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a model of dark sector

scalar 
messengers

SM fermion

dark fermion dark fermion

SM singlets 
(dark matter candidates) same quantum numbers as squarks

both DF and messengers charged under unbroken U(1) dark interaction

massless dark photon

gL(Q̄LqR)SR + gR(Q̄RqL)S
†
L +H.c.
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Higgs Yukawa radiatively generated at 1-loop order

model motivated to solve flavour hierarchy problem
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thermally averaged cross section
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ij ⇢L,R
ii

<latexit sha1_base64="k1OcGe5jWwQzzs9secWXb0f2MBU=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJQZEXQjFN24cFHFXqAdh0yatrGZZEgyQhnmIdz4Km5cKOLWhTvfxnQ6C9v6Q+DLf84hOX8QMaq04/xYc/MLi0vLhZXi6tr6xqa9tV1XIpaY1LBgQjYDpAijnNQ01Yw0I0lQGDDSCAaXo3rjkUhFBb/Tw4h4Iepx2qUYaWP59mHVT+hDep9cH92m523ZF2PM3IkrTX275JSdTHAW3BxKIFfVt7/bHYHjkHCNGVKq5TqR9hIkNcWMpMV2rEiE8AD1SMsgRyFRXpItlcJ943RgV0hzuIaZ+3ciQaFSwzAwnSHSfTVdG5n/1Vqx7p55CeVRrAnH44e6MYNawFFCsEMlwZoNDSAsqfkrxH0kEdYmx6IJwZ1eeRbqx2XX8M1JqXKRx1EAu2APHAAXnIIKuAJVUAMYPIEX8AberWfr1fqwPsetc1Y+swMmZH39Amwmnw0=</latexit><latexit sha1_base64="k1OcGe5jWwQzzs9secWXb0f2MBU=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJQZEXQjFN24cFHFXqAdh0yatrGZZEgyQhnmIdz4Km5cKOLWhTvfxnQ6C9v6Q+DLf84hOX8QMaq04/xYc/MLi0vLhZXi6tr6xqa9tV1XIpaY1LBgQjYDpAijnNQ01Yw0I0lQGDDSCAaXo3rjkUhFBb/Tw4h4Iepx2qUYaWP59mHVT+hDep9cH92m523ZF2PM3IkrTX275JSdTHAW3BxKIFfVt7/bHYHjkHCNGVKq5TqR9hIkNcWMpMV2rEiE8AD1SMsgRyFRXpItlcJ943RgV0hzuIaZ+3ciQaFSwzAwnSHSfTVdG5n/1Vqx7p55CeVRrAnH44e6MYNawFFCsEMlwZoNDSAsqfkrxH0kEdYmx6IJwZ1eeRbqx2XX8M1JqXKRx1EAu2APHAAXnIIKuAJVUAMYPIEX8AberWfr1fqwPsetc1Y+swMmZH39Amwmnw0=</latexit><latexit sha1_base64="k1OcGe5jWwQzzs9secWXb0f2MBU=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJQZEXQjFN24cFHFXqAdh0yatrGZZEgyQhnmIdz4Km5cKOLWhTvfxnQ6C9v6Q+DLf84hOX8QMaq04/xYc/MLi0vLhZXi6tr6xqa9tV1XIpaY1LBgQjYDpAijnNQ01Yw0I0lQGDDSCAaXo3rjkUhFBb/Tw4h4Iepx2qUYaWP59mHVT+hDep9cH92m523ZF2PM3IkrTX275JSdTHAW3BxKIFfVt7/bHYHjkHCNGVKq5TqR9hIkNcWMpMV2rEiE8AD1SMsgRyFRXpItlcJ943RgV0hzuIaZ+3ciQaFSwzAwnSHSfTVdG5n/1Vqx7p55CeVRrAnH44e6MYNawFFCsEMlwZoNDSAsqfkrxH0kEdYmx6IJwZ1eeRbqx2XX8M1JqXKRx1EAu2APHAAXnIIKuAJVUAMYPIEX8AberWfr1fqwPsetc1Y+swMmZH39Amwmnw0=</latexit><latexit sha1_base64="k1OcGe5jWwQzzs9secWXb0f2MBU=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJQZEXQjFN24cFHFXqAdh0yatrGZZEgyQhnmIdz4Km5cKOLWhTvfxnQ6C9v6Q+DLf84hOX8QMaq04/xYc/MLi0vLhZXi6tr6xqa9tV1XIpaY1LBgQjYDpAijnNQ01Yw0I0lQGDDSCAaXo3rjkUhFBb/Tw4h4Iepx2qUYaWP59mHVT+hDep9cH92m523ZF2PM3IkrTX275JSdTHAW3BxKIFfVt7/bHYHjkHCNGVKq5TqR9hIkNcWMpMV2rEiE8AD1SMsgRyFRXpItlcJ943RgV0hzuIaZ+3ciQaFSwzAwnSHSfTVdG5n/1Vqx7p55CeVRrAnH44e6MYNawFFCsEMlwZoNDSAsqfkrxH0kEdYmx6IJwZ1eeRbqx2XX8M1JqXKRx1EAu2APHAAXnIIKuAJVUAMYPIEX8AberWfr1fqwPsetc1Y+swMmZH39Amwmnw0=</latexit>
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↵D = 0.1
<latexit sha1_base64="koB+l3OU49GdYkMejgvgYShZsmI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6Eoh48VrAf0MYy2W7apZtN2N0oJfR/ePGgiFf/izf/jds2B219YeHhnRlm9g0SwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCrK6jQWsWoFqJngktUNN4K1EsUwCgRrBsPrSb35yJTmsbw3o4T5EfYlDzlFY62HDopkgN0bckncitctld2KOxVZBC+HMuSqdUtfnV5M04hJQwVq3fbcxPgZKsOpYONiJ9UsQTrEPmtblBgx7WfTq8fk2Do9EsbKPmnI1P09kWGk9SgKbGeEZqDnaxPzv1o7NeGFn3GZpIZJOlsUpoKYmEwiID2uGDViZAGp4vZWQgeokBobVNGG4M1/eREapxXP8t1ZuXqVx1GAQziCE/DgHKpwCzWoAwUFz/AKb86T8+K8Ox+z1iUnnzmAP3I+fwBaZpEX</latexit><latexit sha1_base64="koB+l3OU49GdYkMejgvgYShZsmI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6Eoh48VrAf0MYy2W7apZtN2N0oJfR/ePGgiFf/izf/jds2B219YeHhnRlm9g0SwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCrK6jQWsWoFqJngktUNN4K1EsUwCgRrBsPrSb35yJTmsbw3o4T5EfYlDzlFY62HDopkgN0bckncitctld2KOxVZBC+HMuSqdUtfnV5M04hJQwVq3fbcxPgZKsOpYONiJ9UsQTrEPmtblBgx7WfTq8fk2Do9EsbKPmnI1P09kWGk9SgKbGeEZqDnaxPzv1o7NeGFn3GZpIZJOlsUpoKYmEwiID2uGDViZAGp4vZWQgeokBobVNGG4M1/eREapxXP8t1ZuXqVx1GAQziCE/DgHKpwCzWoAwUFz/AKb86T8+K8Ox+z1iUnnzmAP3I+fwBaZpEX</latexit><latexit sha1_base64="koB+l3OU49GdYkMejgvgYShZsmI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6Eoh48VrAf0MYy2W7apZtN2N0oJfR/ePGgiFf/izf/jds2B219YeHhnRlm9g0SwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCrK6jQWsWoFqJngktUNN4K1EsUwCgRrBsPrSb35yJTmsbw3o4T5EfYlDzlFY62HDopkgN0bckncitctld2KOxVZBC+HMuSqdUtfnV5M04hJQwVq3fbcxPgZKsOpYONiJ9UsQTrEPmtblBgx7WfTq8fk2Do9EsbKPmnI1P09kWGk9SgKbGeEZqDnaxPzv1o7NeGFn3GZpIZJOlsUpoKYmEwiID2uGDViZAGp4vZWQgeokBobVNGG4M1/eREapxXP8t1ZuXqVx1GAQziCE/DgHKpwCzWoAwUFz/AKb86T8+K8Ox+z1iUnnzmAP3I+fwBaZpEX</latexit><latexit sha1_base64="koB+l3OU49GdYkMejgvgYShZsmI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEInkoigl6Eoh48VrAf0MYy2W7apZtN2N0oJfR/ePGgiFf/izf/jds2B219YeHhnRlm9g0SwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCrK6jQWsWoFqJngktUNN4K1EsUwCgRrBsPrSb35yJTmsbw3o4T5EfYlDzlFY62HDopkgN0bckncitctld2KOxVZBC+HMuSqdUtfnV5M04hJQwVq3fbcxPgZKsOpYONiJ9UsQTrEPmtblBgx7WfTq8fk2Do9EsbKPmnI1P09kWGk9SgKbGeEZqDnaxPzv1o7NeGFn3GZpIZJOlsUpoKYmEwiID2uGDViZAGp4vZWQgeokBobVNGG4M1/eREapxXP8t1ZuXqVx1GAQziCE/DgHKpwCzWoAwUFz/AKb86T8+K8Ox+z1iUnnzmAP3I+fwBaZpEX</latexit>

depending on the messenger mass, values between                               can be reached10�4 and 10�5
<latexit sha1_base64="SbUvfr3hwfcS0SS7Gj0MtIdVFDQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSC1WCikBiqWBhLBK9SE2oHMdprdpOZDuIKsrKwquwMIAQK2/Axtvgph2g5UiWPv//ObLPHySMKu0439bC4tLyympprby+sbm1be/stlScSkyaOGax7ARIEUYFaWqqGekkkiAeMNIOhldjv31PpKKxuNWjhPgc9QWNKEbaSD0bus5ddlzLoXcBPR7EDxkSYXErjNO8Z1ecqlMUnAd3ChUwrUbP/vLCGKecCI0ZUqrrOon2MyQ1xYzkZS9VJEF4iPqka1AgTpSfFZvk8NAoIYxiaY7QsFB/T2SIKzXigenkSA/UrDcW//O6qY7O/YyKJNVE4MlDUcqgjuE4FhhSSbBmIwMIS2r+CvEASYS1Ca9sQnBnV56H1knVNXxTq9Qvp3GUwD44AEfABWegDq5BAzQBBo/gGbyCN+vJerHerY9J64I1ndkDf8r6/AET15gH</latexit><latexit sha1_base64="SbUvfr3hwfcS0SS7Gj0MtIdVFDQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSC1WCikBiqWBhLBK9SE2oHMdprdpOZDuIKsrKwquwMIAQK2/Axtvgph2g5UiWPv//ObLPHySMKu0439bC4tLyympprby+sbm1be/stlScSkyaOGax7ARIEUYFaWqqGekkkiAeMNIOhldjv31PpKKxuNWjhPgc9QWNKEbaSD0bus5ddlzLoXcBPR7EDxkSYXErjNO8Z1ecqlMUnAd3ChUwrUbP/vLCGKecCI0ZUqrrOon2MyQ1xYzkZS9VJEF4iPqka1AgTpSfFZvk8NAoIYxiaY7QsFB/T2SIKzXigenkSA/UrDcW//O6qY7O/YyKJNVE4MlDUcqgjuE4FhhSSbBmIwMIS2r+CvEASYS1Ca9sQnBnV56H1knVNXxTq9Qvp3GUwD44AEfABWegDq5BAzQBBo/gGbyCN+vJerHerY9J64I1ndkDf8r6/AET15gH</latexit><latexit sha1_base64="SbUvfr3hwfcS0SS7Gj0MtIdVFDQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSC1WCikBiqWBhLBK9SE2oHMdprdpOZDuIKsrKwquwMIAQK2/Axtvgph2g5UiWPv//ObLPHySMKu0439bC4tLyympprby+sbm1be/stlScSkyaOGax7ARIEUYFaWqqGekkkiAeMNIOhldjv31PpKKxuNWjhPgc9QWNKEbaSD0bus5ddlzLoXcBPR7EDxkSYXErjNO8Z1ecqlMUnAd3ChUwrUbP/vLCGKecCI0ZUqrrOon2MyQ1xYzkZS9VJEF4iPqka1AgTpSfFZvk8NAoIYxiaY7QsFB/T2SIKzXigenkSA/UrDcW//O6qY7O/YyKJNVE4MlDUcqgjuE4FhhSSbBmIwMIS2r+CvEASYS1Ca9sQnBnV56H1knVNXxTq9Qvp3GUwD44AEfABWegDq5BAzQBBo/gGbyCN+vJerHerY9J64I1ndkDf8r6/AET15gH</latexit><latexit sha1_base64="SbUvfr3hwfcS0SS7Gj0MtIdVFDQ=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSC1WCikBiqWBhLBK9SE2oHMdprdpOZDuIKsrKwquwMIAQK2/Axtvgph2g5UiWPv//ObLPHySMKu0439bC4tLyympprby+sbm1be/stlScSkyaOGax7ARIEUYFaWqqGekkkiAeMNIOhldjv31PpKKxuNWjhPgc9QWNKEbaSD0bus5ddlzLoXcBPR7EDxkSYXErjNO8Z1ecqlMUnAd3ChUwrUbP/vLCGKecCI0ZUqrrOon2MyQ1xYzkZS9VJEF4iPqka1AgTpSfFZvk8NAoIYxiaY7QsFB/T2SIKzXigenkSA/UrDcW//O6qY7O/YyKJNVE4MlDUcqgjuE4FhhSSbBmIwMIS2r+CvEASYS1Ca9sQnBnV56H1knVNXxTq9Qvp3GUwD44AEfABWegDq5BAzQBBo/gGbyCN+vJerHerY9J64I1ndkDf8r6/AET15gH</latexit>

�mK
<latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit>

�mK
<latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit><latexit sha1_base64="TVcyok8I5mc9VZY0KJURFwFuMSw=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPgpYL9wDaUzXbTLt1swu5EKKH/wosHRbz6b7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2iaONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkbX03rriWsjYvWA44T7ER0oEQpG0VqP3RsukZKod9crV9yqOxNZBi+HCuSq98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xqGjEjZ/NNp6QE+v0SRhr+xSSmft7IqORMeMosJ0RxaFZrE3N/2qdFMNLPxMqSZErNv8oTCXBmEzPJ32hOUM5tkCZFnZXwoZUU4Y2pJINwVs8eRmaZ1XP8v15pXaVx1GEIziGU/DgAmpwC3VoAAMFz/AKb45xXpx352PeWnDymUP4I+fzB9Z9kFs=</latexit>
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neutron decay naturally suppressed at 100 TeV << GUT

proton is stable by charge conservation
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neutron life-time puzzle

937.900 MeV < 2mD +mU < 939.565 MeV
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neutron massBeryllium-8 stability
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dark photon
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possible role in galaxy formation and dynamics
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K+ ! ⇡+⇡0�̄

K+ ! ⇡+�̄

vector massless dark photon

forbidden

massless invisible system

unbroken U(1) symmetry

possible signature in Kaon physics

( )

Phys. Rev. Lett. 119 (2017) 031801 [arXiv:1705.03470]
M. Fabbrichesi, EG, B. Mele
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conclusions

    dark matter constituents:  
      heavy dark fermion interacting (via dark photon) 
   
    light dark fermions: 

     can be produced in low-energy experiments 
     remarkable signature: invisible decays into the dark sector 
   
   other signatures: 

    neutron decay (life-time puzzle) 
    dark photon in K+ ! ⇡+⇡0�̄

KL, B
0
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