfDhHmS9CIeckrASL693wH2ANl1rPBI+hV8gaXf8u2SU3YmwPPEzUkJ5aj59lenG9NUsgioIFq3XScBLyMKOBVsVOykmiWEDkiPtQ2NiGTayybpR/jIKF0cmgRhHAGeqL83MiK1HsrATEoCfT3rjcX/vHYK4ZmX8ShJgUV0eihMBYYYj6vAXa4YBTE0hFDFTVZM+0QRCqawoinBnX15njROym6lfH5bKVUv8zoK6AAdomPkolNURTeohuqIokf0jF7Rm/VkvVjv1sd0dMHKd/bQH1ifP1ADlH8=</latexit>

⌫4 ! ⌫⌧X
⇤(! `�`+ , P

0 , V
0), mX = 1.2m4, ✏�X = 3⇥ 10

�4

<latexit sha1_base64="uBHRoRZlonF+6OLEM3yAfZwOWKE="></latexit>

⌫4 ! ⌫⌧X
⇤(! `�`+ , P

0 , V
0), mX = 2m4, ✏�X = 5⇥ 10

�4

<latexit sha1_base64="XUkK6uW9pqfFypOFCdy79g8qu4I="></latexit>

⌫4 ! ⌫⌧X
⇤(! `�`+ , P

0 , V
0), mX = 3m4, ✏�X = 6⇥ 10�

4

<latexit sha1_base64="fEKMGvNmlmgf6/Z3o19FTKehmVg="></latexit>

• Decay width & channels
Sterile-Tau mixing Dominant case

ν4 νl

e+

e−

X∗

Enough to change the features in LLP searches

Total width is 
significantly 
enhanced

6



For FASER,

LLP searches at ground experiments

7

MeV-GeV HNL w light gauge int. 
at LLP searches



MeV-GeV HNL w light gauge int. 
at LLP searches

LLP searches at ground experiments

FASER collaboration 
[EPJC 80 (2020) no.1, 61] [1908.02310]

8



MeV-GeV HNL w light gauge int. 
at IceCube, by atm/astro neutrinos
• GeV-energy tau-sterile probe 

by (Earth-penetrating) atmospheric neutrinos

• TeV(~PeV)-energy tau-sterile probe 
by (almost) isotropic (and ~1:1:1 flavor) astrophysical neutrinos

• Double-cascade ("double-bang") event rate at IC

But too small flux 
to probe small

<latexit sha1_base64="nWQC2kClHNJFbn7zpchwdsMJeSg="></latexit>

|U⌧4|2

provide an significant 
constraints on Sub-GeV region

9



MeV-GeV HNL w light gauge int. 
: Sensitivity limits on tau-sterile mixing
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<latexit sha1_base64="jvtgyAEkMq+QVm+DQUlBJeCtOqM=">AAACKnicdVDLTgIxFO34RHyhLt00EhMXhgxIIuxQNy4xkUeECemUAg2dzqS9g5LJfI8bf8UNCw1x64dYXomKnqTJybnnPnrcQHANtj22VlbX1jc2E1vJ7Z3dvf3UwWFV+6GirEJ94au6SzQTXLIKcBCsHihGPFewmtu/mdRrA6Y09+U9DAPmeKQreYdTAkZqpa6i5nRIQ3VdJ7IzuWLBviieL5H4oQnsCSLM5YBrbsbjR96GXhy3UumFCS+TbMaeIo3mKLdSo2bbp6HHJFBBtG5k7QCciCjgVLA42Qw1Cwjtky5rGCqJx7QTTa+M8alR2rjjK/Mk4Kn6vSMintZDzzVOj0BP/65NxL9qjRA6BSfiMgiBSTpb1AkFBh9PcsNtrhgFMTSEUMXNrZj2iCIUTLpJE8Lip/h/Us1lsvlM8S6fLl3P40igY3SCzlAWXaISukVlVEEUPaNX9IberRdrZI2tj5l1xZr3HKEfsD6/ABMzpMM=</latexit>

L
E
P
m
on

o
jet

<latexit sha1_base64="EnRbcaPo5Pdcm1OfWHxnMWQvzSY="></latexit>

IceCube-DeepCore

<latexit sha1_base64="NAMhlAORf/yzxoTuLxGk/DWsUsM="></latexit>

FASER

<latexit sha1_base64="CY3RYB/B9KKcPZy8kDBr3K1HEn4="></latexit>

FASER2

<latexit sha1_base64="bhu3inHfkIhEJUoyeTqbDnGzWDc="></latexit>

SHiP

<latexit sha1_base64="cATorl7/5SpnAsCi1TVZmMVhySc=">AAACHXicdZDLSgMxFIYz9VbrbdSlm2ARXJQyI/XSXdFNlxXtBTpDyaRpG5q5kJwRyzAv4sZXceNCERduxLcxvYmKHgj8fOc/ycnvRYIrsKwPI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3hxbjfvGFS8TC4hlHEXJ/0A97jlIBGHbOUOJNL2rLvuYlVPLbs8oldsIrWpApzkjrAbiG5qvJamnbM/JzjuRN/EXtG8mhWtY755nRDGvssACqIUm3bisBNiAROBUtzTqxYROiQ9Flby4D4TLnJZLEUH2jSxb1Q6hMAntDvEwnxlRr5nnb6BAbqd28M/+q1Y+iduQkPohhYQKcP9WKBIcTjqHCXS0ZBjLQgVHK9K6YDIgkFHWhOhzD/Kf5fNI6KdqlYvizlK+ezOLJoD+2jQ2SjU1RBVVRDdUTRHXpAT+jZuDcejRfjdWrNGLOZXfSjjPdP1I+etA==</latexit>

Atmospheric ⌫

<latexit sha1_base64="5+IE03u8CxgszICmJ9jZ9TCtJE8="></latexit>

Astrophysical ⌫
IceCube

Belle/BaBar

<latexit sha1_base64="KJAffj7XWvXHhBxf+M4L2toM/Rc="></latexit>

(⌧ Decays)

<latexit sha1_base64="2DmsAH7gjf6YRxsl9TVBJCAWHfg="></latexit>

Belle/BaBar

<latexit sha1_base64="RTx/0EBDA29/j5MOAXfPfrCOHQY="></latexit>

(B Decays)

<latexit sha1_base64="DsGm+C5ZIza8YR5dOIkAl71OYLI="></latexit>

Type-I Seesaw

<latexit sha1_base64="EZ6Dpo52ZbhaGAXBZjv2KFiBcPo=">AAACJnicbVDLSgMxFM3Ud31VXboJFsGFlhkR1IUgutFdRWsLM0PJpLdtMPMguaOWYb7Gjb/ixkVFxJ2fYlorqPVA4HDuuY+cIJFCo22/W4WJyanpmdm54vzC4tJyaWX1Wsep4lDjsYxVI2AapIighgIlNBIFLAwk1IOb00G9fgtKizi6wl4Cfsg6kWgLztBIzdJR5g2HuKoT+JldsYfYHiO5h3CP2ZUZsXNOLwE0u8vzZqn8baDjxBmRMhmh2iz1vVbM0xAi5JJp7Tp2gn7GFAouIS96qYaE8RvWAdfQiIWg/Wx4YU43jdKi7ViZFyEdqj87MhZq3QsD4wwZdvXf2kD8r+am2D7wMxElKULEvxa1U0kxpoPMaEso4Ch7hjCuhLmV8i5TjKNJtmhCcP5+eZxc71acvcrhxV75+GQUxyxZJxtkizhknxyTM1IlNcLJA3kiffJiPVrP1qv19mUtWKOeNfIL1scnNeaiAg==</latexit>

D
is
fa
vo
re
d
by

X
b
os
on

se
ar
ch
es

<latexit sha1_base64="YGBpbuZAhF945hm/OXvS93GmlxQ="></latexit>

C
H
A
R
M

<latexit sha1_base64="nEGa4BOEhtdjmMJ+s23PxymiJgk="></latexit>

NOMAD

<latexit sha1_base64="xrfXAfuUFgXc9KurnYE5F3tO9dA="></latexit>
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<latexit sha1_base64="jvtgyAEkMq+QVm+DQUlBJeCtOqM=">AAACKnicdVDLTgIxFO34RHyhLt00EhMXhgxIIuxQNy4xkUeECemUAg2dzqS9g5LJfI8bf8UNCw1x64dYXomKnqTJybnnPnrcQHANtj22VlbX1jc2E1vJ7Z3dvf3UwWFV+6GirEJ94au6SzQTXLIKcBCsHihGPFewmtu/mdRrA6Y09+U9DAPmeKQreYdTAkZqpa6i5nRIQ3VdJ7IzuWLBviieL5H4oQnsCSLM5YBrbsbjR96GXhy3UumFCS+TbMaeIo3mKLdSo2bbp6HHJFBBtG5k7QCciCjgVLA42Qw1Cwjtky5rGCqJx7QTTa+M8alR2rjjK/Mk4Kn6vSMintZDzzVOj0BP/65NxL9qjRA6BSfiMgiBSTpb1AkFBh9PcsNtrhgFMTSEUMXNrZj2iCIUTLpJE8Lip/h/Us1lsvlM8S6fLl3P40igY3SCzlAWXaISukVlVEEUPaNX9IberRdrZI2tj5l1xZr3HKEfsD6/ABMzpMM=</latexit>

IceCube-DeepCore

<latexit sha1_base64="NAMhlAORf/yzxoTuLxGk/DWsUsM="></latexit>

FASER

<latexit sha1_base64="CY3RYB/B9KKcPZy8kDBr3K1HEn4="></latexit>

FASER2

<latexit sha1_base64="bhu3inHfkIhEJUoyeTqbDnGzWDc="></latexit>

SHiP

<latexit sha1_base64="cATorl7/5SpnAsCi1TVZmMVhySc=">AAACHXicdZDLSgMxFIYz9VbrbdSlm2ARXJQyI/XSXdFNlxXtBTpDyaRpG5q5kJwRyzAv4sZXceNCERduxLcxvYmKHgj8fOc/ycnvRYIrsKwPI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3hxbjfvGFS8TC4hlHEXJ/0A97jlIBGHbOUOJNL2rLvuYlVPLbs8oldsIrWpApzkjrAbiG5qvJamnbM/JzjuRN/EXtG8mhWtY755nRDGvssACqIUm3bisBNiAROBUtzTqxYROiQ9Flby4D4TLnJZLEUH2jSxb1Q6hMAntDvEwnxlRr5nnb6BAbqd28M/+q1Y+iduQkPohhYQKcP9WKBIcTjqHCXS0ZBjLQgVHK9K6YDIgkFHWhOhzD/Kf5fNI6KdqlYvizlK+ezOLJoD+2jQ2SjU1RBVVRDdUTRHXpAT+jZuDcejRfjdWrNGLOZXfSjjPdP1I+etA==</latexit>

Atmospheric ⌫

<latexit sha1_base64="5+IE03u8CxgszICmJ9jZ9TCtJE8="></latexit>

Astrophysical ⌫
IceCube Belle/BaBar

<latexit sha1_base64="KJAffj7XWvXHhBxf+M4L2toM/Rc="></latexit>

(⌧ Decays)

<latexit sha1_base64="2DmsAH7gjf6YRxsl9TVBJCAWHfg="></latexit>

Belle/BaBar

<latexit sha1_base64="RTx/0EBDA29/j5MOAXfPfrCOHQY="></latexit>

(B Decays)

<latexit sha1_base64="DsGm+C5ZIza8YR5dOIkAl71OYLI="></latexit>

Type-I Seesaw

<latexit sha1_base64="EZ6Dpo52ZbhaGAXBZjv2KFiBcPo=">AAACJnicbVDLSgMxFM3Ud31VXboJFsGFlhkR1IUgutFdRWsLM0PJpLdtMPMguaOWYb7Gjb/ixkVFxJ2fYlorqPVA4HDuuY+cIJFCo22/W4WJyanpmdm54vzC4tJyaWX1Wsep4lDjsYxVI2AapIighgIlNBIFLAwk1IOb00G9fgtKizi6wl4Cfsg6kWgLztBIzdJR5g2HuKoT+JldsYfYHiO5h3CP2ZUZsXNOLwE0u8vzZqn8baDjxBmRMhmh2iz1vVbM0xAi5JJp7Tp2gn7GFAouIS96qYaE8RvWAdfQiIWg/Wx4YU43jdKi7ViZFyEdqj87MhZq3QsD4wwZdvXf2kD8r+am2D7wMxElKULEvxa1U0kxpoPMaEso4Ch7hjCuhLmV8i5TjKNJtmhCcP5+eZxc71acvcrhxV75+GQUxyxZJxtkizhknxyTM1IlNcLJA3kiffJiPVrP1qv19mUtWKOeNfIL1scnNeaiAg==</latexit>

LEP

<latexit sha1_base64="Wkwz5jsPM8jPrmwtq86P7PA2B2M="></latexit>

monojet

<latexit sha1_base64="37r/jhhUQFDbIqRxGTYjxeNXupA="></latexit>

D
is
fa
vo
re
d
by

X
b
os
on

se
ar
ch
es

<latexit sha1_base64="YGBpbuZAhF945hm/OXvS93GmlxQ="></latexit>

C
H
A
R
M

<latexit sha1_base64="nEGa4BOEhtdjmMJ+s23PxymiJgk="></latexit>

NOMAD

<latexit sha1_base64="xrfXAfuUFgXc9KurnYE5F3tO9dA="></latexit>

<latexit sha1_base64="lZgfnvAvL2tcofcDh91kRMp+yaQ="></latexit>

(mX , gX) = (0.1m4, 10
�5)

<latexit sha1_base64="yTx/7Il2ykwM/T6Br4C2i6oD8nk="></latexit>

(mX , gX) = (0.3m4, 10
�4)

• Current & Future limits: 
<latexit sha1_base64="38v9nDZNN8I6DAepRYI9pDyMN9g=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8WCYEUWPIV48eIhgFkjC0NNTSZr0LHTXiGGIF3/FiwdFvPoX3vwbO8tBow8KHu9VUVXPi6XQaNtfVmZhcWl5JbuaW1vf2NzKb+/UdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9Cwxtcjv3GHSgtovAWhzF0AtYLRVdwhkZy83tthHtMeyzpgU9HtaJz5KaV4+uRmy/YJXsC+pc4M1IgM1Td/Gfbj3gSQIhcMq1bjh1jJ2UKBZcwyrUTDTHjA9aDlqEhC0B30skHI3poFJ92I2UqRDpRf06kLNB6GHimM2DY1/PeWPzPayXYveikIowThJBPF3UTSTGi4zioLxRwlENDGFfC3Ep5nynG0YSWMyE48y//JfWTknNWsm9OC+XKLI4s2ScHpEgcck7K5IpUSY1w8kCeyAt5tR6tZ+vNep+2ZqzZzC75BevjG2EDli4=</latexit>

gauged U(1)B�L

10

YSJ, J.Kim, P.Ko, S.C.Park 
[2008.12598]



MeV-GeV HNL w light gauge int. 
: Sensitivity limits on tau-sterile mixing
• Current & Future limits: 
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<latexit sha1_base64="jvtgyAEkMq+QVm+DQUlBJeCtOqM=">AAACKnicdVDLTgIxFO34RHyhLt00EhMXhgxIIuxQNy4xkUeECemUAg2dzqS9g5LJfI8bf8UNCw1x64dYXomKnqTJybnnPnrcQHANtj22VlbX1jc2E1vJ7Z3dvf3UwWFV+6GirEJ94au6SzQTXLIKcBCsHihGPFewmtu/mdRrA6Y09+U9DAPmeKQreYdTAkZqpa6i5nRIQ3VdJ7IzuWLBviieL5H4oQnsCSLM5YBrbsbjR96GXhy3UumFCS+TbMaeIo3mKLdSo2bbp6HHJFBBtG5k7QCciCjgVLA42Qw1Cwjtky5rGCqJx7QTTa+M8alR2rjjK/Mk4Kn6vSMintZDzzVOj0BP/65NxL9qjRA6BSfiMgiBSTpb1AkFBh9PcsNtrhgFMTSEUMXNrZj2iCIUTLpJE8Lip/h/Us1lsvlM8S6fLl3P40igY3SCzlAWXaISukVlVEEUPaNX9IberRdrZI2tj5l1xZr3HKEfsD6/ABMzpMM=</latexit>

LEP monojet

<latexit sha1_base64="EnRbcaPo5Pdcm1OfWHxnMWQvzSY="></latexit>

IceCube-DeepCore

<latexit sha1_base64="NAMhlAORf/yzxoTuLxGk/DWsUsM="></latexit>

FASER

<latexit sha1_base64="CY3RYB/B9KKcPZy8kDBr3K1HEn4="></latexit>

FASER2

<latexit sha1_base64="bhu3inHfkIhEJUoyeTqbDnGzWDc="></latexit>

SHiP

<latexit sha1_base64="cATorl7/5SpnAsCi1TVZmMVhySc=">AAACHXicdZDLSgMxFIYz9VbrbdSlm2ARXJQyI/XSXdFNlxXtBTpDyaRpG5q5kJwRyzAv4sZXceNCERduxLcxvYmKHgj8fOc/ycnvRYIrsKwPI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3hxbjfvGFS8TC4hlHEXJ/0A97jlIBGHbOUOJNL2rLvuYlVPLbs8oldsIrWpApzkjrAbiG5qvJamnbM/JzjuRN/EXtG8mhWtY755nRDGvssACqIUm3bisBNiAROBUtzTqxYROiQ9Flby4D4TLnJZLEUH2jSxb1Q6hMAntDvEwnxlRr5nnb6BAbqd28M/+q1Y+iduQkPohhYQKcP9WKBIcTjqHCXS0ZBjLQgVHK9K6YDIgkFHWhOhzD/Kf5fNI6KdqlYvizlK+ezOLJoD+2jQ2SjU1RBVVRDdUTRHXpAT+jZuDcejRfjdWrNGLOZXfSjjPdP1I+etA==</latexit>

Atmospheric ⌫

<latexit sha1_base64="5+IE03u8CxgszICmJ9jZ9TCtJE8="></latexit>

Astrophysical ⌫
IceCube

Belle/BaBar

<latexit sha1_base64="KJAffj7XWvXHhBxf+M4L2toM/Rc="></latexit>

(⌧ Decays)

<latexit sha1_base64="2DmsAH7gjf6YRxsl9TVBJCAWHfg="></latexit>

Belle/BaBar

<latexit sha1_base64="RTx/0EBDA29/j5MOAXfPfrCOHQY="></latexit>

(B Decays)

<latexit sha1_base64="DsGm+C5ZIza8YR5dOIkAl71OYLI="></latexit>

D
is
fa
vo
re
d
by

X
b
os
on

se
ar
ch
es

<latexit sha1_base64="YGBpbuZAhF945hm/OXvS93GmlxQ="></latexit>

MiniBooNE/LSND

<latexit sha1_base64="lDPKdsxaySu7nf9RataIcMQeOH4=">AAAB/nicbVDLSgNBEJz1GeMrKp68LAbBU9yVgHoLUcGDhojmAckSZiezyZDZmWWmVwxLwF/x4kERr36HN//GyeOgiQUNRVU33V1+xJkGx/m25uYXFpeWUyvp1bX1jc3M1nZVy1gRWiGSS1X3saacCVoBBpzWI0Vx6HNa83vnQ7/2QJVmUtxDP6JeiDuCBYxgMFIrs9sE+gjJDROsKGXp8uj6rnQxaGWyTs4ZwZ4l7oRk0QTlVuar2ZYkDqkAwrHWDdeJwEuwAkY4HaSbsaYRJj3coQ1DBQ6p9pLR+QP7wChtO5DKlAB7pP6eSHCodT/0TWeIoaunvaH4n9eIITj1EiaiGKgg40VBzG2Q9jALu80UJcD7hmCimLnVJl2sMAGTWNqE4E6/PEuqxzk3nzu7zWcLxUkcKbSH9tEhctEJKqArVEYVRFCCntErerOerBfr3foYt85Zk5kd9AfW5w+XaZVC</latexit>

C
H
A
R
M

<latexit sha1_base64="nEGa4BOEhtdjmMJ+s23PxymiJgk="></latexit>

NOMAD

<latexit sha1_base64="xrfXAfuUFgXc9KurnYE5F3tO9dA="></latexit>
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<latexit sha1_base64="jvtgyAEkMq+QVm+DQUlBJeCtOqM=">AAACKnicdVDLTgIxFO34RHyhLt00EhMXhgxIIuxQNy4xkUeECemUAg2dzqS9g5LJfI8bf8UNCw1x64dYXomKnqTJybnnPnrcQHANtj22VlbX1jc2E1vJ7Z3dvf3UwWFV+6GirEJ94au6SzQTXLIKcBCsHihGPFewmtu/mdRrA6Y09+U9DAPmeKQreYdTAkZqpa6i5nRIQ3VdJ7IzuWLBviieL5H4oQnsCSLM5YBrbsbjR96GXhy3UumFCS+TbMaeIo3mKLdSo2bbp6HHJFBBtG5k7QCciCjgVLA42Qw1Cwjtky5rGCqJx7QTTa+M8alR2rjjK/Mk4Kn6vSMintZDzzVOj0BP/65NxL9qjRA6BSfiMgiBSTpb1AkFBh9PcsNtrhgFMTSEUMXNrZj2iCIUTLpJE8Lip/h/Us1lsvlM8S6fLl3P40igY3SCzlAWXaISukVlVEEUPaNX9IberRdrZI2tj5l1xZr3HKEfsD6/ABMzpMM=</latexit>

LEP monojet

<latexit sha1_base64="EnRbcaPo5Pdcm1OfWHxnMWQvzSY="></latexit>

IceCube-DeepCore

<latexit sha1_base64="NAMhlAORf/yzxoTuLxGk/DWsUsM="></latexit>

FASER

<latexit sha1_base64="CY3RYB/B9KKcPZy8kDBr3K1HEn4="></latexit>

FASER2

<latexit sha1_base64="bhu3inHfkIhEJUoyeTqbDnGzWDc="></latexit>

SHiP

<latexit sha1_base64="cATorl7/5SpnAsCi1TVZmMVhySc=">AAACHXicdZDLSgMxFIYz9VbrbdSlm2ARXJQyI/XSXdFNlxXtBTpDyaRpG5q5kJwRyzAv4sZXceNCERduxLcxvYmKHgj8fOc/ycnvRYIrsKwPI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbHlFM8IDVgYNgrUgy4nuCNb3hxbjfvGFS8TC4hlHEXJ/0A97jlIBGHbOUOJNL2rLvuYlVPLbs8oldsIrWpApzkjrAbiG5qvJamnbM/JzjuRN/EXtG8mhWtY755nRDGvssACqIUm3bisBNiAROBUtzTqxYROiQ9Flby4D4TLnJZLEUH2jSxb1Q6hMAntDvEwnxlRr5nnb6BAbqd28M/+q1Y+iduQkPohhYQKcP9WKBIcTjqHCXS0ZBjLQgVHK9K6YDIgkFHWhOhzD/Kf5fNI6KdqlYvizlK+ezOLJoD+2jQ2SjU1RBVVRDdUTRHXpAT+jZuDcejRfjdWrNGLOZXfSjjPdP1I+etA==</latexit>

Atmospheric ⌫

<latexit sha1_base64="5+IE03u8CxgszICmJ9jZ9TCtJE8="></latexit>

Astrophysical ⌫
IceCube Belle/BaBar

<latexit sha1_base64="KJAffj7XWvXHhBxf+M4L2toM/Rc="></latexit>

(⌧ Decays)

<latexit sha1_base64="2DmsAH7gjf6YRxsl9TVBJCAWHfg="></latexit>

Belle/BaBar

<latexit sha1_base64="RTx/0EBDA29/j5MOAXfPfrCOHQY="></latexit>

(B Decays)

<latexit sha1_base64="DsGm+C5ZIza8YR5dOIkAl71OYLI="></latexit>

D
is
fa
vo
re
d
by

X
b
os
on

se
ar
ch
es

<latexit sha1_base64="YGBpbuZAhF945hm/OXvS93GmlxQ="></latexit>

C
H
A
R
M

<latexit sha1_base64="nEGa4BOEhtdjmMJ+s23PxymiJgk="></latexit>

NOMAD

<latexit sha1_base64="xrfXAfuUFgXc9KurnYE5F3tO9dA="></latexit>

MiniBooNE/LSND

<latexit sha1_base64="lDPKdsxaySu7nf9RataIcMQeOH4=">AAAB/nicbVDLSgNBEJz1GeMrKp68LAbBU9yVgHoLUcGDhojmAckSZiezyZDZmWWmVwxLwF/x4kERr36HN//GyeOgiQUNRVU33V1+xJkGx/m25uYXFpeWUyvp1bX1jc3M1nZVy1gRWiGSS1X3saacCVoBBpzWI0Vx6HNa83vnQ7/2QJVmUtxDP6JeiDuCBYxgMFIrs9sE+gjJDROsKGXp8uj6rnQxaGWyTs4ZwZ4l7oRk0QTlVuar2ZYkDqkAwrHWDdeJwEuwAkY4HaSbsaYRJj3coQ1DBQ6p9pLR+QP7wChtO5DKlAB7pP6eSHCodT/0TWeIoaunvaH4n9eIITj1EiaiGKgg40VBzG2Q9jALu80UJcD7hmCimLnVJl2sMAGTWNqE4E6/PEuqxzk3nzu7zWcLxUkcKbSH9tEhctEJKqArVEYVRFCCntErerOerBfr3foYt85Zk5kd9AfW5w+XaZVC</latexit>

<latexit sha1_base64="vaVj1gs1R50R6HAkLF1+SrcQb8s=">AAACDXicbVC7SgNBFJ2NrxhfUUubwUSIhWFXFC2DNpYRzQOSEGYnN8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWj0wMDhnHO5c48fSWHQdb+c1MLi0vJKejWztr6xuZXd3qmaMNYcKjyUoa77zIAUCiooUEI90sACX0LNH1yO/dodaCNCdYvDCFoB6ynRFZyhldrZfBPhHpMbBC0k0HxTxfkjEwEfZ+ioUvAO26adzblFdwL6l3gzkiMzlNvZz2Yn5HEACrlkxjQ8N8JWwjQKLmGUacYGIsYHrAcNSxULwLSSyTUjemCVDu2G2j6FdKL+nEhYYMww8G0yYNg3895Y/M9rxNg9byVCRTGC4tNF3VhSDOm4GtoRGjjKoSWMa2H/SnmfacZtOSZjS/DmT/5LqsdF77ToXp/kShezOtJkj+yTAvHIGSmRK1ImFcLJA3kiL+TVeXSenTfnfRpNObOZXfILzsc3HJGa6w==</latexit>

Sterile ⌫-specific U(1)s

<latexit sha1_base64="q1YQMM1DxfZMrvfO9rajRFS4M14="></latexit>

(mX , gX) = (1.2m4, 3⇥ 10�4)
<latexit sha1_base64="cRE0keL/mH+7+IERwN6UiXc7pr8="></latexit>

(mX , gX) = (8m4, 10
�3)
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• We consider MeV-GeV Heavy Neutral Lepton in the presence of light gauge 
interactions in the neutrino sector. As benchmark model, we consider 
Gauged B-L and Sterile neutrino-specific dark photon in this study.


• Due to the different kinematics and decay channels of HNL, the signatures 
at LLP searches and neutrino telescopes can be significantly changed.


• FPF, future beam-dump experiments, IceCube telescope are expected to 
probe even very small tau-sterile mixing region in near future.


• In the presence both muon-sterile and tau-sterile mixings,  
By considering MiniBooNE/LSND signatures together,  
FPF and other future LLP searches can be expected to have the excellent 
sensitivity to reach the Low E excess favored parameters 
in this type of NP scenarios [2011.xxxxx (to be appear soon)]

Conclusion
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Thank you for your attention



End of slides


