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Why Left-Right Symmetry?

• Grand-Unification

• Can solve Strong CP Problem

• Explain vanishing of Higgs quartic

Parity restored symmetry

“Higgs Parity”

SO(10) !SU(3)c ⇥ SU(2)L ⇥ SU(2)R ⇥ U(1)B�L

vR��!SU(3)c ⇥ SU(2)L ⇥ U(1)Y
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mt = 173.0 GeV, mh = 125.18 GeV, αS(mZ) = 0.1181
Δmh = 3σ
Δmh, ΔαS(mZ) = 3σ
Δmh, ΔαS(mZ), Δmt = 3σ
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• Predicts right-handed neutrinos

•    SM gauge singlets. If long-lived,      can be dark matter
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Cosmology

• Production mechanisms:

• 1) Yukawa coupling         

• Problem! In tension with x-ray and structure 
bounds

yN`H
<latexit sha1_base64="U5QPpLGn1nT4lOwkchw2i1m2d+I=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7uim66kgn1gO5RMmmlDM5khyQhl6F+4caGIW//GnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvErZ7G1AvxSLCAEayNdDeF17BPOYeNQb6AbKd0gVwEke065UqtYkjRKVbdMnRstEABrNAc5N/7w4gkIRWacKxUz0Gx9lIsNSOcznL9RNEYkwke0Z6hAodUeeni4hk8M8oQBpE0JTRcqN8nUhwqNQ190xliPVa/vbn4l9dLdFDzUibiRFNBlouChEMdwfn7cMgkJZpPDcFEMnMrJGMsMdEmpJwJ4etT+D9pu7ZjsropFeqXqziy4AScgnPggCqogwZoghYgQIAH8ASeLWU9Wi/W67I1Y61mjsEPWG+fgLCQJw==</latexit><latexit sha1_base64="U5QPpLGn1nT4lOwkchw2i1m2d+I=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7uim66kgn1gO5RMmmlDM5khyQhl6F+4caGIW//GnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvErZ7G1AvxSLCAEayNdDeF17BPOYeNQb6AbKd0gVwEke065UqtYkjRKVbdMnRstEABrNAc5N/7w4gkIRWacKxUz0Gx9lIsNSOcznL9RNEYkwke0Z6hAodUeeni4hk8M8oQBpE0JTRcqN8nUhwqNQ190xliPVa/vbn4l9dLdFDzUibiRFNBlouChEMdwfn7cMgkJZpPDcFEMnMrJGMsMdEmpJwJ4etT+D9pu7ZjsropFeqXqziy4AScgnPggCqogwZoghYgQIAH8ASeLWU9Wi/W67I1Y61mjsEPWG+fgLCQJw==</latexit><latexit sha1_base64="U5QPpLGn1nT4lOwkchw2i1m2d+I=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7uim66kgn1gO5RMmmlDM5khyQhl6F+4caGIW//GnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvErZ7G1AvxSLCAEayNdDeF17BPOYeNQb6AbKd0gVwEke065UqtYkjRKVbdMnRstEABrNAc5N/7w4gkIRWacKxUz0Gx9lIsNSOcznL9RNEYkwke0Z6hAodUeeni4hk8M8oQBpE0JTRcqN8nUhwqNQ190xliPVa/vbn4l9dLdFDzUibiRFNBlouChEMdwfn7cMgkJZpPDcFEMnMrJGMsMdEmpJwJ4etT+D9pu7ZjsropFeqXqziy4AScgnPggCqogwZoghYgQIAH8ASeLWU9Wi/W67I1Y61mjsEPWG+fgLCQJw==</latexit><latexit sha1_base64="U5QPpLGn1nT4lOwkchw2i1m2d+I=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLTp7uim66kgn1gO5RMmmlDM5khyQhl6F+4caGIW//GnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJm19Y3Nrex2bmd3b/8gf3jUVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvErZ7G1AvxSLCAEayNdDeF17BPOYeNQb6AbKd0gVwEke065UqtYkjRKVbdMnRstEABrNAc5N/7w4gkIRWacKxUz0Gx9lIsNSOcznL9RNEYkwke0Z6hAodUeeni4hk8M8oQBpE0JTRcqN8nUhwqNQ190xliPVa/vbn4l9dLdFDzUibiRFNBlouChEMdwfn7cMgkJZpPDcFEMnMrJGMsMdEmpJwJ4etT+D9pu7ZjsropFeqXqziy4AScgnPggCqogwZoghYgQIAH8ASeLWU9Wi/W67I1Y61mjsEPWG+fgLCQJw==</latexit>

• 2) In LR theories,      can also be produced via 
exchange

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

WR
<latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit><latexit sha1_base64="UEOXU21RzhxhZna48onay4yHSJg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHtr9+3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLbo2g</latexit>
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Dilute      to the dark matter abundance

Relativistic Freeze-Out and Dilution

• When reheat temperature after inflation is large,    ’s in 
thermal equilibrium then decouple relativistically 

• Overproduction problem!

• However,      also thermally produced

N
<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit>
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<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

If long-lived can produce entropy upon decay 

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>
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<latexit sha1_base64="BtdwZiYCk2bCFktMOECSAyNDe2U="></latexit><latexit sha1_base64="BtdwZiYCk2bCFktMOECSAyNDe2U="></latexit><latexit sha1_base64="BtdwZiYCk2bCFktMOECSAyNDe2U="></latexit><latexit sha1_base64="BtdwZiYCk2bCFktMOECSAyNDe2U="></latexit>
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           Majorana 
mass

           Majorana 
mass

Neutrino Masses

• Stability of       (to be DM) and semi-stability of      (to 
be the diluter) will constrain form of neutrino masses

• In the conventional LR or two Higgs doublet LR 
theories, the general, effective Lagrangian below      is

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

vR
<latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit>
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vR

`i`jH
2

<latexit sha1_base64="Ep7/+AuJDsPN2lCi7qZ6gplbIJU="></latexit><latexit sha1_base64="Ep7/+AuJDsPN2lCi7qZ6gplbIJU="></latexit><latexit sha1_base64="Ep7/+AuJDsPN2lCi7qZ6gplbIJU="></latexit><latexit sha1_base64="Ep7/+AuJDsPN2lCi7qZ6gplbIJU="></latexit>

Dirac mass ⌫
<latexit sha1_base64="J9Y2a530g57nf0FU/xi2IhwNVAY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaSJ2O6KblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeMOVMacf5sFZW19Y3Ngtbxe2d3b390sFhSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh+Grmt++pVCwRd3qS0iDGQ8EiRrA20m1PZP1S2bEr3nml5iNDalXHqxniVX3P9ZFrO3OUYYlGv/TeGyQki6nQhGOluq6T6iDHUjPC6bTYyxRNMRnjIe0aKnBMVZDPT52iU6MMUJRIU0Kjufp9IsexUpM4NJ0x1iP125uJf3ndTEfVIGcizTQVZLEoyjjSCZr9jQZMUqL5xBBMJDO3IjLCEhNt0imaEL4+Rf+TVsV2Hdu98cv1y2UcBTiGEzgDFy6gDtfQgCYQGMIDPMGzxa1H68V6XbSuWMuZI/gB6+0T0UKOJg==</latexit><latexit sha1_base64="J9Y2a530g57nf0FU/xi2IhwNVAY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaSJ2O6KblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeMOVMacf5sFZW19Y3Ngtbxe2d3b390sFhSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh+Grmt++pVCwRd3qS0iDGQ8EiRrA20m1PZP1S2bEr3nml5iNDalXHqxniVX3P9ZFrO3OUYYlGv/TeGyQki6nQhGOluq6T6iDHUjPC6bTYyxRNMRnjIe0aKnBMVZDPT52iU6MMUJRIU0Kjufp9IsexUpM4NJ0x1iP125uJf3ndTEfVIGcizTQVZLEoyjjSCZr9jQZMUqL5xBBMJDO3IjLCEhNt0imaEL4+Rf+TVsV2Hdu98cv1y2UcBTiGEzgDFy6gDtfQgCYQGMIDPMGzxa1H68V6XbSuWMuZI/gB6+0T0UKOJg==</latexit><latexit sha1_base64="J9Y2a530g57nf0FU/xi2IhwNVAY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaSJ2O6KblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeMOVMacf5sFZW19Y3Ngtbxe2d3b390sFhSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh+Grmt++pVCwRd3qS0iDGQ8EiRrA20m1PZP1S2bEr3nml5iNDalXHqxniVX3P9ZFrO3OUYYlGv/TeGyQki6nQhGOluq6T6iDHUjPC6bTYyxRNMRnjIe0aKnBMVZDPT52iU6MMUJRIU0Kjufp9IsexUpM4NJ0x1iP125uJf3ndTEfVIGcizTQVZLEoyjjSCZr9jQZMUqL5xBBMJDO3IjLCEhNt0imaEL4+Rf+TVsV2Hdu98cv1y2UcBTiGEzgDFy6gDtfQgCYQGMIDPMGzxa1H68V6XbSuWMuZI/gB6+0T0UKOJg==</latexit><latexit sha1_base64="J9Y2a530g57nf0FU/xi2IhwNVAY=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaSJ2O6KblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeMOVMacf5sFZW19Y3Ngtbxe2d3b390sFhSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh+Grmt++pVCwRd3qS0iDGQ8EiRrA20m1PZP1S2bEr3nml5iNDalXHqxniVX3P9ZFrO3OUYYlGv/TeGyQki6nQhGOluq6T6iDHUjPC6bTYyxRNMRnjIe0aKnBMVZDPT52iU6MMUJRIU0Kjufp9IsexUpM4NJ0x1iP125uJf3ndTEfVIGcizTQVZLEoyjjSCZr9jQZMUqL5xBBMJDO3IjLCEhNt0imaEL4+Rf+TVsV2Hdu98cv1y2UcBTiGEzgDFy6gDtfQgCYQGMIDPMGzxa1H68V6XbSuWMuZI/gB6+0T0UKOJg==</latexit>N

<latexit sha1_base64="vSu507TxQGsypmBosJPTj2RR/xI=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQtJGbHdFN66kBfuANpTJ9KYdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feEyScKe04H9bK6tr6xmZuK7+9s7u3Xzg4bKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gfDXz2/cgFYvFrZ4k4EdkKFjIKNFGatz0C0XHLpXPS1UPG1KtOOWqIeWKV3Y97NrOHEW0RL1feO8NYppGIDTlRKmu6yTaz4jUjHKY5nupgoTQMRlC11BBIlB+Nj90ik+NMsBhLE0Jjefq94mMREpNosB0RkSP1G9vJv7ldVMdVvyMiSTVIOhiUZhyrGM8+xoPmASq+cQQQiUzt2I6IpJQbbLJmxC+PsX/k1bJdh3bbXjF2uUyjhw6RifoDLnoAtXQNaqjJqII0AN6Qs/WnfVovVivi9YVazlzhH7AevsEGP+NIQ==</latexit><latexit sha1_base64="vSu507TxQGsypmBosJPTj2RR/xI=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQtJGbHdFN66kBfuANpTJ9KYdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feEyScKe04H9bK6tr6xmZuK7+9s7u3Xzg4bKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gfDXz2/cgFYvFrZ4k4EdkKFjIKNFGatz0C0XHLpXPS1UPG1KtOOWqIeWKV3Y97NrOHEW0RL1feO8NYppGIDTlRKmu6yTaz4jUjHKY5nupgoTQMRlC11BBIlB+Nj90ik+NMsBhLE0Jjefq94mMREpNosB0RkSP1G9vJv7ldVMdVvyMiSTVIOhiUZhyrGM8+xoPmASq+cQQQiUzt2I6IpJQbbLJmxC+PsX/k1bJdh3bbXjF2uUyjhw6RifoDLnoAtXQNaqjJqII0AN6Qs/WnfVovVivi9YVazlzhH7AevsEGP+NIQ==</latexit><latexit sha1_base64="vSu507TxQGsypmBosJPTj2RR/xI=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQtJGbHdFN66kBfuANpTJ9KYdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feEyScKe04H9bK6tr6xmZuK7+9s7u3Xzg4bKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gfDXz2/cgFYvFrZ4k4EdkKFjIKNFGatz0C0XHLpXPS1UPG1KtOOWqIeWKV3Y97NrOHEW0RL1feO8NYppGIDTlRKmu6yTaz4jUjHKY5nupgoTQMRlC11BBIlB+Nj90ik+NMsBhLE0Jjefq94mMREpNosB0RkSP1G9vJv7ldVMdVvyMiSTVIOhiUZhyrGM8+xoPmASq+cQQQiUzt2I6IpJQbbLJmxC+PsX/k1bJdh3bbXjF2uUyjhw6RifoDLnoAtXQNaqjJqII0AN6Qs/WnfVovVivi9YVazlzhH7AevsEGP+NIQ==</latexit><latexit sha1_base64="vSu507TxQGsypmBosJPTj2RR/xI=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQtJGbHdFN66kBfuANpTJ9KYdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feEyScKe04H9bK6tr6xmZuK7+9s7u3Xzg4bKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gfDXz2/cgFYvFrZ4k4EdkKFjIKNFGatz0C0XHLpXPS1UPG1KtOOWqIeWKV3Y97NrOHEW0RL1feO8NYppGIDTlRKmu6yTaz4jUjHKY5nupgoTQMRlC11BBIlB+Nj90ik+NMsBhLE0Jjefq94mMREpNosB0RkSP1G9vJv7ldVMdVvyMiSTVIOhiUZhyrGM8+xoPmASq+cQQQiUzt2I6IpJQbbLJmxC+PsX/k1bJdh3bbXjF2uUyjhw6RifoDLnoAtXQNaqjJqII0AN6Qs/WnfVovVivi9YVazlzhH7AevsEGP+NIQ==</latexit>
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• Stability of       (to be DM) and semi-stability of      (to 
be the diluter) will constrain form of neutrino masses

• In the conventional LR or two Higgs doublet LR 
theories, the general, effective Lagrangian below      is

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

vR
<latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit>
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• Semi-stability of       guarantees 
M2 = µ
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<latexit sha1_base64="9oTYyvDqWGWiilNJ2w4mmntpUYg=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDEQ8JMEPQiBL14EaKYBTLJ0NPpSZr0LHTXBMIwX+HFX/HiQRGv4s2/sbMcNPFBweO9KqrquZHgCkzz28isrK6tb2Q3c1vbO7t7+f2DhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HriN0dMKh4GDzCOWMcn/YB7nBLQkpMv3ToVfIltP8a2YB4UbU8Smoyc+zQZpbbk/QGcdiuYdpOSlTr5glk2p8DLxJqTApqj5uS/7F5IY58FQAVRqm2ZEXQSIoFTwdKcHSsWETokfdbWNCA+U51k+laKT7TSw14odQWAp+rviYT4So19V3f6BAZq0ZuI/3ntGLyLTsKDKAYW0NkiLxYYQjzJCPe4ZBTEWBNCJde3YjogOhfQSeZ0CNbiy8ukUSlbZtm6OytUr+ZxZNEROkZFZKFzVEU3qIbqiKJH9Ixe0ZvxZLwY78bHrDVjzGcO0R8Ynz9hMZ5E</latexit><latexit sha1_base64="9oTYyvDqWGWiilNJ2w4mmntpUYg=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDEQ8JMEPQiBL14EaKYBTLJ0NPpSZr0LHTXBMIwX+HFX/HiQRGv4s2/sbMcNPFBweO9KqrquZHgCkzz28isrK6tb2Q3c1vbO7t7+f2DhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HriN0dMKh4GDzCOWMcn/YB7nBLQkpMv3ToVfIltP8a2YB4UbU8Smoyc+zQZpbbk/QGcdiuYdpOSlTr5glk2p8DLxJqTApqj5uS/7F5IY58FQAVRqm2ZEXQSIoFTwdKcHSsWETokfdbWNCA+U51k+laKT7TSw14odQWAp+rviYT4So19V3f6BAZq0ZuI/3ntGLyLTsKDKAYW0NkiLxYYQjzJCPe4ZBTEWBNCJde3YjogOhfQSeZ0CNbiy8ukUSlbZtm6OytUr+ZxZNEROkZFZKFzVEU3qIbqiKJH9Ixe0ZvxZLwY78bHrDVjzGcO0R8Ynz9hMZ5E</latexit><latexit sha1_base64="9oTYyvDqWGWiilNJ2w4mmntpUYg=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDEQ8JMEPQiBL14EaKYBTLJ0NPpSZr0LHTXBMIwX+HFX/HiQRGv4s2/sbMcNPFBweO9KqrquZHgCkzz28isrK6tb2Q3c1vbO7t7+f2DhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HriN0dMKh4GDzCOWMcn/YB7nBLQkpMv3ToVfIltP8a2YB4UbU8Smoyc+zQZpbbk/QGcdiuYdpOSlTr5glk2p8DLxJqTApqj5uS/7F5IY58FQAVRqm2ZEXQSIoFTwdKcHSsWETokfdbWNCA+U51k+laKT7TSw14odQWAp+rviYT4So19V3f6BAZq0ZuI/3ntGLyLTsKDKAYW0NkiLxYYQjzJCPe4ZBTEWBNCJde3YjogOhfQSeZ0CNbiy8ukUSlbZtm6OytUr+ZxZNEROkZFZKFzVEU3qIbqiKJH9Ixe0ZvxZLwY78bHrDVjzGcO0R8Ynz9hMZ5E</latexit><latexit sha1_base64="9oTYyvDqWGWiilNJ2w4mmntpUYg=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDEQ8JMEPQiBL14EaKYBTLJ0NPpSZr0LHTXBMIwX+HFX/HiQRGv4s2/sbMcNPFBweO9KqrquZHgCkzz28isrK6tb2Q3c1vbO7t7+f2DhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru8HriN0dMKh4GDzCOWMcn/YB7nBLQkpMv3ToVfIltP8a2YB4UbU8Smoyc+zQZpbbk/QGcdiuYdpOSlTr5glk2p8DLxJqTApqj5uS/7F5IY58FQAVRqm2ZEXQSIoFTwdKcHSsWETokfdbWNCA+U51k+laKT7TSw14odQWAp+rviYT4So19V3f6BAZq0ZuI/3ntGLyLTsKDKAYW0NkiLxYYQjzJCPe4ZBTEWBNCJde3YjogOhfQSeZ0CNbiy8ukUSlbZtm6OytUr+ZxZNEROkZFZKFzVEU3qIbqiKJH9Ixe0ZvxZLwY78bHrDVjzGcO0R8Ynz9hMZ5E</latexit>

µ ' (0.01� 0.10) eV
<latexit sha1_base64="lxt2SqoKH0JtYUeU/13TuneomLA=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFahgpZEBD0WvXisYD+gCWWznbSLu0nc3Qgl9A948a948aCIV+/e/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2milNJoUFjHst2QBRwFkFDM82hnUggIuDQCu6uxn7rAaRicXSrhwn4gvQjFjJKtJG69oEnUuwpJuAeV5yq4+IT7FRd5wh7xzjzpMDQHHXtsrEmwPPEzUkZ5ah37S+vF9NUQKQpJ0p1XCfRfkakZpTDqOSlChJC70gfOoZGRIDys8k3I3xolB4OY2kq0nii/p7IiFBqKALTKYgeqFlvLP7ndVIdXvgZi5JUQ0Sni8KUYx3jcTS4xyRQzYeGECqZuRXTAZGEahNgyYTgzr48T5qnJryqe3NWrl3mcRTRHtpHFeSic1RD16iOGoiiR/SMXtGb9WS9WO/Wx7S1YOUzu+gPrM8fpsqYHg==</latexit><latexit sha1_base64="lxt2SqoKH0JtYUeU/13TuneomLA=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFahgpZEBD0WvXisYD+gCWWznbSLu0nc3Qgl9A948a948aCIV+/e/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2milNJoUFjHst2QBRwFkFDM82hnUggIuDQCu6uxn7rAaRicXSrhwn4gvQjFjJKtJG69oEnUuwpJuAeV5yq4+IT7FRd5wh7xzjzpMDQHHXtsrEmwPPEzUkZ5ah37S+vF9NUQKQpJ0p1XCfRfkakZpTDqOSlChJC70gfOoZGRIDys8k3I3xolB4OY2kq0nii/p7IiFBqKALTKYgeqFlvLP7ndVIdXvgZi5JUQ0Sni8KUYx3jcTS4xyRQzYeGECqZuRXTAZGEahNgyYTgzr48T5qnJryqe3NWrl3mcRTRHtpHFeSic1RD16iOGoiiR/SMXtGb9WS9WO/Wx7S1YOUzu+gPrM8fpsqYHg==</latexit><latexit sha1_base64="lxt2SqoKH0JtYUeU/13TuneomLA=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFahgpZEBD0WvXisYD+gCWWznbSLu0nc3Qgl9A948a948aCIV+/e/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2milNJoUFjHst2QBRwFkFDM82hnUggIuDQCu6uxn7rAaRicXSrhwn4gvQjFjJKtJG69oEnUuwpJuAeV5yq4+IT7FRd5wh7xzjzpMDQHHXtsrEmwPPEzUkZ5ah37S+vF9NUQKQpJ0p1XCfRfkakZpTDqOSlChJC70gfOoZGRIDys8k3I3xolB4OY2kq0nii/p7IiFBqKALTKYgeqFlvLP7ndVIdXvgZi5JUQ0Sni8KUYx3jcTS4xyRQzYeGECqZuRXTAZGEahNgyYTgzr48T5qnJryqe3NWrl3mcRTRHtpHFeSic1RD16iOGoiiR/SMXtGb9WS9WO/Wx7S1YOUzu+gPrM8fpsqYHg==</latexit><latexit sha1_base64="lxt2SqoKH0JtYUeU/13TuneomLA=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFahgpZEBD0WvXisYD+gCWWznbSLu0nc3Qgl9A948a948aCIV+/e/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2milNJoUFjHst2QBRwFkFDM82hnUggIuDQCu6uxn7rAaRicXSrhwn4gvQjFjJKtJG69oEnUuwpJuAeV5yq4+IT7FRd5wh7xzjzpMDQHHXtsrEmwPPEzUkZ5ah37S+vF9NUQKQpJ0p1XCfRfkakZpTDqOSlChJC70gfOoZGRIDys8k3I3xolB4OY2kq0nii/p7IiFBqKALTKYgeqFlvLP7ndVIdXvgZi5JUQ0Sni8KUYx3jcTS4xyRQzYeGECqZuRXTAZGEahNgyYTgzr48T5qnJryqe3NWrl3mcRTRHtpHFeSic1RD16iOGoiiR/SMXtGb9WS9WO/Wx7S1YOUzu+gPrM8fpsqYHg==</latexit>

8c . 1
<latexit sha1_base64="3Pu/TO3GLkCxxVMbG1xP2rMYN2c=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UMhIKNMZwSYJetebX/TnIKgkKUoMCzV71K+ynLJeoLBPUmG7gZzaaUG05EzithLnBjLIRHWDXUUUlmmgyv3lKzpzSJ0mqXSlL5urviQmVxoxl7DoltUOz7M3E/7xubpPraMJVlltUbLEoyQWxKZkFQPpcI7Ni7AhlmrtbCRtSTZl1MVVcCMHyy6ukfVEP/Hpwf1lr3BRxlOEETuEcAriCBtxBE1rAIINneIU3L/devHfvY9Fa8oqZY/gD7/MHN52RIg==</latexit><latexit sha1_base64="3Pu/TO3GLkCxxVMbG1xP2rMYN2c=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UMhIKNMZwSYJetebX/TnIKgkKUoMCzV71K+ynLJeoLBPUmG7gZzaaUG05EzithLnBjLIRHWDXUUUlmmgyv3lKzpzSJ0mqXSlL5urviQmVxoxl7DoltUOz7M3E/7xubpPraMJVlltUbLEoyQWxKZkFQPpcI7Ni7AhlmrtbCRtSTZl1MVVcCMHyy6ukfVEP/Hpwf1lr3BRxlOEETuEcAriCBtxBE1rAIINneIU3L/devHfvY9Fa8oqZY/gD7/MHN52RIg==</latexit><latexit sha1_base64="3Pu/TO3GLkCxxVMbG1xP2rMYN2c=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UMhIKNMZwSYJetebX/TnIKgkKUoMCzV71K+ynLJeoLBPUmG7gZzaaUG05EzithLnBjLIRHWDXUUUlmmgyv3lKzpzSJ0mqXSlL5urviQmVxoxl7DoltUOz7M3E/7xubpPraMJVlltUbLEoyQWxKZkFQPpcI7Ni7AhlmrtbCRtSTZl1MVVcCMHyy6ukfVEP/Hpwf1lr3BRxlOEETuEcAriCBtxBE1rAIINneIU3L/devHfvY9Fa8oqZY/gD7/MHN52RIg==</latexit><latexit sha1_base64="3Pu/TO3GLkCxxVMbG1xP2rMYN2c=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UMhIKNMZwSYJetebX/TnIKgkKUoMCzV71K+ynLJeoLBPUmG7gZzaaUG05EzithLnBjLIRHWDXUUUlmmgyv3lKzpzSJ0mqXSlL5urviQmVxoxl7DoltUOz7M3E/7xubpPraMJVlltUbLEoyQWxKZkFQPpcI7Ni7AhlmrtbCRtSTZl1MVVcCMHyy6ukfVEP/Hpwf1lr3BRxlOEETuEcAriCBtxBE1rAIINneIU3L/devHfvY9Fa8oqZY/gD7/MHN52RIg==</latexit>

{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

ddunsky@berkeley.edu

• Stability of       (to be DM) and semi-stability of      (to 
be the diluter) will constrain form of neutrino masses

• In the conventional LR or two Higgs doublet LR 
theories, the general, effective Lagrangian below      is

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

vR
<latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit><latexit sha1_base64="2BlMI+DEcOdb81HEEg3Z2bBF2zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF4/xkQckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781phrI2L1hJOE+xEdKBEKRtFKj+PeQ69ccavuHGSVeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5a6qeEJZSM64B1LFY248bP5qVNyZpU+CWNtSyGZq78nMhoZM4kC2xlRHJplbyb+53VSDK/9TKgkRa7YYlGYSoIxmf1N+kJzhnJiCWVa2FsJG1JNGdp0SjYEb/nlVdK8qHpu1bu/rNRu8jiKcAKncA4eXEEN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QM6qI2/</latexit>

https://arxiv.org/abs/2004.09511
mailto:ddunsky@berkeley.edu?subject=


• Current limits from LSS 
surveys & Lyman-alpha 
photons require

Constraint 1:       Warmness

• In general, light    
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N1
<latexit sha1_base64="sX9QSFdHt4WDyhx09Xo9Ievw2IE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKewm0eQY9OJJIpoHJEuYncwmQ2ZnlplZISz5BC8eFPHqF3nzb5w8BBUtaCiquunuCmLOtHHdDyezsrq2vpHdzG1t7+zu5fcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+HLmt++p0kyKOzOJqR/hoWAhI9hY6fa67/XzBbfoeeVq6QxZcu5WaxVLSpWy1ZBXdOcowBKNfv69N5AkiagwhGOtu54bGz/FyjDC6TTXSzSNMRnjIe1aKnBEtZ/OT52iE6sMUCiVLWHQXP0+keJI60kU2M4Im5H+7c3Ev7xuYsKanzIRJ4YKslgUJhwZiWZ/owFTlBg+sQQTxeytiIywwsTYdHI2hK9P0f+kVSp6NqKbSqF+sYwjC0dwDKfgQRXqcAUNaAKBITzAEzw73Hl0XpzXRWvGWc4cwg84b58pmI23</latexit><latexit sha1_base64="sX9QSFdHt4WDyhx09Xo9Ievw2IE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKewm0eQY9OJJIpoHJEuYncwmQ2ZnlplZISz5BC8eFPHqF3nzb5w8BBUtaCiquunuCmLOtHHdDyezsrq2vpHdzG1t7+zu5fcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+HLmt++p0kyKOzOJqR/hoWAhI9hY6fa67/XzBbfoeeVq6QxZcu5WaxVLSpWy1ZBXdOcowBKNfv69N5AkiagwhGOtu54bGz/FyjDC6TTXSzSNMRnjIe1aKnBEtZ/OT52iE6sMUCiVLWHQXP0+keJI60kU2M4Im5H+7c3Ev7xuYsKanzIRJ4YKslgUJhwZiWZ/owFTlBg+sQQTxeytiIywwsTYdHI2hK9P0f+kVSp6NqKbSqF+sYwjC0dwDKfgQRXqcAUNaAKBITzAEzw73Hl0XpzXRWvGWc4cwg84b58pmI23</latexit><latexit sha1_base64="sX9QSFdHt4WDyhx09Xo9Ievw2IE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKewm0eQY9OJJIpoHJEuYncwmQ2ZnlplZISz5BC8eFPHqF3nzb5w8BBUtaCiquunuCmLOtHHdDyezsrq2vpHdzG1t7+zu5fcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+HLmt++p0kyKOzOJqR/hoWAhI9hY6fa67/XzBbfoeeVq6QxZcu5WaxVLSpWy1ZBXdOcowBKNfv69N5AkiagwhGOtu54bGz/FyjDC6TTXSzSNMRnjIe1aKnBEtZ/OT52iE6sMUCiVLWHQXP0+keJI60kU2M4Im5H+7c3Ev7xuYsKanzIRJ4YKslgUJhwZiWZ/owFTlBg+sQQTxeytiIywwsTYdHI2hK9P0f+kVSp6NqKbSqF+sYwjC0dwDKfgQRXqcAUNaAKBITzAEzw73Hl0XpzXRWvGWc4cwg84b58pmI23</latexit><latexit sha1_base64="sX9QSFdHt4WDyhx09Xo9Ievw2IE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKewm0eQY9OJJIpoHJEuYncwmQ2ZnlplZISz5BC8eFPHqF3nzb5w8BBUtaCiquunuCmLOtHHdDyezsrq2vpHdzG1t7+zu5fcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+HLmt++p0kyKOzOJqR/hoWAhI9hY6fa67/XzBbfoeeVq6QxZcu5WaxVLSpWy1ZBXdOcowBKNfv69N5AkiagwhGOtu54bGz/FyjDC6TTXSzSNMRnjIe1aKnBEtZ/OT52iE6sMUCiVLWHQXP0+keJI60kU2M4Im5H+7c3Ev7xuYsKanzIRJ4YKslgUJhwZiWZ/owFTlBg+sQQTxeytiIywwsTYdHI2hK9P0f+kVSp6NqKbSqF+sYwjC0dwDKfgQRXqcAUNaAKBITzAEzw73Hl0XpzXRWvGWc4cwg84b58pmI23</latexit>

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

Large free-streaming length 

Matter power-spectrum 
suppression

M1 & 2 keV
<latexit sha1_base64="6bHdHyiD5W4uGQUiaOVCyHm2Vng=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZttoui27cCBVsK3SGIZNm2tAkMyQZoQztxl9x40IRt/6FO//G9CGo6IHA4ZxzubknTBhV2nE+rNzS8srqWn69sLG5tb1j7+61VZxKTFo4ZrG8DZEijArS0lQzcptIgnjISCccXkz9zh2RisbiRo8S4nPUFzSiGGkjBfbBVeBCr69NgsMynGSe5HBI2uPALjol163UyqfQkDOnVq8aUq5WjAbdkjNDESzQDOx3rxfjlBOhMUNKdV0n0X6GpKaYkXHBSxVJEB6iPukaKhAnys9mF4zhsVF6MIqleULDmfp9IkNcqREPTZIjPVC/van4l9dNdVT3MyqSVBOB54uilEEdw2kdsEclwZqNDEFYUvNXiAdIIqxNaQVTwtel8H/SLpdcU9F1tdg4X9SRB4fgCJwAF9RAA1yCJmgBDCbgATyBZ+veerRerNd5NGctZvbBD1hvn1vAljQ=</latexit><latexit sha1_base64="6bHdHyiD5W4uGQUiaOVCyHm2Vng=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZttoui27cCBVsK3SGIZNm2tAkMyQZoQztxl9x40IRt/6FO//G9CGo6IHA4ZxzubknTBhV2nE+rNzS8srqWn69sLG5tb1j7+61VZxKTFo4ZrG8DZEijArS0lQzcptIgnjISCccXkz9zh2RisbiRo8S4nPUFzSiGGkjBfbBVeBCr69NgsMynGSe5HBI2uPALjol163UyqfQkDOnVq8aUq5WjAbdkjNDESzQDOx3rxfjlBOhMUNKdV0n0X6GpKaYkXHBSxVJEB6iPukaKhAnys9mF4zhsVF6MIqleULDmfp9IkNcqREPTZIjPVC/van4l9dNdVT3MyqSVBOB54uilEEdw2kdsEclwZqNDEFYUvNXiAdIIqxNaQVTwtel8H/SLpdcU9F1tdg4X9SRB4fgCJwAF9RAA1yCJmgBDCbgATyBZ+veerRerNd5NGctZvbBD1hvn1vAljQ=</latexit><latexit sha1_base64="6bHdHyiD5W4uGQUiaOVCyHm2Vng=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZttoui27cCBVsK3SGIZNm2tAkMyQZoQztxl9x40IRt/6FO//G9CGo6IHA4ZxzubknTBhV2nE+rNzS8srqWn69sLG5tb1j7+61VZxKTFo4ZrG8DZEijArS0lQzcptIgnjISCccXkz9zh2RisbiRo8S4nPUFzSiGGkjBfbBVeBCr69NgsMynGSe5HBI2uPALjol163UyqfQkDOnVq8aUq5WjAbdkjNDESzQDOx3rxfjlBOhMUNKdV0n0X6GpKaYkXHBSxVJEB6iPukaKhAnys9mF4zhsVF6MIqleULDmfp9IkNcqREPTZIjPVC/van4l9dNdVT3MyqSVBOB54uilEEdw2kdsEclwZqNDEFYUvNXiAdIIqxNaQVTwtel8H/SLpdcU9F1tdg4X9SRB4fgCJwAF9RAA1yCJmgBDCbgATyBZ+veerRerNd5NGctZvbBD1hvn1vAljQ=</latexit><latexit sha1_base64="6bHdHyiD5W4uGQUiaOVCyHm2Vng=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZttoui27cCBVsK3SGIZNm2tAkMyQZoQztxl9x40IRt/6FO//G9CGo6IHA4ZxzubknTBhV2nE+rNzS8srqWn69sLG5tb1j7+61VZxKTFo4ZrG8DZEijArS0lQzcptIgnjISCccXkz9zh2RisbiRo8S4nPUFzSiGGkjBfbBVeBCr69NgsMynGSe5HBI2uPALjol163UyqfQkDOnVq8aUq5WjAbdkjNDESzQDOx3rxfjlBOhMUNKdV0n0X6GpKaYkXHBSxVJEB6iPukaKhAnys9mF4zhsVF6MIqleULDmfp9IkNcqREPTZIjPVC/van4l9dNdVT3MyqSVBOB54uilEEdw2kdsEclwZqNDEFYUvNXiAdIIqxNaQVTwtel8H/SLpdcU9F1tdg4X9SRB4fgCJwAF9RAA1yCJmgBDCbgATyBZ+veerRerNd5NGctZvbBD1hvn1vAljQ=</latexit>

arXiv:2004.09511 ddunsky@berkeley.edu

Drews et. al. (2016)

https://arxiv.org/abs/2004.09511
mailto:ddunsky@berkeley.edu?subject=


Signal: 21cm Cosmology

• Future 21-cm cosmology 
experiments can trace 
early star and galaxy 
formation at cosmic 
dawn

• Can probe matter power 
spectrum at smaller 
scales up to          
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M1 ' 14 keV
<latexit sha1_base64="oR9TCzSJRiJH7/6FvAYERetSu5k=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCBwm7yWpyDHrxIkQwD8iGMDvpJENmdteZWSEsAS/+ihcPinj1J7z5N04egooWNBRV3XR3+RFnStv2h5VaWFxaXkmvZtbWNza3sts7dRXGkkKNhjyUTZ8o4CyAmmaaQzOSQITPoeEPzyd+4xakYmFwrUcRtAXpB6zHKNFG6mT3LjsO9hQTcIMdF3vHOPGkwEOojzvZnJ13nGKpcIINObVLZdeQgls0Gnby9hQ5NEe1k333uiGNBQSacqJUy7Ej3U6I1IxyGGe8WEFE6JD0oWVoQASodjL9YYwPjdLFvVCaCjSeqt8nEiKUGgnfdAqiB+q3NxH/8lqx7pXbCQuiWENAZ4t6Mcc6xJNAcJdJoJqPDCFUMnMrpgMiCdUmtowJ4etT/D+pF/KOiejKzVXO5nGk0T46QEfIQSVUQReoimqIojv0gJ7Qs3VvPVov1uusNWXNZ3bRD1hvn4W4li4=</latexit><latexit sha1_base64="oR9TCzSJRiJH7/6FvAYERetSu5k=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCBwm7yWpyDHrxIkQwD8iGMDvpJENmdteZWSEsAS/+ihcPinj1J7z5N04egooWNBRV3XR3+RFnStv2h5VaWFxaXkmvZtbWNza3sts7dRXGkkKNhjyUTZ8o4CyAmmaaQzOSQITPoeEPzyd+4xakYmFwrUcRtAXpB6zHKNFG6mT3LjsO9hQTcIMdF3vHOPGkwEOojzvZnJ13nGKpcIINObVLZdeQgls0Gnby9hQ5NEe1k333uiGNBQSacqJUy7Ej3U6I1IxyGGe8WEFE6JD0oWVoQASodjL9YYwPjdLFvVCaCjSeqt8nEiKUGgnfdAqiB+q3NxH/8lqx7pXbCQuiWENAZ4t6Mcc6xJNAcJdJoJqPDCFUMnMrpgMiCdUmtowJ4etT/D+pF/KOiejKzVXO5nGk0T46QEfIQSVUQReoimqIojv0gJ7Qs3VvPVov1uusNWXNZ3bRD1hvn4W4li4=</latexit><latexit sha1_base64="oR9TCzSJRiJH7/6FvAYERetSu5k=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCBwm7yWpyDHrxIkQwD8iGMDvpJENmdteZWSEsAS/+ihcPinj1J7z5N04egooWNBRV3XR3+RFnStv2h5VaWFxaXkmvZtbWNza3sts7dRXGkkKNhjyUTZ8o4CyAmmaaQzOSQITPoeEPzyd+4xakYmFwrUcRtAXpB6zHKNFG6mT3LjsO9hQTcIMdF3vHOPGkwEOojzvZnJ13nGKpcIINObVLZdeQgls0Gnby9hQ5NEe1k333uiGNBQSacqJUy7Ej3U6I1IxyGGe8WEFE6JD0oWVoQASodjL9YYwPjdLFvVCaCjSeqt8nEiKUGgnfdAqiB+q3NxH/8lqx7pXbCQuiWENAZ4t6Mcc6xJNAcJdJoJqPDCFUMnMrpgMiCdUmtowJ4etT/D+pF/KOiejKzVXO5nGk0T46QEfIQSVUQReoimqIojv0gJ7Qs3VvPVov1uusNWXNZ3bRD1hvn4W4li4=</latexit><latexit sha1_base64="oR9TCzSJRiJH7/6FvAYERetSu5k=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCBwm7yWpyDHrxIkQwD8iGMDvpJENmdteZWSEsAS/+ihcPinj1J7z5N04egooWNBRV3XR3+RFnStv2h5VaWFxaXkmvZtbWNza3sts7dRXGkkKNhjyUTZ8o4CyAmmaaQzOSQITPoeEPzyd+4xakYmFwrUcRtAXpB6zHKNFG6mT3LjsO9hQTcIMdF3vHOPGkwEOojzvZnJ13nGKpcIINObVLZdeQgls0Gnby9hQ5NEe1k333uiGNBQSacqJUy7Ej3U6I1IxyGGe8WEFE6JD0oWVoQASodjL9YYwPjdLFvVCaCjSeqt8nEiKUGgnfdAqiB+q3NxH/8lqx7pXbCQuiWENAZ4t6Mcc6xJNAcJdJoJqPDCFUMnMrpgMiCdUmtowJ4etT/D+pF/KOiejKzVXO5nGk0T46QEfIQSVUQReoimqIojv0gJ7Qs3VvPVov1uusNWXNZ3bRD1hvn4W4li4=</latexit>

arXiv:2004.09511 ddunsky@berkeley.edu

Muoz, Dvorkin, Cyr-Racine (2020)

https://arxiv.org/abs/2004.09511
mailto:ddunsky@berkeley.edu?subject=


• If

•  

Constraint 2:       Decaying after BBN

• The longer       lives, the 
greater dilution it can 
provide                                                          

11

N2
<latexit sha1_base64="a3VCuv3JL3ei9m9UtvX0kAjDnpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgqiRptF0W3biSivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbpw9BRQ9cOJxzL/feEyScKW3bH1ZuZXVtfSO/Wdja3tndK+4ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI91e991+sWSXHadSdc+QIed2teYZ4noVoyGnbM9RgiUa/eJ7bxCTNKJCE46V6jp2ov0MS80Ip9NCL1U0wWSMh7RrqMARVX42P3WKTowyQGEsTQmN5ur3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVIx2j2NxowSYnmE0MwkczcisgIS0y0SadgQvj6FP1PWm7ZMRHdeKX6xTKOPBzBMZyCA1WowxU0oAkEhvAAT/BscevRerFeF605azlzCD9gvX0CKxyNuA==</latexit><latexit sha1_base64="a3VCuv3JL3ei9m9UtvX0kAjDnpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgqiRptF0W3biSivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbpw9BRQ9cOJxzL/feEyScKW3bH1ZuZXVtfSO/Wdja3tndK+4ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI91e991+sWSXHadSdc+QIed2teYZ4noVoyGnbM9RgiUa/eJ7bxCTNKJCE46V6jp2ov0MS80Ip9NCL1U0wWSMh7RrqMARVX42P3WKTowyQGEsTQmN5ur3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVIx2j2NxowSYnmE0MwkczcisgIS0y0SadgQvj6FP1PWm7ZMRHdeKX6xTKOPBzBMZyCA1WowxU0oAkEhvAAT/BscevRerFeF605azlzCD9gvX0CKxyNuA==</latexit><latexit sha1_base64="a3VCuv3JL3ei9m9UtvX0kAjDnpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgqiRptF0W3biSivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbpw9BRQ9cOJxzL/feEyScKW3bH1ZuZXVtfSO/Wdja3tndK+4ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI91e991+sWSXHadSdc+QIed2teYZ4noVoyGnbM9RgiUa/eJ7bxCTNKJCE46V6jp2ov0MS80Ip9NCL1U0wWSMh7RrqMARVX42P3WKTowyQGEsTQmN5ur3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVIx2j2NxowSYnmE0MwkczcisgIS0y0SadgQvj6FP1PWm7ZMRHdeKX6xTKOPBzBMZyCA1WowxU0oAkEhvAAT/BscevRerFeF605azlzCD9gvX0CKxyNuA==</latexit><latexit sha1_base64="a3VCuv3JL3ei9m9UtvX0kAjDnpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgqiRptF0W3biSivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbpw9BRQ9cOJxzL/feEyScKW3bH1ZuZXVtfSO/Wdja3tndK+4ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI91e991+sWSXHadSdc+QIed2teYZ4noVoyGnbM9RgiUa/eJ7bxCTNKJCE46V6jp2ov0MS80Ip9NCL1U0wWSMh7RrqMARVX42P3WKTowyQGEsTQmN5ur3iQxHSk2iwHRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWiMOVIx2j2NxowSYnmE0MwkczcisgIS0y0SadgQvj6FP1PWm7ZMRHdeKX6xTKOPBzBMZyCA1WowxU0oAkEhvAAT/BscevRerFeF605azlzCD9gvX0CKxyNuA==</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

⇢N1

s
=

M1Ytherm

D
⇡ M1

M2
TRH

<latexit sha1_base64="sQL2GGmskuQF9ctuDNypA8FWA20="></latexit><latexit sha1_base64="sQL2GGmskuQF9ctuDNypA8FWA20="></latexit><latexit sha1_base64="sQL2GGmskuQF9ctuDNypA8FWA20="></latexit><latexit sha1_base64="sQL2GGmskuQF9ctuDNypA8FWA20="></latexit>

TRH < TBBN ' 4MeV
<latexit sha1_base64="gAncvU3yIlC02aB/N9PvYK5BhxM="></latexit><latexit sha1_base64="gAncvU3yIlC02aB/N9PvYK5BhxM="></latexit><latexit sha1_base64="gAncvU3yIlC02aB/N9PvYK5BhxM="></latexit><latexit sha1_base64="gAncvU3yIlC02aB/N9PvYK5BhxM="></latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

decays after BBN
arXiv:2004.09511 ddunsky@berkeley.edu

https://arxiv.org/abs/2004.09511
mailto:ddunsky@berkeley.edu?subject=


Constraint 3: Insufficient Dilution

• If       decays too early

12

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

Insufficient dilution

N2
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`

N2

`+

u, `+

d̄, N1

WR

/
X

|y2i|2M2
<latexit sha1_base64="dFocrR2KFQKSC4f+9J3IhlD6YZI=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFclSSttsuiGzdCBfuANobJdNIOnUzCzEQIaRdu/BU3LhRx60e482+cPgQVPTBwOOde7pzjx4xKZVkfxtLyyuraem4jv7m1vbNr7u23ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO2Pzqd++5YISSN+rdKYuCEacBpQjJSWPLPQi0UUqwj2ZBLCceplDp2Mbxx46TmeWbRKtl2uOidQk1OrWqto4lTKWoN2yZqhCBZoeOZ7rx/hJCRcYYak7NpWrNwMCUUxI5N8L5EkRniEBqSrKUchkW42CzGBR1rpwyAS+nEFZ+r3jQyFUqahrydDpIbytzcV//K6iQpqbkZ5nCjC8fxQkDCoQ08bgX0qCFYs1QRhQfVfIR4igbDSveV1CV9J4f+k5ZRsXdFVpVg/W9SRAwVwCI6BDaqgDi5AAzQBBnfgATyBZ+PeeDRejNf56JKx2DkAP2C8fQJNqpfc</latexit><latexit sha1_base64="dFocrR2KFQKSC4f+9J3IhlD6YZI=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFclSSttsuiGzdCBfuANobJdNIOnUzCzEQIaRdu/BU3LhRx60e482+cPgQVPTBwOOde7pzjx4xKZVkfxtLyyuraem4jv7m1vbNr7u23ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO2Pzqd++5YISSN+rdKYuCEacBpQjJSWPLPQi0UUqwj2ZBLCceplDp2Mbxx46TmeWbRKtl2uOidQk1OrWqto4lTKWoN2yZqhCBZoeOZ7rx/hJCRcYYak7NpWrNwMCUUxI5N8L5EkRniEBqSrKUchkW42CzGBR1rpwyAS+nEFZ+r3jQyFUqahrydDpIbytzcV//K6iQpqbkZ5nCjC8fxQkDCoQ08bgX0qCFYs1QRhQfVfIR4igbDSveV1CV9J4f+k5ZRsXdFVpVg/W9SRAwVwCI6BDaqgDi5AAzQBBnfgATyBZ+PeeDRejNf56JKx2DkAP2C8fQJNqpfc</latexit><latexit sha1_base64="dFocrR2KFQKSC4f+9J3IhlD6YZI=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFclSSttsuiGzdCBfuANobJdNIOnUzCzEQIaRdu/BU3LhRx60e482+cPgQVPTBwOOde7pzjx4xKZVkfxtLyyuraem4jv7m1vbNr7u23ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO2Pzqd++5YISSN+rdKYuCEacBpQjJSWPLPQi0UUqwj2ZBLCceplDp2Mbxx46TmeWbRKtl2uOidQk1OrWqto4lTKWoN2yZqhCBZoeOZ7rx/hJCRcYYak7NpWrNwMCUUxI5N8L5EkRniEBqSrKUchkW42CzGBR1rpwyAS+nEFZ+r3jQyFUqahrydDpIbytzcV//K6iQpqbkZ5nCjC8fxQkDCoQ08bgX0qCFYs1QRhQfVfIR4igbDSveV1CV9J4f+k5ZRsXdFVpVg/W9SRAwVwCI6BDaqgDi5AAzQBBnfgATyBZ+PeeDRejNf56JKx2DkAP2C8fQJNqpfc</latexit><latexit sha1_base64="dFocrR2KFQKSC4f+9J3IhlD6YZI=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFclSSttsuiGzdCBfuANobJdNIOnUzCzEQIaRdu/BU3LhRx60e482+cPgQVPTBwOOde7pzjx4xKZVkfxtLyyuraem4jv7m1vbNr7u23ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO2Pzqd++5YISSN+rdKYuCEacBpQjJSWPLPQi0UUqwj2ZBLCceplDp2Mbxx46TmeWbRKtl2uOidQk1OrWqto4lTKWoN2yZqhCBZoeOZ7rx/hJCRcYYak7NpWrNwMCUUxI5N8L5EkRniEBqSrKUchkW42CzGBR1rpwyAS+nEFZ+r3jQyFUqahrydDpIbytzcV//K6iQpqbkZ5nCjC8fxQkDCoQ08bgX0qCFYs1QRhQfVfIR4igbDSveV1CV9J4f+k5ZRsXdFVpVg/W9SRAwVwCI6BDaqgDi5AAzQBBnfgATyBZ+PeeDRejNf56JKx2DkAP2C8fQJNqpfc</latexit>

/ M5
2

v4R
/ v6R

<latexit sha1_base64="yKQB3HJzJuUtBZb2JCWM5mU7U9A="></latexit><latexit sha1_base64="yKQB3HJzJuUtBZb2JCWM5mU7U9A="></latexit><latexit sha1_base64="yKQB3HJzJuUtBZb2JCWM5mU7U9A="></latexit><latexit sha1_base64="yKQB3HJzJuUtBZb2JCWM5mU7U9A="></latexit>

Choose        to get DM abundance 
(white region)

y2i
<latexit sha1_base64="7bpnOvcCS/+4FfGqGSXUCgmoV/g=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgKezGaHIMevEYwTwgWcLsZDYZMzuzzMwKy5J/8OJBEa/+jzf/xslDUNGChqKqm+6uIOZMG9f9cHIrq2vrG/nNwtb2zu5ecf+grWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMrmZ+554qzaS4NWlM/QiPBAsZwcZK7XSQVdh0UCy5Zc87q1XOkSUXbq1etaRSPbMa8sruHCVYojkovveHkiQRFYZwrHXPc2PjZ1gZRjidFvqJpjEmEzyiPUsFjqj2s/m1U3RilSEKpbIlDJqr3ycyHGmdRoHtjLAZ69/eTPzL6yUmrPsZE3FiqCCLRWHCkZFo9joaMkWJ4aklmChmb0VkjBUmxgZUsCF8fYr+J+1K2bMR3VRLjctlHHk4gmM4BQ9q0IBraEILCNzBAzzBsyOdR+fFeV205pzlzCH8gPP2CfdEj2I=</latexit><latexit sha1_base64="7bpnOvcCS/+4FfGqGSXUCgmoV/g=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgKezGaHIMevEYwTwgWcLsZDYZMzuzzMwKy5J/8OJBEa/+jzf/xslDUNGChqKqm+6uIOZMG9f9cHIrq2vrG/nNwtb2zu5ecf+grWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMrmZ+554qzaS4NWlM/QiPBAsZwcZK7XSQVdh0UCy5Zc87q1XOkSUXbq1etaRSPbMa8sruHCVYojkovveHkiQRFYZwrHXPc2PjZ1gZRjidFvqJpjEmEzyiPUsFjqj2s/m1U3RilSEKpbIlDJqr3ycyHGmdRoHtjLAZ69/eTPzL6yUmrPsZE3FiqCCLRWHCkZFo9joaMkWJ4aklmChmb0VkjBUmxgZUsCF8fYr+J+1K2bMR3VRLjctlHHk4gmM4BQ9q0IBraEILCNzBAzzBsyOdR+fFeV205pzlzCH8gPP2CfdEj2I=</latexit><latexit sha1_base64="7bpnOvcCS/+4FfGqGSXUCgmoV/g=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgKezGaHIMevEYwTwgWcLsZDYZMzuzzMwKy5J/8OJBEa/+jzf/xslDUNGChqKqm+6uIOZMG9f9cHIrq2vrG/nNwtb2zu5ecf+grWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMrmZ+554qzaS4NWlM/QiPBAsZwcZK7XSQVdh0UCy5Zc87q1XOkSUXbq1etaRSPbMa8sruHCVYojkovveHkiQRFYZwrHXPc2PjZ1gZRjidFvqJpjEmEzyiPUsFjqj2s/m1U3RilSEKpbIlDJqr3ycyHGmdRoHtjLAZ69/eTPzL6yUmrPsZE3FiqCCLRWHCkZFo9joaMkWJ4aklmChmb0VkjBUmxgZUsCF8fYr+J+1K2bMR3VRLjctlHHk4gmM4BQ9q0IBraEILCNzBAzzBsyOdR+fFeV205pzlzCH8gPP2CfdEj2I=</latexit><latexit sha1_base64="7bpnOvcCS/+4FfGqGSXUCgmoV/g=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgKezGaHIMevEYwTwgWcLsZDYZMzuzzMwKy5J/8OJBEa/+jzf/xslDUNGChqKqm+6uIOZMG9f9cHIrq2vrG/nNwtb2zu5ecf+grWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMrmZ+554qzaS4NWlM/QiPBAsZwcZK7XSQVdh0UCy5Zc87q1XOkSUXbq1etaRSPbMa8sruHCVYojkovveHkiQRFYZwrHXPc2PjZ1gZRjidFvqJpjEmEzyiPUsFjqj2s/m1U3RilSEKpbIlDJqr3ycyHGmdRoHtjLAZ69/eTPzL6yUmrPsZE3FiqCCLRWHCkZFo9joaMkWJ4aklmChmb0VkjBUmxgZUsCF8fYr+J+1K2bMR3VRLjctlHHk4gmM4BQ9q0IBraEILCNzBAzzBsyOdR+fFeV205pzlzCH8gPP2CfdEj2I=</latexit>

Unavoidable decay (blue region)   

1)

2)



Signal: Hot Dark Matter

• Subdominant component 
of       DM produced 
from      beta decay
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N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

N2

`+

u, `+

d̄, N1

WR

• These       become non-
relativistic around eV era, 
and constitute hot DM

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>

arXiv:2004.09511 ddunsky@berkeley.edu

https://arxiv.org/abs/2004.09511
mailto:ddunsky@berkeley.edu?subject=


Summary

• Parameter space of sterile neutrino DM in LR theories bounded

• Prediction of                                          ,

• Interestingly,        compatible with Grand Unification or Higgs 
Parity 

• 21-cm cosmology and CMB telescopes can probe much of 
parameter space

•      can also provide leptogenesis besides diluting (future work)
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2 keV . M1 . 500 keV
<latexit sha1_base64="nQWa6nYlYMVsELqiICA76EGpE44="></latexit><latexit sha1_base64="nQWa6nYlYMVsELqiICA76EGpE44="></latexit><latexit sha1_base64="nQWa6nYlYMVsELqiICA76EGpE44="></latexit><latexit sha1_base64="nQWa6nYlYMVsELqiICA76EGpE44="></latexit>

108 GeV . vR . 1013 GeV
<latexit sha1_base64="YX4MLlibsPYiUbg9RcsDWAQ3iIY="></latexit><latexit sha1_base64="YX4MLlibsPYiUbg9RcsDWAQ3iIY="></latexit><latexit sha1_base64="YX4MLlibsPYiUbg9RcsDWAQ3iIY="></latexit><latexit sha1_base64="YX4MLlibsPYiUbg9RcsDWAQ3iIY="></latexit>

vR
<latexit sha1_base64="b7SwCVSCEh8MMXS+R033GV/tXcw=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIjHxRHYBhSPRi0d8gCSwIbPDLEyYmd3MzJKQDZ/gxYPGePWLvPk3Dg8TNVpJJ5Wq7nR3BTFn2rjuh5NZWV1b38hu5ra2d3b38vsHLR0litAmiXik2gHWlDNJm4YZTtuxolgEnN4Ho8uZfz+mSrNI3plJTH2BB5KFjGBjpdtx76aXL7hFzytXS2fIknO3WqtYUqqUrYa8ojtHAZZo9PLv3X5EEkGlIRxr3fHc2PgpVoYRTqe5bqJpjMkID2jHUokF1X46P3WKTqzSR2GkbEmD5ur3iRQLrScisJ0Cm6H+7c3Ev7xOYsKanzIZJ4ZKslgUJhyZCM3+Rn2mKDF8YgkmitlbERlihYmx6eRsCF+fov9Jq1T0bETXlUL9YhlHFo7gGE7BgyrU4Qoa0AQCA3iAJ3h2uPPovDivi9aMs5w5hB9w3j4BmIyOAA==</latexit><latexit sha1_base64="b7SwCVSCEh8MMXS+R033GV/tXcw=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIjHxRHYBhSPRi0d8gCSwIbPDLEyYmd3MzJKQDZ/gxYPGePWLvPk3Dg8TNVpJJ5Wq7nR3BTFn2rjuh5NZWV1b38hu5ra2d3b38vsHLR0litAmiXik2gHWlDNJm4YZTtuxolgEnN4Ho8uZfz+mSrNI3plJTH2BB5KFjGBjpdtx76aXL7hFzytXS2fIknO3WqtYUqqUrYa8ojtHAZZo9PLv3X5EEkGlIRxr3fHc2PgpVoYRTqe5bqJpjMkID2jHUokF1X46P3WKTqzSR2GkbEmD5ur3iRQLrScisJ0Cm6H+7c3Ev7xOYsKanzIZJ4ZKslgUJhyZCM3+Rn2mKDF8YgkmitlbERlihYmx6eRsCF+fov9Jq1T0bETXlUL9YhlHFo7gGE7BgyrU4Qoa0AQCA3iAJ3h2uPPovDivi9aMs5w5hB9w3j4BmIyOAA==</latexit><latexit sha1_base64="b7SwCVSCEh8MMXS+R033GV/tXcw=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIjHxRHYBhSPRi0d8gCSwIbPDLEyYmd3MzJKQDZ/gxYPGePWLvPk3Dg8TNVpJJ5Wq7nR3BTFn2rjuh5NZWV1b38hu5ra2d3b38vsHLR0litAmiXik2gHWlDNJm4YZTtuxolgEnN4Ho8uZfz+mSrNI3plJTH2BB5KFjGBjpdtx76aXL7hFzytXS2fIknO3WqtYUqqUrYa8ojtHAZZo9PLv3X5EEkGlIRxr3fHc2PgpVoYRTqe5bqJpjMkID2jHUokF1X46P3WKTqzSR2GkbEmD5ur3iRQLrScisJ0Cm6H+7c3Ev7xOYsKanzIZJ4ZKslgUJhyZCM3+Rn2mKDF8YgkmitlbERlihYmx6eRsCF+fov9Jq1T0bETXlUL9YhlHFo7gGE7BgyrU4Qoa0AQCA3iAJ3h2uPPovDivi9aMs5w5hB9w3j4BmIyOAA==</latexit><latexit sha1_base64="b7SwCVSCEh8MMXS+R033GV/tXcw=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIjHxRHYBhSPRi0d8gCSwIbPDLEyYmd3MzJKQDZ/gxYPGePWLvPk3Dg8TNVpJJ5Wq7nR3BTFn2rjuh5NZWV1b38hu5ra2d3b38vsHLR0litAmiXik2gHWlDNJm4YZTtuxolgEnN4Ho8uZfz+mSrNI3plJTH2BB5KFjGBjpdtx76aXL7hFzytXS2fIknO3WqtYUqqUrYa8ojtHAZZo9PLv3X5EEkGlIRxr3fHc2PgpVoYRTqe5bqJpjMkID2jHUokF1X46P3WKTqzSR2GkbEmD5ur3iRQLrScisJ0Cm6H+7c3Ev7xOYsKanzIZJ4ZKslgUJhyZCM3+Rn2mKDF8YgkmitlbERlihYmx6eRsCF+fov9Jq1T0bETXlUL9YhlHFo7gGE7BgyrU4Qoa0AQCA3iAJ3h2uPPovDivi9aMs5w5hB9w3j4BmIyOAA==</latexit>

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

arXiv:2004.09511 ddunsky@berkeley.edu

Rizzo, Senjanovic (1982), Siringo (2013), Hall, Harigaya (2018)

https://arxiv.org/abs/2004.09511
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Signal: Leptogenesis

•       can not only dilute      , 
but its decays can produce 
the baryon asymmetry via 
leptogenesis  

• Leptogenesis suppressed 
when                 by 
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YB ⇡ ✏Y2
<latexit sha1_base64="Of0Edb6150KOTzAZ2vGfh4swxYw=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZWvvYlbpxWcE+pC1DJk3b0EwSkoxYSt34K25cKOLWv3Dn35g+BBU9cOFwzr3ce08oGdXG8z6cxNLyyupacj21sbm1vePu7tW1iBUmNSyYUM0QacIoJzVDDSNNqQiKQkYa4fB86jduiNJU8CszkqQToT6nPYqRsVLgHlwHFdhGUipxC9tEasoEh9dBNnDTXsbP5wpeHnqZrO8X8mdTUip6pyXoZ7wZ0mCBauC+t7sCxxHhBjOkdcv3pOmMkTIUMzJJtWNNJMJD1CctSzmKiO6MZx9M4LFVurAnlC1u4Ez9PjFGkdajKLSdETID/dubin95rdj0ip0x5TI2hOP5ol7MoBFwGgfsUkWwYSNLEFbU3grxACmEjQ0tZUP4+hT+T+rZjG+zusyly5VFHElwCI7ACfBBAZTBBaiCGsDgDjyAJ/Ds3DuPzovzOm9NOIuZffADztsnyJqWeA==</latexit><latexit sha1_base64="Of0Edb6150KOTzAZ2vGfh4swxYw=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZWvvYlbpxWcE+pC1DJk3b0EwSkoxYSt34K25cKOLWv3Dn35g+BBU9cOFwzr3ce08oGdXG8z6cxNLyyupacj21sbm1vePu7tW1iBUmNSyYUM0QacIoJzVDDSNNqQiKQkYa4fB86jduiNJU8CszkqQToT6nPYqRsVLgHlwHFdhGUipxC9tEasoEh9dBNnDTXsbP5wpeHnqZrO8X8mdTUip6pyXoZ7wZ0mCBauC+t7sCxxHhBjOkdcv3pOmMkTIUMzJJtWNNJMJD1CctSzmKiO6MZx9M4LFVurAnlC1u4Ez9PjFGkdajKLSdETID/dubin95rdj0ip0x5TI2hOP5ol7MoBFwGgfsUkWwYSNLEFbU3grxACmEjQ0tZUP4+hT+T+rZjG+zusyly5VFHElwCI7ACfBBAZTBBaiCGsDgDjyAJ/Ds3DuPzovzOm9NOIuZffADztsnyJqWeA==</latexit><latexit sha1_base64="Of0Edb6150KOTzAZ2vGfh4swxYw=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZWvvYlbpxWcE+pC1DJk3b0EwSkoxYSt34K25cKOLWv3Dn35g+BBU9cOFwzr3ce08oGdXG8z6cxNLyyupacj21sbm1vePu7tW1iBUmNSyYUM0QacIoJzVDDSNNqQiKQkYa4fB86jduiNJU8CszkqQToT6nPYqRsVLgHlwHFdhGUipxC9tEasoEh9dBNnDTXsbP5wpeHnqZrO8X8mdTUip6pyXoZ7wZ0mCBauC+t7sCxxHhBjOkdcv3pOmMkTIUMzJJtWNNJMJD1CctSzmKiO6MZx9M4LFVurAnlC1u4Ez9PjFGkdajKLSdETID/dubin95rdj0ip0x5TI2hOP5ol7MoBFwGgfsUkWwYSNLEFbU3grxACmEjQ0tZUP4+hT+T+rZjG+zusyly5VFHElwCI7ACfBBAZTBBaiCGsDgDjyAJ/Ds3DuPzovzOm9NOIuZffADztsnyJqWeA==</latexit><latexit sha1_base64="Of0Edb6150KOTzAZ2vGfh4swxYw=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWZWvvYlbpxWcE+pC1DJk3b0EwSkoxYSt34K25cKOLWv3Dn35g+BBU9cOFwzr3ce08oGdXG8z6cxNLyyupacj21sbm1vePu7tW1iBUmNSyYUM0QacIoJzVDDSNNqQiKQkYa4fB86jduiNJU8CszkqQToT6nPYqRsVLgHlwHFdhGUipxC9tEasoEh9dBNnDTXsbP5wpeHnqZrO8X8mdTUip6pyXoZ7wZ0mCBauC+t7sCxxHhBjOkdcv3pOmMkTIUMzJJtWNNJMJD1CctSzmKiO6MZx9M4LFVurAnlC1u4Ez9PjFGkdajKLSdETID/dubin95rdj0ip0x5TI2hOP5ol7MoBFwGgfsUkWwYSNLEFbU3grxACmEjQ0tZUP4+hT+T+rZjG+zusyly5VFHElwCI7ACfBBAZTBBaiCGsDgDjyAJ/Ds3DuPzovzOm9NOIuZffADztsnyJqWeA==</latexit>

TRH < v
<latexit sha1_base64="raTgU7ezNT3WZVNptZJrNtciX7E=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6bWPsBF0U2XVfqCdiyZNG1Dk5khyVTK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe44WcKY3Qh7Wyura+sZnaSm/v7O7tZw4OmyqIJKENEvBAtj2sKGc+bWimOW2HkmLhcdryxteJ35pQqVjg1/U0pK7AQ58NGMHaSHf1XtyVAt5WZ/ASTnqZLLKdQr6IChDZOccpFi4SUi6h8zJ0bDRHFixR62Xeu/2ARIL6mnCsVMdBoXZjLDUjnM7S3UjREJMxHtKOoT4WVLnx/OoZPDVKHw4CacrXcK5+n4ixUGoqPNMpsB6p314i/uV1Ij0ouTHzw0hTnywWDSIOdQCTCGCfSUo0nxqCiWTmVkhGWGKiTVBpE8LXp/B/0szZjsnqJp+tXC3jSIFjcALOgAOKoAKqoAYagAAJHsATeLburUfrxXpdtK5Yy5kj8APW2yeNkZHl</latexit><latexit sha1_base64="raTgU7ezNT3WZVNptZJrNtciX7E=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6bWPsBF0U2XVfqCdiyZNG1Dk5khyVTK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe44WcKY3Qh7Wyura+sZnaSm/v7O7tZw4OmyqIJKENEvBAtj2sKGc+bWimOW2HkmLhcdryxteJ35pQqVjg1/U0pK7AQ58NGMHaSHf1XtyVAt5WZ/ASTnqZLLKdQr6IChDZOccpFi4SUi6h8zJ0bDRHFixR62Xeu/2ARIL6mnCsVMdBoXZjLDUjnM7S3UjREJMxHtKOoT4WVLnx/OoZPDVKHw4CacrXcK5+n4ixUGoqPNMpsB6p314i/uV1Ij0ouTHzw0hTnywWDSIOdQCTCGCfSUo0nxqCiWTmVkhGWGKiTVBpE8LXp/B/0szZjsnqJp+tXC3jSIFjcALOgAOKoAKqoAYagAAJHsATeLburUfrxXpdtK5Yy5kj8APW2yeNkZHl</latexit><latexit sha1_base64="raTgU7ezNT3WZVNptZJrNtciX7E=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6bWPsBF0U2XVfqCdiyZNG1Dk5khyVTK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe44WcKY3Qh7Wyura+sZnaSm/v7O7tZw4OmyqIJKENEvBAtj2sKGc+bWimOW2HkmLhcdryxteJ35pQqVjg1/U0pK7AQ58NGMHaSHf1XtyVAt5WZ/ASTnqZLLKdQr6IChDZOccpFi4SUi6h8zJ0bDRHFixR62Xeu/2ARIL6mnCsVMdBoXZjLDUjnM7S3UjREJMxHtKOoT4WVLnx/OoZPDVKHw4CacrXcK5+n4ixUGoqPNMpsB6p314i/uV1Ij0ouTHzw0hTnywWDSIOdQCTCGCfSUo0nxqCiWTmVkhGWGKiTVBpE8LXp/B/0szZjsnqJp+tXC3jSIFjcALOgAOKoAKqoAYagAAJHsATeLburUfrxXpdtK5Yy5kj8APW2yeNkZHl</latexit><latexit sha1_base64="raTgU7ezNT3WZVNptZJrNtciX7E=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6bWPsBF0U2XVfqCdiyZNG1Dk5khyVTK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe44WcKY3Qh7Wyura+sZnaSm/v7O7tZw4OmyqIJKENEvBAtj2sKGc+bWimOW2HkmLhcdryxteJ35pQqVjg1/U0pK7AQ58NGMHaSHf1XtyVAt5WZ/ASTnqZLLKdQr6IChDZOccpFi4SUi6h8zJ0bDRHFixR62Xeu/2ARIL6mnCsVMdBoXZjLDUjnM7S3UjREJMxHtKOoT4WVLnx/OoZPDVKHw4CacrXcK5+n4ixUGoqPNMpsB6p314i/uV1Ij0ouTHzw0hTnywWDSIOdQCTCGCfSUo0nxqCiWTmVkhGWGKiTVBpE8LXp/B/0szZjsnqJp+tXC3jSIFjcALOgAOKoAKqoAYagAAJHsATeLburUfrxXpdtK5Yy5kj8APW2yeNkZHl</latexit>

• Taking conservative             
dashed line shows region where  

(TRH/v)
2

<latexit sha1_base64="41yiV5aI+clRWtPVAiEvNJSSU28="></latexit><latexit sha1_base64="41yiV5aI+clRWtPVAiEvNJSSU28="></latexit><latexit sha1_base64="41yiV5aI+clRWtPVAiEvNJSSU28="></latexit><latexit sha1_base64="41yiV5aI+clRWtPVAiEvNJSSU28="></latexit>

✏ = 1
<latexit sha1_base64="Vex9FDbb+i4bT2u3H8qzUxz6zSI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1JrHwuh6MZlBfuAzlAyaaYNzWSGJCOU0t9w40IRt/6MO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxteZ37lnSvNY3plJwvyIDCUPOSXGSp7HEs1FLOElxP1CEbm4Uq6iCkRuCeNq5SIj9Ro6r0PsojmKYIlmv/DuDWKaRkwaKojWPYwS40+JMpwKNst7qWYJoWMyZD1LJYmY9qfzm2fw1CoDGMbKljRwrn6fmJJI60kU2M6ImJH+7WXiX14vNWHNn3KZpIZJulgUpgKaGGYBwAFXjBoxsYRQxe2tkI6IItTYmPI2hK9P4f+kXXKxzeq2XGxcLePIgWNwAs4ABlXQADegCVqAggQ8gCfw7KTOo/PivC5aV5zlzBH4AeftE2XjkUM=</latexit><latexit sha1_base64="Vex9FDbb+i4bT2u3H8qzUxz6zSI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1JrHwuh6MZlBfuAzlAyaaYNzWSGJCOU0t9w40IRt/6MO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxteZ37lnSvNY3plJwvyIDCUPOSXGSp7HEs1FLOElxP1CEbm4Uq6iCkRuCeNq5SIj9Ro6r0PsojmKYIlmv/DuDWKaRkwaKojWPYwS40+JMpwKNst7qWYJoWMyZD1LJYmY9qfzm2fw1CoDGMbKljRwrn6fmJJI60kU2M6ImJH+7WXiX14vNWHNn3KZpIZJulgUpgKaGGYBwAFXjBoxsYRQxe2tkI6IItTYmPI2hK9P4f+kXXKxzeq2XGxcLePIgWNwAs4ABlXQADegCVqAggQ8gCfw7KTOo/PivC5aV5zlzBH4AeftE2XjkUM=</latexit><latexit sha1_base64="Vex9FDbb+i4bT2u3H8qzUxz6zSI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1JrHwuh6MZlBfuAzlAyaaYNzWSGJCOU0t9w40IRt/6MO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxteZ37lnSvNY3plJwvyIDCUPOSXGSp7HEs1FLOElxP1CEbm4Uq6iCkRuCeNq5SIj9Ro6r0PsojmKYIlmv/DuDWKaRkwaKojWPYwS40+JMpwKNst7qWYJoWMyZD1LJYmY9qfzm2fw1CoDGMbKljRwrn6fmJJI60kU2M6ImJH+7WXiX14vNWHNn3KZpIZJulgUpgKaGGYBwAFXjBoxsYRQxe2tkI6IItTYmPI2hK9P4f+kXXKxzeq2XGxcLePIgWNwAs4ABlXQADegCVqAggQ8gCfw7KTOo/PivC5aV5zlzBH4AeftE2XjkUM=</latexit><latexit sha1_base64="Vex9FDbb+i4bT2u3H8qzUxz6zSI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ1JrHwuh6MZlBfuAzlAyaaYNzWSGJCOU0t9w40IRt/6MO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxteZ37lnSvNY3plJwvyIDCUPOSXGSp7HEs1FLOElxP1CEbm4Uq6iCkRuCeNq5SIj9Ro6r0PsojmKYIlmv/DuDWKaRkwaKojWPYwS40+JMpwKNst7qWYJoWMyZD1LJYmY9qfzm2fw1CoDGMbKljRwrn6fmJJI60kU2M6ImJH+7WXiX14vNWHNn3KZpIZJulgUpgKaGGYBwAFXjBoxsYRQxe2tkI6IItTYmPI2hK9P4f+kXXKxzeq2XGxcLePIgWNwAs4ABlXQADegCVqAggQ8gCfw7KTOo/PivC5aV5zlzBH4AeftE2XjkUM=</latexit>

YB & 8⇥ 10�11
<latexit sha1_base64="JKMtnX1a6LyQzjcJFBwZHOVFBO4=">AAACBnicdVDLSgMxFM34rPVVdSlCsAhuLInWPnZFNy4VrK10asmkaRvMPEjuCGXoyo2/4saFIm79Bnf+jZlaQUUPBA7nnMvNPV6kpAFC3p2p6ZnZufnMQnZxaXllNbe2fmHCWHNR56EKddNjRigZiDpIUKIZacF8T4mGd32c+o0boY0Mg3MYRqLts34ge5IzsFInt3XZOcJuH2zCxxXsgvSFwZRcJXuUjjq5PCnQUrFMSpgU9iktlw5TUq2QgyqmBTJGHk1w2sm9ud2Qx74IgCtmTIuSCNoJ0yC5EqOsGxsRMX7N+qJlacDstnYyPmOEd6zSxb1Q2xcAHqvfJxLmGzP0PZv0GQzMby8V//JaMfQq7UQGUQwi4J+LerHCEOK0E9yVWnBQQ0sY19L+FfMB04yDbS5rS/i6FP9PLvYL1HZ1VszXjiZ1ZNAm2ka7iKIyqqETdIrqiKNbdI8e0ZNz5zw4z87LZ3TKmcxsoB9wXj8A7weXgg==</latexit><latexit sha1_base64="JKMtnX1a6LyQzjcJFBwZHOVFBO4=">AAACBnicdVDLSgMxFM34rPVVdSlCsAhuLInWPnZFNy4VrK10asmkaRvMPEjuCGXoyo2/4saFIm79Bnf+jZlaQUUPBA7nnMvNPV6kpAFC3p2p6ZnZufnMQnZxaXllNbe2fmHCWHNR56EKddNjRigZiDpIUKIZacF8T4mGd32c+o0boY0Mg3MYRqLts34ge5IzsFInt3XZOcJuH2zCxxXsgvSFwZRcJXuUjjq5PCnQUrFMSpgU9iktlw5TUq2QgyqmBTJGHk1w2sm9ud2Qx74IgCtmTIuSCNoJ0yC5EqOsGxsRMX7N+qJlacDstnYyPmOEd6zSxb1Q2xcAHqvfJxLmGzP0PZv0GQzMby8V//JaMfQq7UQGUQwi4J+LerHCEOK0E9yVWnBQQ0sY19L+FfMB04yDbS5rS/i6FP9PLvYL1HZ1VszXjiZ1ZNAm2ka7iKIyqqETdIrqiKNbdI8e0ZNz5zw4z87LZ3TKmcxsoB9wXj8A7weXgg==</latexit><latexit sha1_base64="JKMtnX1a6LyQzjcJFBwZHOVFBO4=">AAACBnicdVDLSgMxFM34rPVVdSlCsAhuLInWPnZFNy4VrK10asmkaRvMPEjuCGXoyo2/4saFIm79Bnf+jZlaQUUPBA7nnMvNPV6kpAFC3p2p6ZnZufnMQnZxaXllNbe2fmHCWHNR56EKddNjRigZiDpIUKIZacF8T4mGd32c+o0boY0Mg3MYRqLts34ge5IzsFInt3XZOcJuH2zCxxXsgvSFwZRcJXuUjjq5PCnQUrFMSpgU9iktlw5TUq2QgyqmBTJGHk1w2sm9ud2Qx74IgCtmTIuSCNoJ0yC5EqOsGxsRMX7N+qJlacDstnYyPmOEd6zSxb1Q2xcAHqvfJxLmGzP0PZv0GQzMby8V//JaMfQq7UQGUQwi4J+LerHCEOK0E9yVWnBQQ0sY19L+FfMB04yDbS5rS/i6FP9PLvYL1HZ1VszXjiZ1ZNAm2ka7iKIyqqETdIrqiKNbdI8e0ZNz5zw4z87LZ3TKmcxsoB9wXj8A7weXgg==</latexit><latexit sha1_base64="JKMtnX1a6LyQzjcJFBwZHOVFBO4=">AAACBnicdVDLSgMxFM34rPVVdSlCsAhuLInWPnZFNy4VrK10asmkaRvMPEjuCGXoyo2/4saFIm79Bnf+jZlaQUUPBA7nnMvNPV6kpAFC3p2p6ZnZufnMQnZxaXllNbe2fmHCWHNR56EKddNjRigZiDpIUKIZacF8T4mGd32c+o0boY0Mg3MYRqLts34ge5IzsFInt3XZOcJuH2zCxxXsgvSFwZRcJXuUjjq5PCnQUrFMSpgU9iktlw5TUq2QgyqmBTJGHk1w2sm9ud2Qx74IgCtmTIuSCNoJ0yC5EqOsGxsRMX7N+qJlacDstnYyPmOEd6zSxb1Q2xcAHqvfJxLmGzP0PZv0GQzMby8V//JaMfQq7UQGUQwi4J+LerHCEOK0E9yVWnBQQ0sY19L+FfMB04yDbS5rS/i6FP9PLvYL1HZ1VszXjiZ1ZNAm2ka7iKIyqqETdIrqiKNbdI8e0ZNz5zw4z87LZ3TKmcxsoB9wXj8A7weXgg==</latexit>

• Explore in upcoming paper

N2
<latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit><latexit sha1_base64="4w8+NDxjHAoT9niEGJ0VbEASx9I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF09S0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8NJME/YgOJQ85o8ZKD3f9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5JWreq5Ve/+olK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/NKY13</latexit>

N1
<latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit><latexit sha1_base64="naF4UzzIs4RK9tneWoqAMG+v43o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09S0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve/+slK/zuMowgmcwjl4UIM63EIDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfLpY12</latexit>



Freeze-In
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Compatibility with GUTs and HP
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Effective Lagrangian below 

• Conventional LR

18

vR
<latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="z/eDLCb566dYLgpVTZrd6qBGsXc=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZH31AO5RMetuGZjJDcqdQhv4ENy4U8V+589+YPhbaeiDwcU5C7j1RqqQl3//2ClvbO7t7xf3SQfnw6LhyUm7aJDMCGyJRiWlH3KKSGhskSWE7NcjjSGErGt/N89YEjZWJfqZpimHMh1oOpODkrKdJ77FXqfo1fyG2CcEKqrBSvVf56vYTkcWoSShubSfwUwpzbkgKhbNSN7OYcjHmQ+w41DxGG+aLUWfswjl9NkiMO5rYwv39IuextdM4cjdjTiO7ns3N/7JORoObMJc6zQi1WH40yBSjhM33Zn1pUJCaOuDCSDcrEyNuuCDXTsmVEKyvvAnNq1rg14IHH4pwBudwCQFcwy3cQx0aIGAIL/AG757yXr2PZV0Fb9XbKfyR9/kDHf2Mag==</latexit><latexit sha1_base64="kVJtqUgoaVYNFX6jN2baEX4WgCI=">AAAB33icdZBLSwMxFIXv1FetVatbN0ERXA2Zqn3sBDcu66MPaIeSSTNtaCYzJJlCKf0Jblwo4r9y578x01ZQ0QOBwzkJufcLEsG1wfjDya2tb2xu5bcLO8Xdvf3SQbGl41RR1qSxiFUnIJoJLlnTcCNYJ1GMRIFg7WB8nfXtCVOax/LBTBPmR2QoecgpMTa6n/Tv+qUT7HqViyquIOyWPa9aucxMvYbP68hz8UInsFKjX3rvDWKaRkwaKojWXQ8nxp8RZTgVbF7opZolhI7JkHWtlSRi2p8tRp2jU5sMUBgre6RBi/T7ixmJtJ5Ggb0ZETPSv7ss/Kvrpias+TMuk9QwSZcfhalAJkbZ3mjAFaNGTK0hVHE7K6Ijogg1lk7BQvjaFP1vWmXXs6xuMeThCI7hDDyowhXcQAOaQGEIj/AML45wnpzXJa6cs+J2CD/kvH0CicSMtw==</latexit><latexit sha1_base64="asPP1fX5az0QyiUoG0YwEBl6C4s=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnqiZrkFvXiMSxZIhtDT6Uma9Cx09wRCyCd48aCIV7/Im39jTxJBRR8UPN6roqqeFwuuNMYfVmZldW19I7uZ29re2d3L7x80VZRIyho0EpFse0QxwUPW0FwL1o4lI4EnWMsbXaV+a8yk4lF4rycxcwMyCLnPKdFGuhv3bnv5Arad0nkZlxC2i45TLl2kpFrBZ1Xk2HiOAixR7+Xfu/2IJgELNRVEqY6DY+1OidScCjbLdRPFYkJHZMA6hoYkYMqdzk+doROj9JEfSVOhRnP1+8SUBEpNAs90BkQP1W8vFf/yOon2K+6Uh3GiWUgXi/xEIB2h9G/U55JRLSaGECq5uRXRIZGEapNOzoTw9Sn6nzSLtmOyusGF2uUyjiwcwTGcggNlqME11KEBFAbwAE/wbAnr0XqxXhetGWs5cwg/YL19Aqh+jgg=</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit><latexit sha1_base64="XdT6gqj1GuKPJUuQjm6n0vSxBdM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw0yMWW5BLx7jkgWSIfR0OkmTnp6huycQhnyCFw+KePWLvPk39iQRVPRBweO9Kqrq+RFnSjvOh7Wyura+sZnZym7v7O7t5w4OmyqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep35pQqVgo7vU0ol6Ah4INGMHaSHeT3m0vl3dst1QsOyXk2AXXLZcuUlKtOOdV5NrOHHlYot7LvXf7IYkDKjThWKmO60TaS7DUjHA6y3ZjRSNMxnhIO4YKHFDlJfNTZ+jUKH00CKUpodFc/T6R4ECpaeCbzgDrkfrtpeJfXifWg4qXMBHFmgqyWDSIOdIhSv9GfSYp0XxqCCaSmVsRGWGJiTbpZE0IX5+i/0mzYLsmq5tivna5jCMDx3ACZ+BCGWpwDXVoAIEhPMATPFvcerRerNdF64q1nDmCH7DePgGpvo4M</latexit>

�LLR � yij (`i ¯̀j)�+ y0ij(`i `j)�L + y0(⇤)ij (¯̀i ¯̀j)�R + h.c.
<latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="T2i3rWeO051xjFXSvJ1pqrCzY+U="></latexit><latexit sha1_base64="R+VCHmYjWm4D6BP7RXNeLS8fDw4="></latexit><latexit sha1_base64="qPjfL/Xlsdxt13QXsiqZ6OM9RjM="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit><latexit sha1_base64="hhaO/9z1b6NlB36XyE/D+1SV5z0="></latexit>

• Integrating out        via                            leads to            term�L
<latexit sha1_base64="ZbrSOr1yZa74ZT7OvWmjQ28yEvI=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx5nEL6sGDhwjmAckSZiezyZDZ2XVmVgghP+HFgyJe/R1v/o2zSQQVLWgoqrrp7vJjzpR2nA9raXlldW09s5Hd3Nre2c3t7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y8uUr91T6VikbjV45h6IR4IFjCCtZHa3UvKNe5d93J5x3ZLxbJTQo5dcN1y6Swl1YpzWkWu7cyQhwXqvdx7tx+RJKRCE46V6rhOrL0JlpoRTqfZbqJojMkID2jHUIFDqrzJ7N4pOjZKHwWRNCU0mqnfJyY4VGoc+qYzxHqofnup+JfXSXRQ8SZMxImmgswXBQlHOkLp86jPJCWajw3BRDJzKyJDLDHRJqKsCeHrU/Q/aRZs12R1U8zXzhdxZOAQjuAEXChDDa6gDg0gwOEBnuDZurMerRfrdd66ZC1mDuAHrLdPIbWQCA==</latexit><latexit sha1_base64="ZbrSOr1yZa74ZT7OvWmjQ28yEvI=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx5nEL6sGDhwjmAckSZiezyZDZ2XVmVgghP+HFgyJe/R1v/o2zSQQVLWgoqrrp7vJjzpR2nA9raXlldW09s5Hd3Nre2c3t7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y8uUr91T6VikbjV45h6IR4IFjCCtZHa3UvKNe5d93J5x3ZLxbJTQo5dcN1y6Swl1YpzWkWu7cyQhwXqvdx7tx+RJKRCE46V6rhOrL0JlpoRTqfZbqJojMkID2jHUIFDqrzJ7N4pOjZKHwWRNCU0mqnfJyY4VGoc+qYzxHqofnup+JfXSXRQ8SZMxImmgswXBQlHOkLp86jPJCWajw3BRDJzKyJDLDHRJqKsCeHrU/Q/aRZs12R1U8zXzhdxZOAQjuAEXChDDa6gDg0gwOEBnuDZurMerRfrdd66ZC1mDuAHrLdPIbWQCA==</latexit><latexit sha1_base64="ZbrSOr1yZa74ZT7OvWmjQ28yEvI=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx5nEL6sGDhwjmAckSZiezyZDZ2XVmVgghP+HFgyJe/R1v/o2zSQQVLWgoqrrp7vJjzpR2nA9raXlldW09s5Hd3Nre2c3t7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y8uUr91T6VikbjV45h6IR4IFjCCtZHa3UvKNe5d93J5x3ZLxbJTQo5dcN1y6Swl1YpzWkWu7cyQhwXqvdx7tx+RJKRCE46V6rhOrL0JlpoRTqfZbqJojMkID2jHUIFDqrzJ7N4pOjZKHwWRNCU0mqnfJyY4VGoc+qYzxHqofnup+JfXSXRQ8SZMxImmgswXBQlHOkLp86jPJCWajw3BRDJzKyJDLDHRJqKsCeHrU/Q/aRZs12R1U8zXzhdxZOAQjuAEXChDDa6gDg0gwOEBnuDZurMerRfrdd66ZC1mDuAHrLdPIbWQCA==</latexit><latexit sha1_base64="ZbrSOr1yZa74ZT7OvWmjQ28yEvI=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx5nEL6sGDhwjmAckSZiezyZDZ2XVmVgghP+HFgyJe/R1v/o2zSQQVLWgoqrrp7vJjzpR2nA9raXlldW09s5Hd3Nre2c3t7TdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y8uUr91T6VikbjV45h6IR4IFjCCtZHa3UvKNe5d93J5x3ZLxbJTQo5dcN1y6Swl1YpzWkWu7cyQhwXqvdx7tx+RJKRCE46V6rhOrL0JlpoRTqfZbqJojMkID2jHUIFDqrzJ7N4pOjZKHwWRNCU0mqnfJyY4VGoc+qYzxHqofnup+JfXSXRQ8SZMxImmgswXBQlHOkLp86jPJCWajw3BRDJzKyJDLDHRJqKsCeHrU/Q/aRZs12R1U8zXzhdxZOAQjuAEXChDDa6gDg0gwOEBnuDZurMerRfrdd66ZC1mDuAHrLdPIbWQCA==</latexit>

�LR �L�R�
†�

<latexit sha1_base64="BF7LvmcPoWQtfVfjwcNmQ8V5DZs="></latexit><latexit sha1_base64="BF7LvmcPoWQtfVfjwcNmQ8V5DZs="></latexit><latexit sha1_base64="BF7LvmcPoWQtfVfjwcNmQ8V5DZs="></latexit><latexit sha1_base64="BF7LvmcPoWQtfVfjwcNmQ8V5DZs="></latexit>

``H2
<latexit sha1_base64="ZxWyrhnt7hGgnmh9EPd8xzcbbgk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK19rEruumygn1AO5ZMmrahmcyYZApl6He4caGIWz/GnX9jZlpBRQ/cy+Gce8nN8ULOlEbow8qsrW9sbmW3czu7e/sH+cOjtgoiSWiLBDyQXQ8rypmgLc00p91QUux7nHa86XXid2ZUKhaIWz0PqevjsWAjRrA2ktunnMO0Ne6Kg3wB2U65VEFliOyi41TKlwmpVdFFDTo2SlEAKzQH+ff+MCCRT4UmHCvVc1Co3RhLzQini1w/UjTEZIrHtGeowD5VbpwevYBnRhnCUSBNCQ1T9ftGjH2l5r5nJn2sJ+q3l4h/eb1Ij6puzEQYaSrI8qFRxKEOYJIAHDJJieZzQzCRzNwKyQRLTLTJKWdC+Pop/J+0i7ZjsropFepXqziy4AScgnPggAqogwZoghYg4B48gCfwbM2sR+vFel2OZqzVzjH4AevtE/bqkZM=</latexit><latexit sha1_base64="ZxWyrhnt7hGgnmh9EPd8xzcbbgk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK19rEruumygn1AO5ZMmrahmcyYZApl6He4caGIWz/GnX9jZlpBRQ/cy+Gce8nN8ULOlEbow8qsrW9sbmW3czu7e/sH+cOjtgoiSWiLBDyQXQ8rypmgLc00p91QUux7nHa86XXid2ZUKhaIWz0PqevjsWAjRrA2ktunnMO0Ne6Kg3wB2U65VEFliOyi41TKlwmpVdFFDTo2SlEAKzQH+ff+MCCRT4UmHCvVc1Co3RhLzQini1w/UjTEZIrHtGeowD5VbpwevYBnRhnCUSBNCQ1T9ftGjH2l5r5nJn2sJ+q3l4h/eb1Ij6puzEQYaSrI8qFRxKEOYJIAHDJJieZzQzCRzNwKyQRLTLTJKWdC+Pop/J+0i7ZjsropFepXqziy4AScgnPggAqogwZoghYg4B48gCfwbM2sR+vFel2OZqzVzjH4AevtE/bqkZM=</latexit><latexit sha1_base64="ZxWyrhnt7hGgnmh9EPd8xzcbbgk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK19rEruumygn1AO5ZMmrahmcyYZApl6He4caGIWz/GnX9jZlpBRQ/cy+Gce8nN8ULOlEbow8qsrW9sbmW3czu7e/sH+cOjtgoiSWiLBDyQXQ8rypmgLc00p91QUux7nHa86XXid2ZUKhaIWz0PqevjsWAjRrA2ktunnMO0Ne6Kg3wB2U65VEFliOyi41TKlwmpVdFFDTo2SlEAKzQH+ff+MCCRT4UmHCvVc1Co3RhLzQini1w/UjTEZIrHtGeowD5VbpwevYBnRhnCUSBNCQ1T9ftGjH2l5r5nJn2sJ+q3l4h/eb1Ij6puzEQYaSrI8qFRxKEOYJIAHDJJieZzQzCRzNwKyQRLTLTJKWdC+Pop/J+0i7ZjsropFepXqziy4AScgnPggAqogwZoghYg4B48gCfwbM2sR+vFel2OZqzVzjH4AevtE/bqkZM=</latexit><latexit sha1_base64="ZxWyrhnt7hGgnmh9EPd8xzcbbgk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK19rEruumygn1AO5ZMmrahmcyYZApl6He4caGIWz/GnX9jZlpBRQ/cy+Gce8nN8ULOlEbow8qsrW9sbmW3czu7e/sH+cOjtgoiSWiLBDyQXQ8rypmgLc00p91QUux7nHa86XXid2ZUKhaIWz0PqevjsWAjRrA2ktunnMO0Ne6Kg3wB2U65VEFliOyi41TKlwmpVdFFDTo2SlEAKzQH+ff+MCCRT4UmHCvVc1Co3RhLzQini1w/UjTEZIrHtGeowD5VbpwevYBnRhnCUSBNCQ1T9ftGjH2l5r5nJn2sJ+q3l4h/eb1Ij6puzEQYaSrI8qFRxKEOYJIAHDJJieZzQzCRzNwKyQRLTLTJKWdC+Pop/J+0i7ZjsropFepXqziy4AScgnPggAqogwZoghYg4B48gCfwbM2sR+vFel2OZqzVzjH4AevtE/bqkZM=</latexit>

• Two Higgs doublet LR

�LLR � fij
1

⇤
(`i ¯̀j)HLHR + f 0

ij
1

⇤
(`i `j)H

2
L + f

0(⇤)
ij

1

⇤
(¯̀i ¯̀j)H

2
R + h.c.

<latexit sha1_base64="LDpIEemQD2IA+2zLs0rDwsRu1qU="></latexit><latexit sha1_base64="LDpIEemQD2IA+2zLs0rDwsRu1qU="></latexit><latexit sha1_base64="LDpIEemQD2IA+2zLs0rDwsRu1qU="></latexit><latexit sha1_base64="LDpIEemQD2IA+2zLs0rDwsRu1qU="></latexit>


