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Dark Matter

Dark Energy

• Primary motivation is the experimental evidence for Dark Matter

• Motivates the study of SM extensions with new particles and interactions

Why Dark Sectors?
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Visible sector



Daniele Barducci - University & INFN Pisa

• The most common paradigm for Dark Matter is the WIMP

New massive particle in thermal equilibrium with the SM in the Early Universe

  Decouples at                   , it’s abundance freezes-out

• Reproducing relic abundances fixes the interaction to be electroweak-like         

<latexit sha1_base64="U75xNxyiPGHWRKaLvjfAsJEXSs8=">AAACAHicbZC7TsMwFIZPyq2UW4CBgcWiQmIqScVtrGBhLFJvUhNFjuu0Vu0ksh2kqurCq7AwgBArj8HG2+C2GaDllyx9+s85Oj5/mHKmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSSThDZJwhPZCbGinMW0qZnmtJNKikXIaTsc3k3r7UcqFUvihh6l1Be4H7OIEayNFdhHjcAjA4Y8xQQScz5HVSewy07FmQktg5tDGXLVA/vL6yUkEzTWhGOluq6Tan+MpWaE00nJyxRNMRniPu0ajLGgyh/PDpigU+P0UJRI82KNZu7viTEWSo1EaDoF1gO1WJua/9W6mY5u/DGL00zTmMwXRRlHOkHTNFCPSUo0HxnARDLzV0QGWGKiTWYlE4K7ePIytKoV96py+XBRrt3mcRThGE7gDFy4hhrcQx2aQGACz/AKb9aT9WK9Wx/z1oKVzxzCH1mfP0/flPA=</latexit>

T� ⇠ m�/20

• High

• Low

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T

<latexit sha1_base64="210PWuUW8S3dOVUX2p9XeXgfmSU="></latexit>

⌦h2 ⇠ 0.1
pb

h�vi
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The prime example



Daniele Barducci - University & INFN Pisa

• The most common paradigm for Dark Matter is the WIMP

New massive particle in thermal equilibrium with the SM in the Early Universe

  Decouples at                   , it’s abundance freezes-out

• Reproducing relic abundances fixes the interaction to be electroweak-like         

<latexit sha1_base64="U75xNxyiPGHWRKaLvjfAsJEXSs8=">AAACAHicbZC7TsMwFIZPyq2UW4CBgcWiQmIqScVtrGBhLFJvUhNFjuu0Vu0ksh2kqurCq7AwgBArj8HG2+C2GaDllyx9+s85Oj5/mHKmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSSThDZJwhPZCbGinMW0qZnmtJNKikXIaTsc3k3r7UcqFUvihh6l1Be4H7OIEayNFdhHjcAjA4Y8xQQScz5HVSewy07FmQktg5tDGXLVA/vL6yUkEzTWhGOluq6Tan+MpWaE00nJyxRNMRniPu0ajLGgyh/PDpigU+P0UJRI82KNZu7viTEWSo1EaDoF1gO1WJua/9W6mY5u/DGL00zTmMwXRRlHOkHTNFCPSUo0HxnARDLzV0QGWGKiTWYlE4K7ePIytKoV96py+XBRrt3mcRThGE7gDFy4hhrcQx2aQGACz/AKb9aT9WK9Wx/z1oKVzxzCH1mfP0/flPA=</latexit>

T� ⇠ m�/20

• High

• Low

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T

<latexit sha1_base64="EqeA+mbLkNRXGR722P9vRZdlcXk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cE8oJkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdz/zWEyrNY1k34wT9iA4kDzmjxkq1eq9YcsvuHGSVeBkpQYZqr/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5oVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDWn3CZpAYlWywKU0FMTGZfkz5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf88ippXpS96/JV7bJUucviyMMJnMI5eHADFXiAKjSAAcIzvMKb8+i8OO/Ox6I152Qzx/AHzucPsumM4g==</latexit>

T

<latexit sha1_base64="210PWuUW8S3dOVUX2p9XeXgfmSU="></latexit>

⌦h2 ⇠ 0.1
pb

h�vi
What’s in here?
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The prime example
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• Assumption - Dark Matter interacts with the SM via EW interactions

<latexit sha1_base64="+VzeKu+GcfdHyudPXXtBCdBtpso="></latexit>

h�vi ' 1 pb
⇣ ↵W

10�2

⌘2
✓
TeV

m�

◆2

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

6

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

EW scale mass

EW scale coupling

• TeV scale particle with EW coupling gives the right relic abundance

WIMP miracle
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Can one have a WIMP lighter than few GeV produced via thermal freeze-out ?

7

<latexit sha1_base64="A/0kx4NjzrA1Xl5r4TdCxa+K+cw="></latexit>

h�vi ⇠ 1 pb
⇣ m�

3 GeV

⌘2
<latexit sha1_base64="491KNg4pQJ1om7RzzZ1mlTD77lY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjPF17Loxp0V7AM6Y8mkt9PQZGZIMmIZ+gFu/BU3LhRx6we4829M2wG19UDg5JxzSe7xY86Utu0vK7ewuLS8kl8trK1vbG4Vt3caKkokhTqNeCRbPlHAWQh1zTSHViyBCJ9D0x9cjP3mHUjFovBGD2PwBAlC1mOUaCN1iiX3SkBAcP+2gt0gwD/XTupKgeE+HpmUXbYnwPPEyUgJZah1ip9uN6KJgFBTTpRqO3asvZRIzSiHUcFNFMSEDkgAbUNDIkB56WSZET4wShf3ImlOqPFE/T2REqHUUPgmKYjuq1lvLP7ntRPdO/NSFsaJhpBOH+olHOsIj5vBXSaBaj40hFDJzF8x7RNJqDb9FUwJzuzK86RRKTsn5ePro1L1PKsjj/bQPjpEDjpFVXSJaqiOKHpAT+gFvVqP1rP1Zr1Pozkrm9lFf2B9fAPFc5o2</latexit>

⌦h2 � ⌦h2
exp

<latexit sha1_base64="lh+fcQXXB3whpBIOKIzpwTf8mnM=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUl8g5uiC11WsA9oQphMp+3QmSTMTIQSunDjr7hxoYhbP8Kdf+O0zUKrBwYO55zLnXvChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2iBXlLKINzTSn7URSLEJOW+HwauK37qlULI7u9CihvsD9iPUYwdpIgV0WgUcGDHl9bUICHXkXmScFuqbNcWBXnKozBfpL3JxUIEc9sD+9bkxSQSNNOFaq4zqJ9jMsNSOcjkteqmiCyRD3acfQCAuq/Gx6xBjtG6WLerE0L9Joqv6cyLBQaiRCkxRYD9S8NxH/8zqp7p37GYuSVNOIzBb1Uo50jCaNoC6TlGg+MgQTycxfERlgiYk2vZVMCe78yX9J87DqnlZPbo8rtcu8jiKUYQ8OwIUzqMEN1KEBBB7gCV7g1Xq0nq03630WLVj5zC78gvXxDZmUl3A=</latexit>

m� & 3 GeV

Lee - Weinberg bound

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�
Light state

<latexit sha1_base64="lh+fcQXXB3whpBIOKIzpwTf8mnM=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUl8g5uiC11WsA9oQphMp+3QmSTMTIQSunDjr7hxoYhbP8Kdf+O0zUKrBwYO55zLnXvChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2iBXlLKINzTSn7URSLEJOW+HwauK37qlULI7u9CihvsD9iPUYwdpIgV0WgUcGDHl9bUICHXkXmScFuqbNcWBXnKozBfpL3JxUIEc9sD+9bkxSQSNNOFaq4zqJ9jMsNSOcjkteqmiCyRD3acfQCAuq/Gx6xBjtG6WLerE0L9Joqv6cyLBQaiRCkxRYD9S8NxH/8zqp7p37GYuSVNOIzBb1Uo50jCaNoC6TlGg+MgQTycxfERlgiYk2vZVMCe78yX9J87DqnlZPbo8rtcu8jiKUYQ8OwIUzqMEN1KEBBB7gCV7g1Xq0nq03630WLVj5zC78gvXxDZmUl3A=</latexit>

m� & 3 GeV
<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM
<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

- DM is overproduced



Daniele Barducci - University & INFN Pisa

Can one have a WIMP lighter than few GeV produced via thermal freeze-out ?

8

<latexit sha1_base64="A/0kx4NjzrA1Xl5r4TdCxa+K+cw="></latexit>

h�vi ⇠ 1 pb
⇣ m�

3 GeV

⌘2
<latexit sha1_base64="491KNg4pQJ1om7RzzZ1mlTD77lY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjPF17Loxp0V7AM6Y8mkt9PQZGZIMmIZ+gFu/BU3LhRx6we4829M2wG19UDg5JxzSe7xY86Utu0vK7ewuLS8kl8trK1vbG4Vt3caKkokhTqNeCRbPlHAWQh1zTSHViyBCJ9D0x9cjP3mHUjFovBGD2PwBAlC1mOUaCN1iiX3SkBAcP+2gt0gwD/XTupKgeE+HpmUXbYnwPPEyUgJZah1ip9uN6KJgFBTTpRqO3asvZRIzSiHUcFNFMSEDkgAbUNDIkB56WSZET4wShf3ImlOqPFE/T2REqHUUPgmKYjuq1lvLP7ntRPdO/NSFsaJhpBOH+olHOsIj5vBXSaBaj40hFDJzF8x7RNJqDb9FUwJzuzK86RRKTsn5ePro1L1PKsjj/bQPjpEDjpFVXSJaqiOKHpAT+gFvVqP1rP1Zr1Pozkrm9lFf2B9fAPFc5o2</latexit>

⌦h2 � ⌦h2
exp

<latexit sha1_base64="lh+fcQXXB3whpBIOKIzpwTf8mnM=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUl8g5uiC11WsA9oQphMp+3QmSTMTIQSunDjr7hxoYhbP8Kdf+O0zUKrBwYO55zLnXvChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2iBXlLKINzTSn7URSLEJOW+HwauK37qlULI7u9CihvsD9iPUYwdpIgV0WgUcGDHl9bUICHXkXmScFuqbNcWBXnKozBfpL3JxUIEc9sD+9bkxSQSNNOFaq4zqJ9jMsNSOcjkteqmiCyRD3acfQCAuq/Gx6xBjtG6WLerE0L9Joqv6cyLBQaiRCkxRYD9S8NxH/8zqp7p37GYuSVNOIzBb1Uo50jCaNoC6TlGg+MgQTycxfERlgiYk2vZVMCe78yX9J87DqnlZPbo8rtcu8jiKUYQ8OwIUzqMEN1KEBBB7gCV7g1Xq0nq03630WLVj5zC78gvXxDZmUl3A=</latexit>

m� & 3 GeV

Lee - Weinberg bound

Relax the assumption on the mediator - allow it to be a BSM state

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="IYqTukIEoefJMkAqxdmmRCKwbpI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5BFhQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALwBjOg=</latexit>

Z

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�
Light state

<latexit sha1_base64="lh+fcQXXB3whpBIOKIzpwTf8mnM=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUl8g5uiC11WsA9oQphMp+3QmSTMTIQSunDjr7hxoYhbP8Kdf+O0zUKrBwYO55zLnXvChDOlHefLKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2iBXlLKINzTSn7URSLEJOW+HwauK37qlULI7u9CihvsD9iPUYwdpIgV0WgUcGDHl9bUICHXkXmScFuqbNcWBXnKozBfpL3JxUIEc9sD+9bkxSQSNNOFaq4zqJ9jMsNSOcjkteqmiCyRD3acfQCAuq/Gx6xBjtG6WLerE0L9Joqv6cyLBQaiRCkxRYD9S8NxH/8zqp7p37GYuSVNOIzBb1Uo50jCaNoC6TlGg+MgQTycxfERlgiYk2vZVMCe78yX9J87DqnlZPbo8rtcu8jiKUYQ8OwIUzqMEN1KEBBB7gCV7g1Xq0nq03630WLVj5zC78gvXxDZmUl3A=</latexit>

m� & 3 GeV
<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM
<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

- DM is overproduced

• Assume a new mediator
<latexit sha1_base64="KXZ4OCxDN9MQmfRY/8rqwKAD38g="></latexit>

L ⇠ Z 0
µ

�
g��̄�

µ�+ gf f̄�
µf

�

• DM can be lighter if the mediator is a (light) BSM state



Daniele Barducci - University & INFN Pisa

<latexit sha1_base64="u/pYAuv7NiZHuyDO/LZyvpvOKPU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQixchgnlAsobZ2dlkyMzOMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFSSCG3Ddb6ewtLyyulZcL21sbm3vlHf3mkalmrIGVULpdkAMEzxmDeAgWDvRjMhAsFYwvJ74rUemDVfxPYwS5kvSj3nEKQErPWRdLfEtCzkBpce9csWtulPgReLlpIJy1Hvlr26oaCpZDFQQYzqem4CfEQ2cCjYudVPDEkKHpM86lsZEMuNn06vH+MgqIY6UthUDnqq/JzIijRnJwHZKAgMz703E/7xOCtGln/E4SYHFdLYoSgUGhScR4JBrRkGMLCFUc3srpgOiCQUbVMmG4M2/vEiaJ1XvvHp2d1qpXeVxFNEBOkTHyEMXqIZuUB01EEUaPaNX9OY8OS/Ou/Mxay04+cw++gPn8weZFpKY</latexit>

Mediator

• Two different approaches to investigate this paradigm

Complete theory Simplified models

SUSY, extra dimensions…

• Not model independent

• More predictive (correlations…)

• Solve other open problems

Assume DM and mediator

• Model independent
• Less predictive
• Less ambitious 

9

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM
<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�



Daniele Barducci - University & INFN Pisa

• For LHC high -        searches the community has shifted more to the        approach
<latexit sha1_base64="sEEih6B11i76oOTDHvFaGyxjXCA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzAOTNczOziZDZmaXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8CaciZp0zDDaSdRFIuA03Ywupn67SeqNIvlvRkn1Bd4IFnECDZWeqg9Zj0lkAwn/XLFrbozoGXi5aQCORr98lcvjEkqqDSEY627npsYP8PKMMLppNRLNU0wGeEB7VoqsaDaz2YXT9CJVUIUxcqWNGim/p7IsNB6LALbKbAZ6kVvKv7ndVMTXfkZk0lqqCTzRVHKkYnR9H0UMkWJ4WNLMFHM3orIECtMjA2pZEPwFl9eJq1a1buont+dVerXeRxFOIJjOAUPLqEOt9CAJhCQ8Ayv8OZo58V5dz7mrQUnnzmEP3A+fwAuZ5Cd</latexit>

2nd

10

<latexit sha1_base64="WqYPmjXBtt/gbh2aY0HnXdAgsBM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eIeUGyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHjRY0FFXddHcFiRQGXffLKaysrq1vFDdLW9s7u3vl/YOWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8O/Pbj1wbEasGThLuR3SoRCgYRSs9JP1Gv1xxq+4c5C/xclKBHPV++bM3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TEKgMSxtqWQjJXf05kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8st/Seus6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAM3zI3F</latexit>pT
• Invisible decay of the mediator are targeted via mono-X channels

<latexit sha1_base64="u/pYAuv7NiZHuyDO/LZyvpvOKPU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQixchgnlAsobZ2dlkyMzOMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFSSCG3Ddb6ewtLyyulZcL21sbm3vlHf3mkalmrIGVULpdkAMEzxmDeAgWDvRjMhAsFYwvJ74rUemDVfxPYwS5kvSj3nEKQErPWRdLfEtCzkBpce9csWtulPgReLlpIJy1Hvlr26oaCpZDFQQYzqem4CfEQ2cCjYudVPDEkKHpM86lsZEMuNn06vH+MgqIY6UthUDnqq/JzIijRnJwHZKAgMz703E/7xOCtGln/E4SYHFdLYoSgUGhScR4JBrRkGMLCFUc3srpgOiCQUbVMmG4M2/vEiaJ1XvvHp2d1qpXeVxFNEBOkTHyEMXqIZuUB01EEUaPaNX9OY8OS/Ou/Mxay04+cw++gPn8weZFpKY</latexit>

Mediator

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM
<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM
<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

<latexit sha1_base64="lnoo7DNEYa+z51H1mLmvz+SVkAg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgCCURX8uiCC4r9AVtDJPppB07k4SZSaGE/okbF4q49U/c+TdO2yy0euDC4Zx7ufeeIOFMacf5sgpLyyura8X10sbm1vaOvbvXVHEqCW2QmMeyHWBFOYtoQzPNaTuRFIuA01YwvJn6rRGVisVRXY8T6gncj1jICNZG8m378eTWrz9kXSmQYEpNfLvsVJwZ0F/i5qQMOWq+/dntxSQVNNKEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RgaYUGVl80un6Ajo/RQGEtTkUYz9edEhoVSYxGYToH1QC16U/E/r5Pq8MrLWJSkmkZkvihMOdIxmsaAekxSovnYEEwkM7ciMsASE23CKpkQ3MWX/5LmacW9qJzfn5Wr13kcRTiAQzgGFy6hCndQgwYQGMETvMCrlVnP1pv1Pm8tWPnMPvyC9fENDsuTTw==</latexit>

j + Emiss
T

<latexit sha1_base64="9KVYLjjM8tkRDnYBR44tZsonnJc=">AAAB/nicbVDLSsNAFJ34rPUVFVduBosgCCURX8uiCC4r9AVNDDfTSTt0JgkzE6GEgr/ixoUibv0Od/6N08dCWw9cOJxzL/feE6acKe0439bC4tLyymphrbi+sbm1be/sNlSSSULrJOGJbIWgKGcxrWumOW2lkoIIOW2G/ZuR33ykUrEkrulBSn0B3ZhFjIA2UmDve10QAk5ug9pD7kmBBVNqGNglp+yMgeeJOyUlNEU1sL+8TkIyQWNNOCjVdp1U+zlIzQinw6KXKZoC6UOXtg2NQVDl5+Pzh/jIKB0cJdJUrPFY/T2Rg1BqIELTKUD31Kw3Ev/z2pmOrvycxWmmaUwmi6KMY53gURa4wyQlmg8MASKZuRWTHkgg2iRWNCG4sy/Pk8Zp2b0on9+flSrX0zgK6AAdomPkoktUQXeoiuqIoBw9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH+MylXY=</latexit>

� + Emiss
T

<latexit sha1_base64="BLVNjxnC+8AH/EIg+ramQbURP98=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSTia1kUwWWFvrCNYTKdtENnkjAzKZTQP3HjQhG3/ok7/8Zpm4W2HrhwOOde7r0nSDhT2nG+raXlldW19cJGcXNre2fX3ttvqDiVhNZJzGPZCrCinEW0rpnmtJVIikXAaTMY3E785pBKxeKopkcJ9QTuRSxkBGsj+bb9eHrn156yjhRIMKXGvl1yys4UaJG4OSlBjqpvf3W6MUkFjTThWKm26yTay7DUjHA6LnZSRRNMBrhH24ZGWFDlZdPLx+jYKF0UxtJUpNFU/T2RYaHUSASmU2DdV/PeRPzPa6c6vPYyFiWpphGZLQpTjnSMJjGgLpOUaD4yBBPJzK2I9LHERJuwiiYEd/7lRdI4K7uX5YuH81LlJo+jAIdwBCfgwhVU4B6qUAcCQ3iGV3izMuvFerc+Zq1LVj5zAH9gff4A9YyTPw==</latexit>

Z + Emiss
T

<latexit sha1_base64="W1q9EyzaFSxKjjWNbkrucvolUHI=">AAAB7HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCsYU2lMl00g6dTMLMjVBCv8GNC0Xc+kHu/BunbRbaemDgcM49zL0nTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ7/YTNL1qza27M5Bl4hWkBgWaveqXzbEs5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGfLTsiJVfokSrR9CslM/Z3IaWzMOA7tZExxaBa9qfif18kwug5yodIMuWLzj6JMEkzI9HLSF5ozlGNLKNPC7krYkGrK0PZTsSV4iycvk8ezundZv7g/rzVuijrKcATHcAoeXEED7qAJPjAQ8Ayv8OYo58V5dz7moyWnyBzCHzifP/Sojsw=</latexit>. . .

       line to be taken with care

<latexit sha1_base64="WpOWXtelU1Uu4dY7oa4Kd37WTH8="></latexit>

⌦h2 ' 0.12

✓
0.01

↵�

◆2 ⇣ m�

100 GeV

⌘2

Visible decays of the mediator can be tested

Limits depend on the assumptions

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="uJ0xNFsjmtSrDJ5EprX/yEhe4ZQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZyWwyZGZ2nZkVwrI/4cWDIl79HW/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRtcTv/VElWaRfDDjmPoCDyQLGcHGSu20qwS6v8165YpbdadAi8TLSQVy1Hvlr24/Iomg0hCOte54bmz8FCvDCKdZqZtoGmMywgPasVRiQbWfTu/N0JFV+iiMlC1p0FT9PZFiofVYBLZTYDPU895E/M/rJCa89FMm48RQSWaLwoQjE6HJ86jPFCWGjy3BRDF7KyJDrDAxNqKSDcGbf3mRNE+q3nn17O60UrvK4yjCARzCMXhwATW4gTo0gACHZ3iFN+fReXHenY9Za8HJZ/bhD5zPH7lcj8c=</latexit>

SM

<latexit sha1_base64="u/pYAuv7NiZHuyDO/LZyvpvOKPU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQixchgnlAsobZ2dlkyMzOMtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFSSCG3Ddb6ewtLyyulZcL21sbm3vlHf3mkalmrIGVULpdkAMEzxmDeAgWDvRjMhAsFYwvJ74rUemDVfxPYwS5kvSj3nEKQErPWRdLfEtCzkBpce9csWtulPgReLlpIJy1Hvlr26oaCpZDFQQYzqem4CfEQ2cCjYudVPDEkKHpM86lsZEMuNn06vH+MgqIY6UthUDnqq/JzIijRnJwHZKAgMz703E/7xOCtGln/E4SYHFdLYoSgUGhScR4JBrRkGMLCFUc3srpgOiCQUbVMmG4M2/vEiaJ1XvvHp2d1qpXeVxFNEBOkTHyEMXqIZuUB01EEUaPaNX9OY8OS/Ou/Mxay04+cw++gPn8weZFpKY</latexit>

Mediator

• Results in simplified model can allow for an easy reinterpretation in other theories

[Abdallah+ 1506.03116]

<latexit sha1_base64="7Ylx/GH7MnwsZ12iHlHsZB9ADwU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4Kon4WhbduKxgH9CGMpnctkMnD2ZuxBqCv+LGhSJu/Q93/o3TNAttPXDhcM69c+ceLxZcoW1/GwuLS8srq6W18vrG5ta2ubPbVFEiGTRYJCLZ9qgCwUNoIEcB7VgCDTwBLW90PfFb9yAVj8I7HMfgBnQQ8j5nFLXUM/fTLsID5g+lEvwsHWRZz6zYVTuHNU+cglRIgXrP/Or6EUsCCJEJqlTHsWN0UyqRMwFZuZsoiCkb0QF0NA1pAMpN86WZdaQV3+pHUleIVq7+nkhpoNQ48HRnQHGoZr2J+J/XSbB/6aY8jBOEkE0X9RNhYWRNorB8LoGhGGtCmeT6rxYbUkkZ6sDKOgRn9uR50jypOufVs9vTSu2qiKNEDsghOSYOuSA1ckPqpEEYeSTP5JW8GU/Gi/FufExbF4xiZo/8gfH5Aw9+lkc=</latexit>g
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<latexit sha1_base64="Ew+bEMToeALEu3HygjvQDdXONVw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOza5idzCZDZmaXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4upn67SeqNIvlvRknNBB4IFnECDZWeqg/Zr5IfZlOeuWKW3VnQMvEy0kFcjR65S+/H5NUUGkIx1p3PTcxQYaVYYTTSclPNU0wGeEB7VoqsaA6yGYXT9CJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66Ymug4yJpPUUEnmi6KUIxOj6fuozxQlho8twUQxeysiQ6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AHBQ5D9</latexit>

Bµ⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>� <latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="/LnNdDjSsFKfkH0SSY4wrsN4v6c=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eggh4jmAdkN2F2MkmGzMwuM7NKWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dYcyZNq777SwsLi2vrObW8usbm1vbhZ3dmo4SRWiVRDxSjRBrypmkVcMMp41YUSxCTuvh4Hrs1x+p0iySD2YY00DgnmRdRrCxUuu2leJjXyS+TEbtm3ah6JbcCdA88TJShAyVduHL70QkEVQawrHWTc+NTZBiZRjhdJT3E01jTAa4R5uWSiyoDtLJ1SN0aJUO6kbKljRoov6eSLHQeihC2ymw6etZbyz+5zUT070MUibjxFBJpou6CUcmQuMIUIcpSgwfWoKJYvZWRPpYYWJsUHkbgjf78jypnZS889LZ/WmxfJXFkYN9OIAj8OACynAHFagCAQXP8ApvzpPz4rw7H9PWBSeb2YM/cD5/ADn+klo=</latexit>

Ga,µ⌫
D

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 
no SM charges

13

Dark sector portals

<latexit sha1_base64="8/JYqP7UNapa0wx3i+ThusBwNmc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdpQ+sV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndePbs9rdSu8jiKcACHcAweXEANbqAODWAwgCd4gVdHOM/Om/M+by04+cw+/ILz8Q1UoY3Y</latexit>

uc
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14

<latexit sha1_base64="Ew+bEMToeALEu3HygjvQDdXONVw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOza5idzCZDZmaXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4upn67SeqNIvlvRknNBB4IFnECDZWeqg/Zr5IfZlOeuWKW3VnQMvEy0kFcjR65S+/H5NUUGkIx1p3PTcxQYaVYYTTSclPNU0wGeEB7VoqsaA6yGYXT9CJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66Ymug4yJpPUUEnmi6KUIxOj6fuozxQlho8twUQxeysiQ6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AHBQ5D9</latexit>

Bµ⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>� <latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="/LnNdDjSsFKfkH0SSY4wrsN4v6c=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eggh4jmAdkN2F2MkmGzMwuM7NKWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dYcyZNq777SwsLi2vrObW8usbm1vbhZ3dmo4SRWiVRDxSjRBrypmkVcMMp41YUSxCTuvh4Hrs1x+p0iySD2YY00DgnmRdRrCxUuu2leJjXyS+TEbtm3ah6JbcCdA88TJShAyVduHL70QkEVQawrHWTc+NTZBiZRjhdJT3E01jTAa4R5uWSiyoDtLJ1SN0aJUO6kbKljRoov6eSLHQeihC2ymw6etZbyz+5zUT070MUibjxFBJpou6CUcmQuMIUIcpSgwfWoKJYvZWRPpYYWJsUHkbgjf78jypnZS889LZ/WmxfJXFkYN9OIAj8OACynAHFagCAQXP8ApvzpPz4rw7H9PWBSeb2YM/cD5/ADn+klo=</latexit>

Ga,µ⌫
D

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 
no SM charges

Dark sector portals

<latexit sha1_base64="8/JYqP7UNapa0wx3i+ThusBwNmc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdpQ+sV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndePbs9rdSu8jiKcACHcAweXEANbqAODWAwgCd4gVdHOM/Om/M+by04+cw+/ILz8Q1UoY3Y</latexit>

uc

Singlet 
mediator



Daniele Barducci - University & INFN Pisa

SM visible sector Dark sector

<latexit sha1_base64="D7T/hc+fPaXhq3cLp8FCpMxnx2Y=">AAAB/XicbVDJTsMwEHXKVsoWlhsXiwqJU5UgtmMFF45FoovUhGriOq1VOwm2g1Siil/hwgGEuPIf3Pgb3DYHaHnSSM/vzcgzL0g4U9pxvq3CwuLS8kpxtbS2vrG5ZW/vNFScSkLrJOaxbAWgKGcRrWumOW0lkoIIOG0Gg6ux33ygUrE4utXDhPoCehELGQFtpI695wUg8T32eiAE3HkiNY+OXXYqzgR4nrg5KaMctY795XVjkgoaacJBqbbrJNrPQGpGOB2VvFTRBMgAerRtaASCKj+bbD/Ch0bp4jCWpiKNJ+rviQyEUkMRmE4Buq9mvbH4n9dOdXjhZyxKUk0jMv0oTDnWMR5HgbtMUqL50BAgkpldMemDBKJNYCUTgjt78jxpHFfcs8rpzUm5epnHUUT76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+pq0FK5/ZRX9gff4ALtuUaw==</latexit>

q̄�µq
<latexit sha1_base64="ie0oLY8Op1PWo8aYvEdt7rYS2Tw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiTia1l047KCfUATy8100g6dScLMRCihuPFX3LhQxK1f4c6/cZpmoa0HLpw5517m3hMknCntON/WwuLS8spqaa28vrG5tW3v7DZVnEpCGyTmsWwHoChnEW1opjltJ5KCCDhtBcPrid96oFKxOLrTo4T6AvoRCxkBbaSuve8FILFHBgx7fRAC7j2R5u+uXXGqTg48T9yCVFCBetf+8noxSQWNNOGgVMd1Eu1nIDUjnI7LXqpoAmQIfdoxNAJBlZ/lJ4zxkVF6OIylqUjjXP09kYFQaiQC0ylAD9SsNxH/8zqpDi/9jEVJqmlEph+FKcc6xpM8cI9JSjQfGQJEMrMrJgOQQLRJrWxCcGdPnifNk6p7Xj27Pa3Uroo4SugAHaJj5KILVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9GQJa7</latexit>

�̄�µ�

<latexit sha1_base64="Vd7ZkAQYySqVOuPTQoiOo5B8sD8=">AAAB83icbVDJSgNBEK1xjXGLevQyGARPYUbcjkEvHiOYBTNj6On0JE26e5pehBDyG148KOLVn/Hm39hJ5qCJDwoe71VRVS+RjGoTBN/e0vLK6tp6YaO4ubW9s1va22/ozCpM6jhjmWolSBNGBakbahhpSUUQTxhpJoObid98IkrTTNyboSQxRz1BU4qRcVL08BhJRTnpRNx2SuWgEkzhL5IwJ2XIUeuUvqJuhi0nwmCGtG6HgTTxCClDMSPjYmQ1kQgPUI+0HRWIEx2PpjeP/WOndP00U66E8afq74kR4loPeeI6OTJ9Pe9NxP+8tjXpVTyiQlpDBJ4tSi3zTeZPAvC7VBFs2NARhBV1t/q4jxTCxsVUdCGE8y8vksZpJbyonN+dlavXeRwFOIQjOIEQLqEKt1CDOmCQ8Ayv8OZZ78V79z5mrUtePnMAf+B9/gAsY5HK</latexit>

Z 0
µ

15

<latexit sha1_base64="Ew+bEMToeALEu3HygjvQDdXONVw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOza5idzCZDZmaXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4upn67SeqNIvlvRknNBB4IFnECDZWeqg/Zr5IfZlOeuWKW3VnQMvEy0kFcjR65S+/H5NUUGkIx1p3PTcxQYaVYYTTSclPNU0wGeEB7VoqsaA6yGYXT9CJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66Ymug4yJpPUUEnmi6KUIxOj6fuozxQlho8twUQxeysiQ6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AHBQ5D9</latexit>

Bµ⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>� <latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="/LnNdDjSsFKfkH0SSY4wrsN4v6c=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eggh4jmAdkN2F2MkmGzMwuM7NKWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dYcyZNq777SwsLi2vrObW8usbm1vbhZ3dmo4SRWiVRDxSjRBrypmkVcMMp41YUSxCTuvh4Hrs1x+p0iySD2YY00DgnmRdRrCxUuu2leJjXyS+TEbtm3ah6JbcCdA88TJShAyVduHL70QkEVQawrHWTc+NTZBiZRjhdJT3E01jTAa4R5uWSiyoDtLJ1SN0aJUO6kbKljRoov6eSLHQeihC2ymw6etZbyz+5zUT070MUibjxFBJpou6CUcmQuMIUIcpSgwfWoKJYvZWRPpYYWJsUHkbgjf78jypnZS889LZ/WmxfJXFkYN9OIAj8OACynAHFagCAQXP8ApvzpPz4rw7H9PWBSeb2YM/cD5/ADn+klo=</latexit>

Ga,µ⌫
D

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 
no SM charges

Dark sector portals

<latexit sha1_base64="8/JYqP7UNapa0wx3i+ThusBwNmc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdpQ+sV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndePbs9rdSu8jiKcACHcAweXEANbqAODWAwgCd4gVdHOM/Om/M+by04+cw+/ILz8Q1UoY3Y</latexit>

uc

Portal

Singlet 
mediator



Daniele Barducci - University & INFN Pisa

• Assuming “renormalizability”, the number of portal interactions is very limited

• Relaxing this hypothesis allows for more possibility

SM visible sector Dark sector

<latexit sha1_base64="D7T/hc+fPaXhq3cLp8FCpMxnx2Y=">AAAB/XicbVDJTsMwEHXKVsoWlhsXiwqJU5UgtmMFF45FoovUhGriOq1VOwm2g1Siil/hwgGEuPIf3Pgb3DYHaHnSSM/vzcgzL0g4U9pxvq3CwuLS8kpxtbS2vrG5ZW/vNFScSkLrJOaxbAWgKGcRrWumOW0lkoIIOG0Gg6ux33ygUrE4utXDhPoCehELGQFtpI695wUg8T32eiAE3HkiNY+OXXYqzgR4nrg5KaMctY795XVjkgoaacJBqbbrJNrPQGpGOB2VvFTRBMgAerRtaASCKj+bbD/Ch0bp4jCWpiKNJ+rviQyEUkMRmE4Buq9mvbH4n9dOdXjhZyxKUk0jMv0oTDnWMR5HgbtMUqL50BAgkpldMemDBKJNYCUTgjt78jxpHFfcs8rpzUm5epnHUUT76AAdIRedoyq6RjVURwQ9omf0it6sJ+vFerc+pq0FK5/ZRX9gff4ALtuUaw==</latexit>

q̄�µq
<latexit sha1_base64="ie0oLY8Op1PWo8aYvEdt7rYS2Tw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiTia1l047KCfUATy8100g6dScLMRCihuPFX3LhQxK1f4c6/cZpmoa0HLpw5517m3hMknCntON/WwuLS8spqaa28vrG5tW3v7DZVnEpCGyTmsWwHoChnEW1opjltJ5KCCDhtBcPrid96oFKxOLrTo4T6AvoRCxkBbaSuve8FILFHBgx7fRAC7j2R5u+uXXGqTg48T9yCVFCBetf+8noxSQWNNOGgVMd1Eu1nIDUjnI7LXqpoAmQIfdoxNAJBlZ/lJ4zxkVF6OIylqUjjXP09kYFQaiQC0ylAD9SsNxH/8zqpDi/9jEVJqmlEph+FKcc6xpM8cI9JSjQfGQJEMrMrJgOQQLRJrWxCcGdPnifNk6p7Xj27Pa3Uroo4SugAHaJj5KILVEM3qI4aiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9GQJa7</latexit>

�̄�µ�

16

<latexit sha1_base64="Ew+bEMToeALEu3HygjvQDdXONVw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOza5idzCZDZmaXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4upn67SeqNIvlvRknNBB4IFnECDZWeqg/Zr5IfZlOeuWKW3VnQMvEy0kFcjR65S+/H5NUUGkIx1p3PTcxQYaVYYTTSclPNU0wGeEB7VoqsaA6yGYXT9CJVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66Ymug4yJpPUUEnmi6KUIxOj6fuozxQlho8twUQxeysiQ6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AHBQ5D9</latexit>

Bµ⌫

<latexit sha1_base64="a6ql2g27xIRn3iVNsLZOWZX56gQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlbssjjycwCmcgwc3UIEq1KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AKC5jNY=</latexit>

H

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>� <latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="/LnNdDjSsFKfkH0SSY4wrsN4v6c=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eggh4jmAdkN2F2MkmGzMwuM7NKWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dYcyZNq777SwsLi2vrObW8usbm1vbhZ3dmo4SRWiVRDxSjRBrypmkVcMMp41YUSxCTuvh4Hrs1x+p0iySD2YY00DgnmRdRrCxUuu2leJjXyS+TEbtm3ah6JbcCdA88TJShAyVduHL70QkEVQawrHWTc+NTZBiZRjhdJT3E01jTAa4R5uWSiyoDtLJ1SN0aJUO6kbKljRoov6eSLHQeihC2ymw6etZbyz+5zUT070MUibjxFBJpou6CUcmQuMIUIcpSgwfWoKJYvZWRPpYYWJsUHkbgjf78jypnZS889LZ/WmxfJXFkYN9OIAj8OACynAHFagCAQXP8ApvzpPz4rw7H9PWBSeb2YM/cD5/ADn+klo=</latexit>

Ga,µ⌫
D

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 
no SM charges

Dark sector portals

<latexit sha1_base64="8/JYqP7UNapa0wx3i+ThusBwNmc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJGmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdpQ+sV664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndePbs9rdSu8jiKcACHcAweXEANbqAODWAwgCd4gVdHOM/Om/M+by04+cw+/ILz8Q1UoY3Y</latexit>

uc

Portal

Singlet 
mediator

<latexit sha1_base64="Vd7ZkAQYySqVOuPTQoiOo5B8sD8=">AAAB83icbVDJSgNBEK1xjXGLevQyGARPYUbcjkEvHiOYBTNj6On0JE26e5pehBDyG148KOLVn/Hm39hJ5qCJDwoe71VRVS+RjGoTBN/e0vLK6tp6YaO4ubW9s1va22/ozCpM6jhjmWolSBNGBakbahhpSUUQTxhpJoObid98IkrTTNyboSQxRz1BU4qRcVL08BhJRTnpRNx2SuWgEkzhL5IwJ2XIUeuUvqJuhi0nwmCGtG6HgTTxCClDMSPjYmQ1kQgPUI+0HRWIEx2PpjeP/WOndP00U66E8afq74kR4loPeeI6OTJ9Pe9NxP+8tjXpVTyiQlpDBJ4tSi3zTeZPAvC7VBFs2NARhBV1t/q4jxTCxsVUdCGE8y8vksZpJbyonN+dlavXeRwFOIQjOIEQLqEKt1CDOmCQ8Ayv8OZZ78V79z5mrUtePnMAf+B9/gAsY5HK</latexit>

Z 0
µ



Daniele Barducci - University & INFN Pisa

Vector portal 
<latexit sha1_base64="zMGYFsXiAI1EnB4sBZUrT3RqC6k=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAh4Crvi6xgiiMcI5gHZJMxOOsmQmdllZlYIS77Ai7/ixYMiXj1782+cJCtoYkFDUdVNd1cQcaaN6345S8srq2vrmY3s5tb2zm5ub7+mw1hRqNKQh6oREA2cSagaZjg0IgVEBBzqwfBq4tfvQWkWyjsziqAlSF+yHqPEWKmTK/gQacZDicvtxBexL+Mxvm77kWICOj9KJ5d3i+4UeJF4KcmjFJVO7tPvhjQWIA3lROum50amlRBlGOUwzvqxhojQIelD01JJBOhWMn1njAtW6eJeqGxJg6fq74mECK1HIrCdgpiBnvcm4n9eMza9y1bCZBQbkHS2qBdzbEI8yQZ3mQJq+MgSQhWzt2I6IIpQYxPM2hC8+ZcXSe2k6J0Xz25P86VyGkcGHaIjdIw8dIFK6AZVUBVR9ICe0At6dR6dZ+fNeZ+1LjnpzAH6A+fjGwqLnMM=</latexit>

✏Bµ⌫F 0
µ⌫

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="SNSk7itDcKYiPFhM1kSGRkg3nNE=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwK4jGCWTAzhp5OT9Kkp2foRQhD/sKLB0W8+jfe/Bs7yRw08UHB470qquqFKWdKu+63U1haXlldK66XNja3tnfKu3tNlRhJaIMkPJHtECvKmaANzTSn7VRSHIectsLh9cRvPVGpWCLu9SilQYz7gkWMYG2lh5vHzI+NL8y4W664VXcKtEi8nFQgR71b/vJ7CTExFZpwrFTHc1MdZFhqRjgdl3yjaIrJEPdpx1KBY6qCbHrxGB1ZpYeiRNoSGk3V3xMZjpUaxaHtjLEeqHlvIv7ndYyOLoOMidRoKshsUWQ40gmavI96TFKi+cgSTCSztyIywBITbUMq2RC8+ZcXSfOk6p1Xz+5OK7WrPI4iHMAhHIMHF1CDW6hDAwgIeIZXeHOU8+K8Ox+z1oKTz+zDHzifP8d3kQE=</latexit>

Fµ⌫
<latexit sha1_base64="zMGYFsXiAI1EnB4sBZUrT3RqC6k=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAh4Crvi6xgiiMcI5gHZJMxOOsmQmdllZlYIS77Ai7/ixYMiXj1782+cJCtoYkFDUdVNd1cQcaaN6345S8srq2vrmY3s5tb2zm5ub7+mw1hRqNKQh6oREA2cSagaZjg0IgVEBBzqwfBq4tfvQWkWyjsziqAlSF+yHqPEWKmTK/gQacZDicvtxBexL+Mxvm77kWICOj9KJ5d3i+4UeJF4KcmjFJVO7tPvhjQWIA3lROum50amlRBlGOUwzvqxhojQIelD01JJBOhWMn1njAtW6eJeqGxJg6fq74mECK1HIrCdgpiBnvcm4n9eMza9y1bCZBQbkHS2qBdzbEI8yQZ3mQJq+MgSQhWzt2I6IIpQYxPM2hC8+ZcXSe2k6J0Xz25P86VyGkcGHaIjdIw8dIFK6AZVUBVR9ICe0At6dR6dZ+fNeZ+1LjnpzAH6A+fjGwqLnMM=</latexit>

✏Bµ⌫F 0
µ⌫

Fermion portal

Scalar portal

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
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Daniele Barducci - University & INFN Pisa

Vector portal 
<latexit sha1_base64="zMGYFsXiAI1EnB4sBZUrT3RqC6k=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAh4Crvi6xgiiMcI5gHZJMxOOsmQmdllZlYIS77Ai7/ixYMiXj1782+cJCtoYkFDUdVNd1cQcaaN6345S8srq2vrmY3s5tb2zm5ub7+mw1hRqNKQh6oREA2cSagaZjg0IgVEBBzqwfBq4tfvQWkWyjsziqAlSF+yHqPEWKmTK/gQacZDicvtxBexL+Mxvm77kWICOj9KJ5d3i+4UeJF4KcmjFJVO7tPvhjQWIA3lROum50amlRBlGOUwzvqxhojQIelD01JJBOhWMn1njAtW6eJeqGxJg6fq74mECK1HIrCdgpiBnvcm4n9eMza9y1bCZBQbkHS2qBdzbEI8yQZ3mQJq+MgSQhWzt2I6IIpQYxPM2hC8+ZcXSe2k6J0Xz25P86VyGkcGHaIjdIw8dIFK6AZVUBVR9ICe0At6dR6dZ+fNeZ+1LjnpzAH6A+fjGwqLnMM=</latexit>

✏Bµ⌫F 0
µ⌫

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

• A            there is a special case, the axion portal

<latexit sha1_base64="vs/w3QTxp79AcnoogdnZ6j2KtkQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURX8uiUFxWsA9oYphMJu3QySTMTIQS8g9u/BU3LhRx68adf+O0jaCtBy4czrmXe+/xE0alsqwvo7SwuLS8Ul6trK1vbG6Z2zttGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjDq7HfuSdC0pjfqlFC3Aj1OQ0pRkpLnnnkhALhDOVZ6KEcNrzMiVKHpzl0FGUBgY27H8Uzq1bNmgDOE7sgVVCg6ZmfThDjNCJcYYak7NlWotwMCUUxI3nFSSVJEB6iPulpylFEpJtNfsrhgVYCGMZCF1dwov6eyFAk5SjydWeE1EDOemPxP6+XqvDCzShPUkU4ni4KUwZVDMcBwYAKghUbaYKwoPpWiAdIh6R0jBUdgj378jxpH9fss9rpzUm1flnEUQZ7YB8cAhucgzq4Bk3QAhg8gCfwAl6NR+PZeDPep60lo5jZBX9gfHwD2r2eyQ==</latexit> a

fa
Fµ⌫ F̃

µ⌫

<latexit sha1_base64="qViXQCE53o6c8bevGKPqAFSl6t8=">AAAB6nicbVDLSgNBEOyJrxhfUY9eBoPgKexKfJwk6MVjRPOAZAmzs7PJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7y08E18ZxvlFhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6vhEM8ElaxpuBOskipHIF6ztj26nfvuJKc1j+WjGCfMiMpA85JQYKz0E17V+ueJUnRnwMnFzUoEcjX75qxfENI2YNFQQrbuukxgvI8pwKtik1Es1SwgdkQHrWipJxLSXzU6d4BOrBDiMlS1p8Ez9PZGRSOtx5NvOiJihXvSm4n9eNzXhlZdxmaSGSTpfFKYCmxhP/8YBV4waMbaEUMXtrZgOiSLU2HRKNgR38eVl0jqruhfV8/tapX6Tx1GEIziGU3DhEupwBw1oAoUBPMMrvCGBXtA7+pi3FlA+cwh/gD5/AMLQjXg=</latexit>

d > 4

<latexit sha1_base64="SNSk7itDcKYiPFhM1kSGRkg3nNE=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwK4jGCWTAzhp5OT9Kkp2foRQhD/sKLB0W8+jfe/Bs7yRw08UHB470qquqFKWdKu+63U1haXlldK66XNja3tnfKu3tNlRhJaIMkPJHtECvKmaANzTSn7VRSHIectsLh9cRvPVGpWCLu9SilQYz7gkWMYG2lh5vHzI+NL8y4W664VXcKtEi8nFQgR71b/vJ7CTExFZpwrFTHc1MdZFhqRjgdl3yjaIrJEPdpx1KBY6qCbHrxGB1ZpYeiRNoSGk3V3xMZjpUaxaHtjLEeqHlvIv7ndYyOLoOMidRoKshsUWQ40gmavI96TFKi+cgSTCSztyIywBITbUMq2RC8+ZcXSfOk6p1Xz+5OK7WrPI4iHMAhHIMHF1CDW6hDAwgIeIZXeHOU8+K8Ox+z1oKTz+zDHzifP8d3kQE=</latexit>

Fµ⌫
<latexit sha1_base64="zMGYFsXiAI1EnB4sBZUrT3RqC6k=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAh4Crvi6xgiiMcI5gHZJMxOOsmQmdllZlYIS77Ai7/ixYMiXj1782+cJCtoYkFDUdVNd1cQcaaN6345S8srq2vrmY3s5tb2zm5ub7+mw1hRqNKQh6oREA2cSagaZjg0IgVEBBzqwfBq4tfvQWkWyjsziqAlSF+yHqPEWKmTK/gQacZDicvtxBexL+Mxvm77kWICOj9KJ5d3i+4UeJF4KcmjFJVO7tPvhjQWIA3lROum50amlRBlGOUwzvqxhojQIelD01JJBOhWMn1njAtW6eJeqGxJg6fq74mECK1HIrCdgpiBnvcm4n9eMza9y1bCZBQbkHS2qBdzbEI8yQZ3mQJq+MgSQhWzt2I6IIpQYxPM2hC8+ZcXSe2k6J0Xz25P86VyGkcGHaIjdIw8dIFK6AZVUBVR9ICe0At6dR6dZ+fNeZ+1LjnpzAH6A+fjGwqLnMM=</latexit>

✏Bµ⌫F 0
µ⌫

Fermion portal

Scalar portal

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

Axion portal
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Daniele Barducci - University & INFN Pisa

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

19

<latexit sha1_base64="j+AYqXnnY+kyEu2xBLd/KrCzvjY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidox68RjBLJCMoadTkzTp6Rm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jCZXmsbw3wwT9iPYkDzmjxkrNq4d2oniEnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyb3jsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxs+TLlfIjBhaQpni9lbC+lRRZmxEBRuCN//yIqmflL3z8tndaalyPYsjDwdwCMfgwQVU4BaqUAMGAp7hFd6cR+fFeXc+pq05ZzazD3/gfP4A8MaP7A==</latexit>

A0



Daniele Barducci - University & INFN Pisa

• New abelian gauge boson from a              gauge group
<latexit sha1_base64="dIDa7RSDAeSzKhUESL4H4NyWy30="></latexit>

L = LSM � 1

4
A0

µ⌫A
0µ⌫ +

✏

2
Bµ⌫A0

µ⌫ � 1

2
m2

A0A0
µA

0µ

<latexit sha1_base64="1/sMGnCWSxJmVAZ6eQFjp6gLjHs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGcJNAsoTZ2dlkzOzMMjMrhCX/4MWDIl79H2/+jZPHQRMLGoqqbrq7wpQzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaZItQnkkvVDrGmnAnqG2Y4baeK4iTktBUObyd+64kqzaR4MKOUBgnuCxYzgo2Vmn7VO+1FvXLFrblToGXizUkF5mj0yl/dSJIsocIQjrXueG5qghwrwwin41I30zTFZIj7tGOpwAnVQT69doxOrBKhWCpbwqCp+nsix4nWoyS0nQk2A73oTcT/vE5m4usgZyLNDBVktijOODISTV5HEVOUGD6yBBPF7K2IDLDCxNiASjYEb/HlZdI8q3mXtYv780r9Zh5HEY7gGKrgwRXU4Q4a4AOBR3iGV3hzpPPivDsfs9aCM585hD9wPn8AXUOOWg==</latexit>

U(1)d

- Massless dark photons doesn’t interact with the SM at  [Dobrescu 0411004]

- Different origins for          can modify cosmological history<latexit sha1_base64="YAMU45XavFneAm6/ykqrluaa1S8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XVjcsK9gGdsWTStA1NMiHJCGXob7hxoYhbf8adf2PazkKrBy4czrmXe++JFWfG+v6XV1haXlldK66XNja3tnfKu3tNk6Sa0AZJeKLbMTaUM0kblllO20pTLGJOW/HoZuq3Hqk2LJH3dqxoJPBAsj4j2DopFN3s6iFUmgk66ZYrftWfAf0lQU4qkKPeLX+GvYSkgkpLODamE/jKRhnWlhFOJ6UwNVRhMsID2nFUYkFNlM1unqAjp/RQP9GupEUz9edEhoUxYxG7ToHt0Cx6U/E/r5Pa/mWUMalSSyWZL+qnHNkETQNAPaYpsXzsCCaauVsRGWKNiXUxlVwIweLLf0nzpBqcV8/uTiu16zyOIhzAIRxDABdQg1uoQwMIKHiCF3j1Uu/Ze/Pe560FL5/Zh1/wPr4BQbaR2A==</latexit>mA0 [Redi & Tesi 2204.14274]

- Massive dark photon can be DM if light and non thermal

20

[Fayet ’80, Okun ’82, Holdom ’86]

Vector portal - the dark photon

<latexit sha1_base64="b/St7/Jk7D3XJw+0IwZECuwPBQ8=">AAAB6nicbVDLSgNBEOyJrxhfUY9eBoPgKexKfFyEoBePEc0DkiXMzs4mQ2Znl5lZISz5BC8eFPHqF3nzb5wke9DEgoaiqpvuLj8RXBvH+UaFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+u0npjSP5aMZJ8yLyEDykFNirPQQXNf65YpTdWbAy8TNSQVyNPrlr14Q0zRi0lBBtO66TmK8jCjDqWCTUi/VLCF0RAasa6kkEdNeNjt1gk+sEuAwVrakwTP190RGIq3HkW87I2KGetGbiv953dSEV17GZZIaJul8UZgKbGI8/RsHXDFqxNgSQhW3t2I6JIpQY9Mp2RDcxZeXSeus6l5Uz+9rlfpNHkcRjuAYTsGFS6jDHTSgCRQG8Ayv8IYEekHv6GPeWkD5zCH8Afr8AcFLjXc=</latexit>

d = 4

[Nelson+ 1105.2812, Arias+ 1201.5902]
or produced during inflation [Graham+ 1504.02102, Nakai+ 2004.10743]



Daniele Barducci - University & INFN Pisa

<latexit sha1_base64="XfwCK5zZDdPU0ydowFOpTzy/11w=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVw16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDzjGM9A==</latexit>

f

<latexit sha1_base64="+jb0w3krGYNq47HaRhcJSkUIQh8=">AAAB7XicbVC7TgMxEFyHVwivACWNRYREFd0hXmUEDWWQyENKTpHP8SUmPvtk+5CiU/6BhgKEaPkfOv4GJ7kCEqYazexqZydMBDfW875RYWV1bX2juFna2t7Z3SvvHzSNSjVlDaqE0u2QGCa4ZA3LrWDtRDMSh4K1wtHt1G89MW24kg92nLAgJgPJI06JdVKzGxKNo1654lW9GfAy8XNSgRz1Xvmr21c0jZm0VBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4KknMTJDN0k7wiVP6OFLusJIWz9TfGxmJjRnHoZuMiR2aRW8q/ud1UhtdBxmXSWqZpPNDUSqwVXj6Ou5zzagVY0cI1dxlxXRINKHWFVRyJfiLLy+T5lnVv6xe3J9Xajd5HUU4gmM4BR+uoAZ3UIcGUHiEZ3iFN6TQC3pHH/PRAsp3DuEP0OcPHLSO1w==</latexit>

f̄

• New abelian gauge boson from a              gauge group
<latexit sha1_base64="dIDa7RSDAeSzKhUESL4H4NyWy30="></latexit>

L = LSM � 1

4
A0

µ⌫A
0µ⌫ +

✏

2
Bµ⌫A0

µ⌫ � 1

2
m2

A0A0
µA

0µ

<latexit sha1_base64="1/sMGnCWSxJmVAZ6eQFjp6gLjHs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGcJNAsoTZ2dlkzOzMMjMrhCX/4MWDIl79H2/+jZPHQRMLGoqqbrq7wpQzbVz32ymsrK6tbxQ3S1vbO7t75f2DppaZItQnkkvVDrGmnAnqG2Y4baeK4iTktBUObyd+64kqzaR4MKOUBgnuCxYzgo2Vmn7VO+1FvXLFrblToGXizUkF5mj0yl/dSJIsocIQjrXueG5qghwrwwin41I30zTFZIj7tGOpwAnVQT69doxOrBKhWCpbwqCp+nsix4nWoyS0nQk2A73oTcT/vE5m4usgZyLNDBVktijOODISTV5HEVOUGD6yBBPF7K2IDLDCxNiASjYEb/HlZdI8q3mXtYv780r9Zh5HEY7gGKrgwRXU4Q4a4AOBR3iGV3hzpPPivDsfs9aCM585hD9wPn8AXUOOWg==</latexit>

U(1)d

• The dark photon inherits a coupling to the SM currents

<latexit sha1_base64="mhtxhkQ5hUY9wYNzODX3zQ50yDc=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAILrTMiJcui25ctmAvMB1KJj3ThmYyQ5IRytBXceOruHGhSHfiy5i2I2jrgcDH/5+TnPx+zJnStv1p5VZW19Y38puFre2d3b3i/kFTRYmk0KARj2TbJwo4E9DQTHNoxxJI6HNo+cO7qd96BKlYJB70KAYvJH3BAkaJNlK3WEk7s0tc2fe91C7bszpbgvE54A7EivFI4Ho3GHeLpR8PL4OTQQllVesWJ51eRJMQhKacKOU6dqy9lEjNKIdxoZMoiAkdkj64BgUJQXnpbLkxPjFKDweRNEdoPFN/T6QkVGoU+qYzJHqgFr2p+J/nJjqoeCkTcaJB0PlDQcKxjvA0LtxjEqjmIwOESmZ2xXRAJKHahFowITiLX16G5kXZuS5f1S9L1dssjjw6QsfoFDnoBlXRPaqhBqLoCb2gN/RuPVuv1oc1mbfmrGzmEP0p6+sbWEWfUw==</latexit>

�e✏Qf

- Massless dark photons doesn’t interact with the SM at  [Dobrescu 0411004]

- Different origins for          can modify cosmological history<latexit sha1_base64="YAMU45XavFneAm6/ykqrluaa1S8=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XVjcsK9gGdsWTStA1NMiHJCGXob7hxoYhbf8adf2PazkKrBy4czrmXe++JFWfG+v6XV1haXlldK66XNja3tnfKu3tNk6Sa0AZJeKLbMTaUM0kblllO20pTLGJOW/HoZuq3Hqk2LJH3dqxoJPBAsj4j2DopFN3s6iFUmgk66ZYrftWfAf0lQU4qkKPeLX+GvYSkgkpLODamE/jKRhnWlhFOJ6UwNVRhMsID2nFUYkFNlM1unqAjp/RQP9GupEUz9edEhoUxYxG7ToHt0Cx6U/E/r5Pa/mWUMalSSyWZL+qnHNkETQNAPaYpsXzsCCaauVsRGWKNiXUxlVwIweLLf0nzpBqcV8/uTiu16zyOIhzAIRxDABdQg1uoQwMIKHiCF3j1Uu/Ze/Pe560FL5/Zh1/wPr4BQbaR2A==</latexit>mA0 [Redi & Tesi 2204.14274]

• Simple pheno, two dimensional parameter space                - Good for exp. searches
• Coupling to DM adds                 - Invisible decay channels <latexit sha1_base64="avu3qM2/KoWTK/fUpokP8CT4IL4=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm2ARXEhJxBu4KbpxWcFeoAlhMp20Q2cmYWYi1NAnceNCEbc+ijvfxmmbhbb+MPDxn3M4Z/4oZVRp1/22lpZXVtfWSxvlza3tnYq9u9dSSSYxaeKEJbITIUUYFaSpqWakk0qCeMRIOxreTurtRyIVTcSDHqUk4KgvaEwx0sYK7Uo/9PGAnvjXfAqhXXVr7lTOIngFVKFQI7S//F6CM06Exgwp1fXcVAc5kppiRsZlP1MkRXiI+qRrUCBOVJBPDx87R8bpOXEizRPambq/J3LElRrxyHRypAdqvjYx/6t1Mx1fBTkVaaaJwLNFccYcnTiTFJwelQRrNjKAsKTmVgcPkERYm6zKJgRv/suL0DqteRe18/uzav2miKMEB3AIx+DBJdThDhrQBAwZPMMrvFlP1ov1bn3MWpesYmYf/sj6/AEcYZLA</latexit>g�, m�

- Massive dark photon can be DM if light and non thermal

21

[Fayet ’80, Okun ’82, Holdom ’86]

<latexit sha1_base64="bLuZHZt5hEBa3vmkLisV6/QTJ6Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XVjcsK9gGdsWTSTBuaZEKSEUrpb7hxoYhbf8adf2PazkKrBy4czrmXe++JFWfG+v6XV1haXlldK66XNja3tnfKu3tNk2aa0AZJearbMTaUM0kblllO20pTLGJOW/HwZuq3Hqk2LJX3dqRoJHBfsoQRbJ0UXj2ESjNBu6HIuuWKX/VnQH9JkJMK5Kh3y59hLyWZoNISjo3pBL6y0Rhrywink1KYGaowGeI+7TgqsaAmGs9unqAjp/RQkmpX0qKZ+nNijIUxIxG7ToHtwCx6U/E/r5PZ5DIaM6kySyWZL0oyjmyKpgGgHtOUWD5yBBPN3K2IDLDGxLqYSi6EYPHlv6R5Ug3Oq2d3p5XadR5HEQ7gEI4hgAuowS3UoQEEFDzBC7x6mffsvXnv89aCl8/swy94H98FbJGx</latexit>

A0
µ

Vector portal - the dark photon

<latexit sha1_base64="7RgvR1OKOkz5R5uEM3xHku1HfMw=">AAACAnicbVDLSsNAFJ3UV62vqitxM1gEF1IS8bWsunFZwT6giWUyvW2HziRhZlIoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+/xI86Utu1vK7ewuLS8kl8trK1vbG4Vt3fqKowlhRoNeSibPlHAWQA1zTSHZiSBCJ9Dwx/cpH5jCFKxMLjXowg8QXoB6zJKtJHaxT3RTq4e3EgyAeNj7A6JhEgxnnolu2xPgOeJk5ESylBtF7/cTkhjAYGmnCjVcuxIewmRmlEO44IbK4gIHZAetAwNiADlJZMXxvjQKB3cDaWpQOOJ+nsiIUKpkfBNpyC6r2a9VPzPa8W6e+klLIhiDQGdLurGHOsQp3ngDpNANR8ZQqhk5lZM+0QSqk1qBROCM/vyPKmflJ3z8tndaalyncWRR/voAB0hB12gCrpFVVRDFD2iZ/SK3qwn68V6tz6mrTkrm9lFf2B9/gBqDZd2</latexit>mA0 , "

<latexit sha1_base64="b/St7/Jk7D3XJw+0IwZECuwPBQ8=">AAAB6nicbVDLSgNBEOyJrxhfUY9eBoPgKexKfFyEoBePEc0DkiXMzs4mQ2Znl5lZISz5BC8eFPHqF3nzb5wke9DEgoaiqpvuLj8RXBvH+UaFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+u0npjSP5aMZJ8yLyEDykFNirPQQXNf65YpTdWbAy8TNSQVyNPrlr14Q0zRi0lBBtO66TmK8jCjDqWCTUi/VLCF0RAasa6kkEdNeNjt1gk+sEuAwVrakwTP190RGIq3HkW87I2KGetGbiv953dSEV17GZZIaJul8UZgKbGI8/RsHXDFqxNgSQhW3t2I6JIpQY9Mp2RDcxZeXSeus6l5Uz+9rlfpNHkcRjuAYTsGFS6jDHTSgCRQG8Ayv8IYEekHv6GPeWkD5zCH8Afr8AcFLjXc=</latexit>

d = 4

[Nelson+ 1105.2812, Arias+ 1201.5902]
or produced during inflation [Graham+ 1504.02102, Nakai+ 2004.10743]

Massive dark photon

• Dark photons can be produced as normal photons
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• Search strategies depend on the dark photon decay mode
<latexit sha1_base64="/VSJQr28hGmrkcXEO0A/L/O7D9s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpvsBN0Y0boYJ9QBPCZHrbDp1J4sxEKKG48VfcuFDErV/hzr9x+lho64ELh3Pu5d57woQzpR3n28otLC4tr+RXC2vrG5tb9vZOXcWppFCjMY9lMyQKOIugppnm0EwkEBFyaIT9q5HfeACpWBzd6UECviDdiHUYJdpIgb1XxiIA7Ckm4B673kXmSYFvoD4M7KJTcsbA88SdkiKaohrYX147pqmASFNOlGq5TqL9jEjNKIdhwUsVJIT2SRdahkZEgPKz8QtDfGiUNu7E0lSk8Vj9PZERodRAhKZTEN1Ts95I/M9rpbpz7mcsSlINEZ0s6qQc6xiP8sBtJoFqPjCEUMnMrZj2iCRUm9QKJgR39uV5Ui+X3NPSye1xsXI5jSOP9tEBOkIuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxac9Z0Zhf9gfX5AzhTlhA=</latexit>

2me ' 1 MeV

<latexit sha1_base64="+mmmZRNnT0s9v6cywSJ6CtClpMQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l0ocsK9gFJKJPppB06kwkzE6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89UcqZNq777ZRWVtfWN8qbla3tnd296v5BW8tMEdoikkvVjbCmnCW0ZZjhtJsqikXEaSca3U79zhNVmsnk0YxTGgo8SFjMCDZW8oM7LARGgWaiV625dXcGtEy8gtSgQLNX/Qr6kmSCJoZwrLXvuakJc6wMI5xOKkGmaYrJCA+ob2mCBdVhPjt5gk6s0kexVLYSg2bq74kcC63HIrKdApuhXvSm4n+en5n4OsxZkmaGJmS+KM44MhJN/0d9pigxfGwJJorZWxEZYoWJsSlVbAje4svLpH1W9y7rFw/ntcZNEUcZjuAYTsGDK2jAPTShBQQkPMMrvDnGeXHenY95a8kpZg7hD5zPH87EkPY=</latexit>

� ⇠Visible dark photon
Invisible decay  

or stable

<latexit sha1_base64="+mmmZRNnT0s9v6cywSJ6CtClpMQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l0ocsK9gFJKJPppB06kwkzE6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89UcqZNq777ZRWVtfWN8qbla3tnd296v5BW8tMEdoikkvVjbCmnCW0ZZjhtJsqikXEaSca3U79zhNVmsnk0YxTGgo8SFjMCDZW8oM7LARGgWaiV625dXcGtEy8gtSgQLNX/Qr6kmSCJoZwrLXvuakJc6wMI5xOKkGmaYrJCA+ob2mCBdVhPjt5gk6s0kexVLYSg2bq74kcC63HIrKdApuhXvSm4n+en5n4OsxZkmaGJmS+KM44MhJN/0d9pigxfGwJJorZWxEZYoWJsSlVbAje4svLpH1W9y7rFw/ntcZNEUcZjuAYTsGDK2jAPTShBQQkPMMrvDnGeXHenY95a8kpZg7hD5zPH87EkPY=</latexit>

� ⇠
The dark-photon can be long lived

Beam-dump 

Small  
            Light    

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="j+AYqXnnY+kyEu2xBLd/KrCzvjY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidox68RjBLJCMoadTkzTp6Rm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jCZXmsbw3wwT9iPYkDzmjxkrNq4d2oniEnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyb3jsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxs+TLlfIjBhaQpni9lbC+lRRZmxEBRuCN//yIqmflL3z8tndaalyPYsjDwdwCMfgwQVU4BaqUAMGAp7hFd6cR+fFeXc+pq05ZzazD3/gfP4A8MaP7A==</latexit>

A0
   Collider 

 Higher  
              

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="j+AYqXnnY+kyEu2xBLd/KrCzvjY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidox68RjBLJCMoadTkzTp6Rm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jCZXmsbw3wwT9iPYkDzmjxkrNq4d2oniEnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyb3jsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxs+TLlfIjBhaQpni9lbC+lRRZmxEBRuCN//yIqmflL3z8tndaalyPYsjDwdwCMfgwQVU4BaqUAMGAp7hFd6cR+fFeXc+pq05ZzazD3/gfP4A8MaP7A==</latexit>

A0

<latexit sha1_base64="90StXTFg+X6DvPUu1twT3Do69Rs="></latexit>

Llab ⇠ 0.1 m

✓
100 MeV

mA0

◆2 ✓10�5

✏

◆2 ✓
EA0

GeV

◆
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Heavier
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Visible final states
<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�
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• Search for bumps in           invariant mass 
<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�
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DY / direct 
production

<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�
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• Search for bumps in           invariant mass 
<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�

Visible final states

[Fabbrichesi+ 2005.01515]
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Beam-dump

DY / direct 
production

<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�

25

• Search for bumps in           invariant mass 
<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�

Visible final states

[Fabbrichesi+ 2005.01515]



Daniele Barducci - University & INFN Pisa

Future collider 
limits

Forward LHC  
facilities

Proposed & planned 
beam dumps

<latexit sha1_base64="Iu3C8nBfo+Ej5zmfoXMN60L911c=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuM+FpW3bisYB/QmZZMetuGJjNDkhHKUHDjr7hxoYhbf8Kdf2PazkKrB0IO59xLck4Qc6a043xZubn5hcWl/HJhZXVtfcPe3KqpKJEUqjTikWwERAFnIVQ10xwasQQiAg71YHA99uv3IBWLwjs9jMEXpBeyLqNEG6lt71y2vFgyAdjTEfaA89bh9Dpq20Wn5EyA/xI3I0WUodK2P71ORBMBoaacKNV0nVj7KZGaUQ6jgpcoiAkdkB40DQ2JAOWnkwwjvG+UDu5G0pxQ44n6cyMlQqmhCMykILqvZr2x+J/XTHT3wk9ZGCcaQjp9qJtwbOKOC8EdJoFqPjSEUMnMXzHtE0moNrUVTAnubOS/pHZccs9Kp7cnxfJVVkce7aI9dIBcdI7K6AZVUBVR9ICe0At6tR6tZ+vNep+O5qxsZxv9gvXxDV1NlrY=</latexit>

A0 ! `+`�
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Visible final states

[Fabbrichesi+ 2005.01515]



Daniele Barducci - University & INFN Pisa

• Search for missing energy, missing momentum, missing mass…

• For smaller                            strong bound from astrophysics and cosmology 
<latexit sha1_base64="r8xRFEJYZ5SmiZ8BG2eCEOHLuBI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiTiC9xU3bgRKtgHNLFMprft0JkkzEyEErJ346+4caGIW3/AnX/j9LHQ1gMXDufcy733BDFnSjvOt5VbWFxaXsmvFtbWNza37O2duooSSaFGIx7JZkAUcBZCTTPNoRlLICLg0AgGVyO/8QBSsSi808MYfEF6IesySrSR2nZRtNOLey+WTECGPQ5KKSaw652nnhT4BupZ2y45ZWcMPE/cKSmhKapt+8vrRDQREGrKiVIt14m1nxKpGeWQFbxEQUzogPSgZWhIBCg/Hf+S4X2jdHA3kqZCjcfq74mUCKWGIjCdgui+mvVG4n9eK9HdMz9lYZxoCOlkUTfhWEd4FAzuMAlU86EhhEpmbsW0TySh2sRXMCG4sy/Pk/ph2T0pH98elSqX0zjyaA8V0QFy0SmqoGtURTVE0SN6Rq/ozXqyXqx362PSmrOmM7voD6zPH2URmqQ=</latexit>

mA0 . 1 MeV

Invisible final states
<latexit sha1_base64="FaNxkdTTPSPBUQ5fi9hHToHQKD0=">AAAB/3icbVC7TsMwFL0pr1JeASQWFosKialKEK+xwMJYJPqQmlA5rtNatZPIdpCq0IFfYWEAIVZ+g42/wU07QMuRbB2dc6/uvSdIOFPacb6twsLi0vJKcbW0tr6xuWVv7zRUnEpC6yTmsWwFWFHOIlrXTHPaSiTFIuC0GQyux37zgUrF4uhODxPqC9yLWMgI1kbq2HuX914imaDI0zHySJ/lX8cuOxUnB5on7pSUYYpax/7yujFJBY004Viptusk2s+w1IxwOip5qaIJJgPco21DIyyo8rN8/xE6NEoXhbE0L9IoV393ZFgoNRSBqRRY99WsNxb/89qpDi/8jEVJqmlEJoPClCNz6jgM1GWSEs2HhmAimdkVkT6WmGgTWcmE4M6ePE8axxX3rHJ6e1KuXk3jKMI+HMARuHAOVbiBGtSBwCM8wyu8WU/Wi/VufUxKC9a0Zxf+wPr8AenelWg=</latexit>

A0 ! ��
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Babar

[Fabbrichesi+ 2005.01515]
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Daniele Barducci - University & INFN Pisa

Fermion portal - the sterile neutrino

• A new fermion singlet can account for non zero neutrino masses

<latexit sha1_base64="iTuedZx8TrrHMSmu5Qh6iAhes6o=">AAACE3icbZDJSgNBEIZ74hbjNurRS2EQRCHMBLdj0EsOGiKYBTIx9HR6kiY9C909QhjmHbz4Kl48KOLVizffxs5y0MQfGj7+qqK6fjfiTCrL+jYyC4tLyyvZ1dza+sbmlrm9U5dhLAitkZCHouliSTkLaE0xxWkzEhT7LqcNd3A1qjceqJAsDO7UMKJtH/cC5jGClbY65lHiEMzhGlJwJPNhqLEMFTgGxxOYJHaaFFO4gcp9sWPmrYI1FsyDPYU8mqraMb+cbkhinwaKcCxly7Yi1U6wUIxwmuacWNIIkwHu0ZbGAPtUtpPxTSkcaKcLXij0CxSM3d8TCfalHPqu7vSx6svZ2sj8r9aKlXfRTlgQxYoGZLLIizmoEEYBQZcJShQfasBEMP1XIH2ss1A6xpwOwZ49eR7qxYJ9Vji9PcmXLqdxZNEe2keHyEbnqITKqIpqiKBH9Ixe0ZvxZLwY78bHpDVjTGd20R8Znz8YW5sq</latexit>

L ⇠ yLHN +
1

2
MN

2 <latexit sha1_base64="ei/BKgOYbIGVYBjkTTyenYpHkNE=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwISURX8uiG1dSwT6gCWEynbRDZyZhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d574oxRpT3v21laXlldWy9tlDe3tncq7u5eS6VGYtLEKUtlJ0aKMCpIU1PNSCeTBPGYkXY8vJn47UciFU3Fgx5lJOSoL2hCMdJWitwKj/JAmJO7MQwU5TByq17NmwIuEr8gVVCgEblfQS/FhhOhMUNKdX0v02GOpKaYkXE5MIpkCA9Rn3QtFYgTFebTw8fwyCo9mKTSltBwqv6eyBFXasRj28mRHqh5byL+53WNTq7CnIrMaCLwbFFiGNQpnKQAe1QSrNnIEoQltbdCPEASYW2zKtsQ/PmXF0nrtOZf1M7vz6r16yKOEjgAh+AY+OAS1MEtaIAmwMCAZ/AK3pwn58V5dz5mrUtOMbMP/sD5/AEBq5Kt</latexit>m⌫,N ⇠
<latexit sha1_base64="MIVVbeni8QEUL/kwcti/jz/xdeE=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqibF17Loxo1QwT4gjWUynbRDJ5kwMymE0M9w40IRt36NO//GaZuFth64cDjnXu69x485U9q2v63Cyura+kZxs7S1vbO7V94/aCmRSEKbRHAhOz5WlLOINjXTnHZiSXHoc9r2R7dTvz2mUjERPeo0pl6IBxELGMHaSG76VENjU2fovleu2FV7BrRMnJxUIEejV/7q9gVJQhppwrFSrmPH2suw1IxwOil1E0VjTEZ4QF1DIxxS5WWzkyfoxCh9FAhpKtJopv6eyHCoVBr6pjPEeqgWvan4n+cmOrj2MhbFiaYRmS8KEo60QNP/UZ9JSjRPDcFEMnMrIkMsMdEmpZIJwVl8eZm0alXnsnrxcF6p3+RxFOEIjuEUHLiCOtxBA5pAQMAzvMKbpa0X6936mLcWrHzmEP7A+vwBIhmP3Q==</latexit>

y2v2/M
<latexit sha1_base64="U12Mh/l+fY9arUZdybtd3pdPRIU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795hMqzSP5YMYx+iEdSN7njBor1e67xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuUmiyMPR3AMp+DBFVTgDqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP6hNjNs=</latexit>

M

• Sterile neutrino interacts with the SM via mixing

<latexit sha1_base64="dRHKaLlpdiMOqmAf3EzpvaakJvs=">AAACJ3icbVBNS8NAEN3U7/pV9ehlsQieSiJ+nUT04kkq2Co0JWy2m3bp7ibuTgol5N948a94EVREj/4Tt00PWn0w8Hhvhpl5YSK4Adf9dEozs3PzC4tL5eWV1bX1ysZm08SppqxBYxHru5AYJrhiDeAg2F2iGZGhYLdh/2Lk3w6YNjxWNzBMWFuSruIRpwSsFFROfegxINg3XGI/0oRmQzzIMxlc5YVm7jVkhSMDX6WFl2NfCOwFlapbc8fAf4k3IVU0QT2ovPidmKaSKaCCGNPy3ATaGdHAqWB52U8NSwjtky5rWaqIZKadjf/M8a5VOjiKtS0FeKz+nMiINGYoQ9spCfTMtDcS//NaKUQn7YyrJAWmaLEoSgWGGI9Cwx2uGQUxtIRQze2tmPaIjQRstGUbgjf98l/S3K95R7XD64Pq2fkkjkW0jXbQHvLQMTpDl6iOGoiiB/SEXtGb8+g8O+/OR9FaciYzW+gXnK9vx2enHg==</latexit>

✓ ⇠ yv

mN
⇠

r
m⌫

mN
⌧ 1

• Suppressed interaction with the SM model

Small production rates

Lab decay length can be macroscopic

<latexit sha1_base64="mray23z/RXnCen8VP77DPD8mAO0="></latexit>

� ⇠ 1

192⇡3
✓2

m5
N

m4
W

Sterile neutrino portal is the ideal dark sector prototype

29

[Minkowsky ’77, Yanagida ’79, Mohapatra+ ’80]

<latexit sha1_base64="sres4w/iJqp9iwCOiOia1hboKNA="></latexit>

Llab ⇠ 5 m

✓
GeV

mN

◆6 ✓10�2

✓

◆2
EN

10 GeV



Daniele Barducci - University & INFN Pisa

Meson decay

• Sterile neutrinos are produced in processes with an active neutrino, with a       rescaling
<latexit sha1_base64="urPTZrXvTHahP2+QEhS9CTfyOTE=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dM5JHASmaHASbMzq4zvSZkw0948aAxXv0db/6NA+xBwUo6qVR1p7sriKUw6LrfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpFuBdRwKRSvo0DJW7HmNAwkbwajm6nffOLaiEjd4zjmfkgHSvQFo2ilVgeHHOlDpVssuWV3BrJMvIyUIEOtW/zq9CKWhFwhk9SYtufG6KdUo2CSTwqdxPCYshEd8Laliobc+Ons3gk5sUqP9CNtSyGZqb8nUhoaMw4D2xlSHJpFbyr+57UT7F/5qVBxglyx+aJ+IglGZPo86QnNGcqxJZRpYW8lbEg1ZWgjKtgQvMWXl0mjUvYuyud3Z6XqdRZHHo7gGE7Bg0uowi3UoA4MJDzDK7w5j86L8+58zFtzTjZzCH/gfP4A0KaP1g==</latexit>

✓2

• Production mode and search strategy depend on the mass and decay pattern

Direct production

<latexit sha1_base64="r/qM9JvvsMb7AIn0l3v6EfsNSqk=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQSiJ+FoW3QiCVLAPaNIymU7aoZNJmJkIpXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJJwp7Tjf1tz8wuLScm4lv7q2vrFpb21XVZxKQisk5rGsB1hRzgStaKY5rSeS4ijgtBb0rkZ+7YFKxWJxr/sJ9SPcESxkBGsjtezdm+YR8nSMvIQ1HeRRzo1w27ILTtEZA80SNyMFyFBu2V9eOyZpRIUmHCvVcJ1E+wMsNSOcDvNeqmiCSQ93aMNQgSOq/MH4/iE6MEobhbE0JTQaq78nBjhSqh8FpjPCuqumvZH4n9dIdXjhD5hIUk0FmSwKU47Mv6MwUJtJSjTvG4KJZOZWRLpYYqJNZHkTgjv98iypHhfds+Lp3UmhdJnFkYM92IdDcOEcSnANZagAgUd4hld4s56sF+vd+pi0zlnZzA78gfX5A0D/lFc=</latexit>

K+ ! ⇡0`+N• Or

• Mass reach limited by meson mass

• High-intensity at beam-dump

• Allow to test higher masses

• Sensitive to larger mixings

• Possible sensitivity to longer 
lifetime with far facilities

30

<latexit sha1_base64="HGQXzouRFn3pIv8L0mTH0oqg8Ko=">AAAB6nicbVDJSgNBEK1xjXGLevTSGARBCDPidgx6EbxENAskY+jp1CRNenqG7h4hDPkELx4U8eoXefNv7CwHTXxQ8Hiviqp6QSK4Nq777SwsLi2vrObW8usbm1vbhZ3dmo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/61yO//oRK81g+mEGCfkS7koecUWOl+9vH43ah6JbcMcg88aakCFNU2oWvVidmaYTSMEG1bnpuYvyMKsOZwGG+lWpMKOvTLjYtlTRC7WfjU4fk0CodEsbKljRkrP6eyGik9SAKbGdETU/PeiPxP6+ZmvDSz7hMUoOSTRaFqSAmJqO/SYcrZEYMLKFMcXsrYT2qKDM2nbwNwZt9eZ7UTkreeens7rRYvprGkYN9OIAj8OACynADFagCgy48wyu8OcJ5cd6dj0nrgjOd2YM/cD5/AL+2jXY=</latexit>

K+
<latexit sha1_base64="k4rIPPd9So4f3/Z7wdcqUvoVKP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9I1jA76SRjZneWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIBZcG9f9dnJLyyura/n1wsbm1vZOcXevrmWiGNaYFFI1A6pR8AhrhhuBzVghDQOBjWB4M/EbT6g0l9G9GcXoh7Qf8R5n1Fip3kYhHk46xZJbdqcgi8TLSAkyVDvFr3ZXsiTEyDBBtW55bmz8lCrDmcBxoZ1ojCkb0j62LI1oiNpPp9eOyZFVuqQnla3IkKn6eyKlodajMLCdITUDPe9NxP+8VmJ6V37KozgxGLHZol4iiJFk8jrpcoXMiJEllClubyVsQBVlxgZUsCF48y8vkvpp2bson9+dlSrXWRx5OIBDOAYPLqECt1CFGjB4hGd4hTdHOi/Ou/Mxa8052cw+/IHz+QMtv47i</latexit>

`+

<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N

<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N

<latexit sha1_base64="rVTlh358EGAzE2sq6E8wKtk074A=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSATXxnW/ndzS8srqWn69sLG5tb1T3N2r6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwM/YbT6g0j+WDGSboR7QnecgZNVa6x8eTTrHklt0JyCLxZqQEM1Q7xa92N2ZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ5NTR+TIKl0SxsqWNGSi/p7IaKT1MApsZ0RNX897Y/E/r5Wa8MrPuExSg5JNF4WpICYm479JlytkRgwtoUxxeythfaooMzadgg3Bm395kdRPy95F+fzurFS5nsWRhwM4hGPw4BIqcAtVqAGDHjzDK7w5wnlx3p2PaWvOmc3swx84nz/nUo2Q</latexit>

e+
<latexit sha1_base64="gBF0ryM4EF2vZm+YuVm4B9HqzSc=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOJsmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wj26nfeuLaiFg94DjhQUQHSvQFo2ilth9STXyVdssVt+rOQJaJl5MK5Kh3y19+L2ZpxBUySY3peG6CQUY1Cib5pOSnhieUjeiAdyxVNOImyGb3TsiJVXqkH2tbCslM/T2R0ciYcRTazoji0Cx6U/E/r5Ni/zrIhEpS5IrNF/VTSTAm0+dJT2jOUI4toUwLeythQ6opQxtRyYbgLb68TJpnVe+yenF/Xqnd5HEU4QiO4RQ8uIIa3EEdGsBAwjO8wpvz6Lw4787HvLXg5DOH8AfO5w+0DY/E</latexit>

⌫̄



Daniele Barducci - University & INFN Pisa

Direct production

Beam-dump

Minimal see-saw 
model target
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[Physics beyond collider 1901.09966]



Daniele Barducci - University & INFN Pisa

• FASER + FASERv

32

[Physics beyond collider 1901.09966]



Daniele Barducci - University & INFN Pisa

• FASER + FASERv

Future lepton 
colliders

Long-lifetime 
Detectors

33

[Physics beyond collider 1901.09966]

Displaced off-axis 
detectors

Far-forward  
Detectors



Daniele Barducci - University & INFN Pisa

Faser & Faser-v experiments

• Exploit the large fluxes of forward particles produced at the LHC interaction points
• Search for LLP particles produced in vicinity of the IP point with lifetime of

IMPORTANT - FASER IS TAKING DATA NOW!!! 

• Around                of data collected at 13.6 TeV during 2022 running

• First analysis with limits on dark photons out in summer 2023

• Many phenomenological studies to test different dark portal theories

34

<latexit sha1_base64="s5A1uBDKLlzTLSckVBCCdfsa7eY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYk4gvcFN24s4J9QBPKZDpph85MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgoLi0vLK8XV0tr6xuaWvb3TVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsYXo/91gORikbiXo9i4nPUFzSkGGkjde291MOIwdus4jqOd5l6kkOeHXXtslN1JoDzxM1JGeSod+0vrxfhhBOhMUNKdVwn1n6KpKaYkazkJYrECA9Rn3QMFYgT5aeT+zN4aJQeDCNpSmg4UX9PpIgrNeKB6eRID9SsNxb/8zqJDi/8lIo40UTg6aIwYVBHcBwG7FFJsGYjQxCW1NwK8QBJhLWJrGRCcGdfnifN46p7Vj29OynXrvI4imAfHIAKcME5qIEbUAcNgMEjeAav4M16sl6sd+tj2lqw8pld8AfW5w/gmJS9</latexit>

O(100 m)

• Far detector at small polar angle 

<latexit sha1_base64="PXQScH99GTLLxmb+Z4kmul+CtqI=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgxpJIfYCbohuXFewDmlgm00k7dGYSZiZKifkUNy4UceuXuPNvnLZZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO3Z5t6WiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLqe+O0HIhWNxJ0ex8TnaCBoSDHSRurZ5ZrjXaae5DAMsvv02M16dsWpOlPAReLmpAJyNHr2l9ePcMKJ0JghpbquE2s/RVJTzEhW8hJFYoRHaEC6hgrEifLT6ekZPDRKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3ndRIcXfkpFnGgi8GxRmDCoIzjJAfapJFizsSEIS2puhXiIJMLapFUyIbjzLy+S1knVPaue3tYq9as8jiLYBwfgCLjgHNTBDWiAJsDgETyDV/BmPVkv1rv1MWstWPnMHvgD6/MH7ZyTKQ==</latexit>

40 fb�1



Daniele Barducci - University & INFN Pisa

[FASER 2308.05587]

Already testing 
unexplored regions

35



Daniele Barducci - University & INFN Pisa

• Sensitivity to ALP parameter space
<latexit sha1_base64="S81Vqkny7pg1tS9r3R5f2NfSifw="></latexit>

L ⇠ �1

2
m2

aa
2 � 1

4
ga��aF

µ⌫ F̃µ⌫

[Feng+ 1806.02348]
• Two main production process

Direct production in                       rare decay at the IP

Primakoff process                    at                  from the IP
<latexit sha1_base64="aE1Nn7SdpOJsR6XlH8QgCMLGmdQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGfC2LblxJBfuAzljupJk2NJkZkoxQhuLGX3HjQhG3foU7/8a0nYW2Hgg5nHMvyTlBwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrAEU5i2hdM81pK5EURMBpMxhcjf3mA5WKxdGdHibUF9CLWMgIaCN17D2vB0IAvsGejrG5771EMkFxq2OXnYozAZ4nbk7KKEetY3953ZikgkaacFCq7TqJ9jOQmhFORyUvVTQBMoAebRsagaDKzyYRRvjQKF0cxtKcSOOJ+nsjA6HUUARmUoDuq1lvLP7ntVMdXvgZi5JU04hMHwpTjk3acR+4yyQlmg8NASKZ+SsmfZBAtGmtZEpwZyPPk8ZxxT2rnN6elKuXeR1FtI8O0BFy0TmqomtUQ3VE0CN6Rq/ozXqyXqx362M6WrDynV30B9bnD0srlhk=</latexit>

�N ! aN 0X

Forward high-energy     scatter on absorber materials and radiates a LLP ALP<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

Exploits enormous forward cross-section at the LHC  p p > forward ~ 100 mb

Photon beam-dump

<latexit sha1_base64="NKZBqSoKuMhQEB0mISQEGs/TLB0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGfC2LblxWsA/ojOVOmmlDk5khyQhlKG78FTcuFHHrV7jzb0zbEbT1QMjhnHtJzgkSzpR2nC+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFsBKMpZROuaaU5biaQgAk6bweBq7DfvqVQsjm71MKG+gF7EQkZAG6lj73kJu3Owp2Ps9UAI+LmgY5edijMBniduTsooR61jf3rdmKSCRppwUKrtOon2M5CaEU5HJS9VNAEygB5tGxqBoMrPJhFG+NAoXRzG0pxI44n6eyMDodRQBGZSgO6rWW8s/ue1Ux1e+BmLklTTiEwfClOOTeBxH7jLJCWaDw0BIpn5KyZ9kEC0aa1kSnBnI8+TxnHFPauc3pyUq5d5HUW0jw7QEXLROaqia1RDdUTQA3pCL+jVerSerTfrfTpasPKdXfQH1sc3oHCWUA==</latexit>

⇡0 ! ��a

36

<latexit sha1_base64="UPIc05ChsojxZxs3LcPfsht5D+4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7ArvsBL0IvHCOYB2SXMTibJkJnZZWZWCWs+xYsHRbz6Jd78GyfJHjRa0FBUddPdFSWcaeN5X05haXllda24XtrY3Nreccu7TR2nitAGiXms2hHWlDNJG4YZTtuJolhEnLai0fXUb91TpVks78w4oaHAA8n6jGBjpa5bDjQTyPe84DILlEBi0nUrXtWbAf0lfk4qkKPedT+DXkxSQaUhHGvd8b3EhBlWhhFOJ6Ug1TTBZIQHtGOpxILqMJudPkGHVumhfqxsSYNm6s+JDAutxyKynQKboV70puJ/Xic1/YswYzJJDZVkvqifcmRiNM0B9ZiixPCxJZgoZm9FZIgVJsamVbIh+Isv/yXN46p/Vj29PanUrvI4irAPB3AEPpxDDW6gDg0g8ABP8AKvzqPz7Lw57/PWgpPP7MEvOB/fwWuTDA==</latexit>⇠ 100 m



Daniele Barducci - University & INFN Pisa

• Sensitivity to ALP parameter space
<latexit sha1_base64="S81Vqkny7pg1tS9r3R5f2NfSifw="></latexit>

L ⇠ �1

2
m2

aa
2 � 1

4
ga��aF

µ⌫ F̃µ⌫

• Two main production process
Direct production in                       rare decay at the IP

<latexit sha1_base64="aE1Nn7SdpOJsR6XlH8QgCMLGmdQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGfC2LblxJBfuAzljupJk2NJkZkoxQhuLGX3HjQhG3foU7/8a0nYW2Hgg5nHMvyTlBwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrAEU5i2hdM81pK5EURMBpMxhcjf3mA5WKxdGdHibUF9CLWMgIaCN17D2vB0IAvsGejrG5771EMkFxq2OXnYozAZ4nbk7KKEetY3953ZikgkaacFCq7TqJ9jOQmhFORyUvVTQBMoAebRsagaDKzyYRRvjQKF0cxtKcSOOJ+nsjA6HUUARmUoDuq1lvLP7ntVMdXvgZi5JU04hMHwpTjk3acR+4yyQlmg8NASKZ+SsmfZBAtGmtZEpwZyPPk8ZxxT2rnN6elKuXeR1FtI8O0BFy0TmqomtUQ3VE0CN6Rq/ozXqyXqx362M6WrDynV30B9bnD0srlhk=</latexit>

�N ! aN 0X

Forward high-energy     scatter on absorber materials and radiates a LLP ALP<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�
Photon beam-dump

<latexit sha1_base64="NKZBqSoKuMhQEB0mISQEGs/TLB0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGfC2LblxWsA/ojOVOmmlDk5khyQhlKG78FTcuFHHrV7jzb0zbEbT1QMjhnHtJzgkSzpR2nC+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFsBKMpZROuaaU5biaQgAk6bweBq7DfvqVQsjm71MKG+gF7EQkZAG6lj73kJu3Owp2Ps9UAI+LmgY5edijMBniduTsooR61jf3rdmKSCRppwUKrtOon2M5CaEU5HJS9VNAEygB5tGxqBoMrPJhFG+NAoXRzG0pxI44n6eyMDodRQBGZSgO6rWW8s/ue1Ux1e+BmLklTTiEwfClOOTeBxH7jLJCWaDw0BIpn5KyZ9kEC0aa1kSnBnI8+TxnHFPauc3pyUq5d5HUW0jw7QEXLROaqia1RDdUTQA3pCL+jVerSerTfrfTpasPKdXfQH1sc3oHCWUA==</latexit>

⇡0 ! ��a
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Exploits enormous forward cross-section at the LHC  p p > forward ~ 100 mb

[Feng+ 1806.02348] Primakoff process                    at                  from the IP
<latexit sha1_base64="aE1Nn7SdpOJsR6XlH8QgCMLGmdQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGfC2LblxJBfuAzljupJk2NJkZkoxQhuLGX3HjQhG3foU7/8a0nYW2Hgg5nHMvyTlBwpnSjvNtFRYWl5ZXiqultfWNzS17e6eh4lQSWicxj2UrAEU5i2hdM81pK5EURMBpMxhcjf3mA5WKxdGdHibUF9CLWMgIaCN17D2vB0IAvsGejrG5771EMkFxq2OXnYozAZ4nbk7KKEetY3953ZikgkaacFCq7TqJ9jOQmhFORyUvVTQBMoAebRsagaDKzyYRRvjQKF0cxtKcSOOJ+nsjA6HUUARmUoDuq1lvLP7ntVMdXvgZi5JU04hMHwpTjk3acR+4yyQlmg8NASKZ+SsmfZBAtGmtZEpwZyPPk8ZxxT2rnN6elKuXeR1FtI8O0BFy0TmqomtUQ3VE0CN6Rq/ozXqyXqx362M6WrDynV30B9bnD0srlhk=</latexit>

�N ! aN 0X
<latexit sha1_base64="UPIc05ChsojxZxs3LcPfsht5D+4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCp7ArvsBL0IvHCOYB2SXMTibJkJnZZWZWCWs+xYsHRbz6Jd78GyfJHjRa0FBUddPdFSWcaeN5X05haXllda24XtrY3Nreccu7TR2nitAGiXms2hHWlDNJG4YZTtuJolhEnLai0fXUb91TpVks78w4oaHAA8n6jGBjpa5bDjQTyPe84DILlEBi0nUrXtWbAf0lfk4qkKPedT+DXkxSQaUhHGvd8b3EhBlWhhFOJ6Ug1TTBZIQHtGOpxILqMJudPkGHVumhfqxsSYNm6s+JDAutxyKynQKboV70puJ/Xic1/YswYzJJDZVkvqifcmRiNM0B9ZiixPCxJZgoZm9FZIgVJsamVbIh+Isv/yXN46p/Vj29PanUrvI4irAPB3AEPpxDDW6gDg0g8ABP8AKvzqPz7Lw57/PWgpPP7MEvOB/fwWuTDA==</latexit>⇠ 100 m



Daniele Barducci - University & INFN Pisa

• FASER is also sensitive to SM neutrinos produced at the LHC, through FASERv

• Huge number of high-energy forward neutrinos from hadron decay in pp collisions

25cm x 25 cm x 1.35 m tungsten

                                                     interactions

Directly test TeV neutrino properties

[FASER 2303.14185]

<latexit sha1_base64="FwfU/771UrR2Yr8RkigvS2G5GeQ=">AAACA3icbZDLSsNAFIYn9VbrLepON8EiuCglEW/QTdGNywr2Ak0Ik+mkHTqZhLkIJRTc+CpuXCji1pdw59s4SbPQ1gPDfPz/OcycP0goEdK2v43S0vLK6lp5vbKxubW9Y+7udUSsOMJtFNOY9wIoMCUMtyWRFPcSjmEUUNwNxjeZ333AXJCY3ctJgr0IDhkJCYJSS7554DLl45rbyG43Um6jlpOEyjerdt3Oy1oEp4AqKKrlm1/uIEYqwkwiCoXoO3YivRRySRDF04qrBE4gGsMh7mtkMMLCS/MdptaxVgZWGHN9mLRy9fdECiMhJlGgOyMoR2Ley8T/vL6S4ZWXEpYoiRmaPRQqasnYygKxBoRjJOlEA0Sc6L9aaAQ5RFLHVtEhOPMrL0LntO5c1M/vzqrN6yKOMjgER+AEOOASNMEtaIE2QOARPINX8GY8GS/Gu/Exay0Zxcw++FPG5w9lSZdi</latexit>⌫e, ⌫µ , ⌫⌧
<latexit sha1_base64="F4Kju7978dl8OYpwKvLmJuAuACc=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQIoSwG+KjDNrYGcE8IFnD7GQ2GTL7YGZWCMs2/oqNhSK2foadf+Mk2UITD9zL4Zx7mbnHjTiTyrK+jaXlldW19dxGfnNre2fX3NtvyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7up74rUcqJAuDezWOqOPjQcA8RrDSUs88TLoEc3SbFm3roVLSrVpCtnXaMwtW2ZoCLRI7IwXIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhN891Y0giTER7QjqYB9ql0kukBKTrRSh95odAVKDRVf28k2Jdy7Lt60sdqKOe9ifif14mVd+kkLIhiRQMye8iLOVIhmqSB+kxQovhYE0wE039FZIgFJkpnltch2PMnL5JmpWyfl8/uqoXaVRZHDo7gGIpgwwXU4Abq0AACKTzDK7wZT8aL8W58zEaXjGznAP7A+PwBQSSTnA==</latexit>

O(102, 104, 10)

38



Daniele Barducci - University & INFN Pisa

• Can also be used to test neutrino portal interaction using it as a      beam-dump

39

FASER-v FASER
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="1q+pbZeRTC2ru4NRXfD+8dwh+xs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuPmM5g==</latexit>

X

FASER-v material 
(tungesten)

v from LHC IP

Decay volume

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫



Daniele Barducci - University & INFN Pisa

• Can also be used to test neutrino portal interaction using it as a      beam-dump

40

FASER-v FASER
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="1q+pbZeRTC2ru4NRXfD+8dwh+xs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuPmM5g==</latexit>

X
Visible

FASER-v material 
(tungesten)

v from LHC IP

Decay volume Small backgrounds

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫
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• Can also be used to test neutrino portal interaction using it as a      beam-dump

Dark dipole -
<latexit sha1_base64="tKsDoHdbY4mJJc0eyAk1fH25FGQ=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgqsyIr2VREFdSwT6gMw6ZNNOGJpkhyQhl6Be48VfcuFDErWt3/o1pO4K2Hgice8693NwTJowq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYWDi7HfuidS0Vjc6mFCfI56gkYUI22kwK54IZLQEyn0FO1xdJd5PDXlCF7Dy+CnCOyyU3UmgPPEzUkZ5KgH9qfXjXHKidCYIaU6rpNoP0NSU8zIqOSliiQID1CPdAwViBPlZ5NzRrBilC6MYmme0HCi/p7IEFdqyEPTyZHuq1lvLP7ndVIdnfkZFUmqicDTRVHKoI7hOBvYpZJgzYaGICyp+SvEfSQR1ibBkgnBnT15njQPq+5J9fjmqFw7z+Mogj2wDw6AC05BDVyBOmgADB7AE3gBr9aj9Wy9We/T1oKVz+yCP7A+vgEGhJwf</latexit>

⌫̄�µ⌫NFµ⌫

[Ismail+ 2109.05032]

Dark four-fermi
<latexit sha1_base64="WQfyYq+NU7E/fhF4rAurZynYp8A=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUS8bYsunEhUsFeoA1lMp20QyeTODNRSuyjuHGhiFufxJ1v4zTNQqs/DHz85xzOmd+POVPacb6swsLi0vJKcbW0tr6xuWWXt5sqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kcX03rrnkrFInGrxzH1QjwQLGAEa2P17HLXxxJdoyuUwR1KenbFqTqZ0F9wc6hArnrP/uz2I5KEVGjCsVId14m1l2KpGeF0UuomisaYjPCAdgwKHFLlpdnpE7RvnD4KImme0Chzf06kOFRqHPqmM8R6qOZrU/O/WifRwZmXMhEnmgoyWxQkHOkITXNAfSYp0XxsABPJzK2IDLHERJu0SiYEd/7Lf6F5WHVPqsc3R5XaeR5HEXZhDw7AhVOowSXUoQEEHuAJXuDVerSerTfrfdZasPKZHfgl6+MbHaSSoQ==</latexit>

N̄Lq̄u

[Falkowsky+ 2105.12136] SMEFT
[DB+ 2311.xxxxx]

New dark portal probes

41

FASER-v FASER
<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="1q+pbZeRTC2ru4NRXfD+8dwh+xs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuPmM5g==</latexit>

X
Visible

FASER-v material 
(tungesten)

v from LHC IP

Decay volume Small backgrounds

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫
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<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H
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Scalar portal - the Dark Higgs

• SM Higgs mixes with the dark-Higgs
<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

• Universal rescaling of the SM couplings

<latexit sha1_base64="zWfMsfjBm2VHdEHyV8S9AknTD48=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5oHZJcxOOsmQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3Q2ZACgUNFCihnWhgUSihFY5up37rCbQRsXrAcQJBxAZK9AVnaKVH3wjl4xCQdcsVt+rOQJeJl5MKyVHvlr/8XszTCBRyyYzpeG6CQcY0Ci5hUvJTAwnjIzaAjqWKRWCCbHbxhJ5YpUf7sbalkM7U3xMZi4wZR6HtjBgOzaI3Ff/zOin2r4NMqCRFUHy+qJ9KijGdvk97QgNHObaEcS3srZQPmWYcbUglG4K3+PIyaZ5Vvcvqxf15pXaTx1EkR+SYnBKPXJEauSN10iCcKPJMXsmbY5wX5935mLcWnHzmkPyB8/kDxweRAA==</latexit>

sin ✓

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 

<latexit sha1_base64="aAQzG7zvlKrRv9evjFpDxPWWJ7E=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUgTymQ6aYfOTMLMRCihX+HGhSJu/Rx3/o3TNAttPXDhcM693HtPmHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3878zhNVmsXywUwSGgg8lCxiBBsrPfohVshPNOtXa27dzYGWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp9OKn2qaYDLGQ9qzVGJBdZDlB0/RiVUGKIqVLWlQrv6eyLDQeiJC2ymwGelFbyb+5/VSE10HGZNJaqgk80VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcWG4C2+vEzaZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE1pAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBeySQNw==</latexit>

 ̄
Heavy Dark Higgs - Collider searches

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="bIzRlIN1PUyhRxK4JSc7NTwF8To=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBRSkzpT6WRTcuK9gHdIaSSTNtaOZBckcoQzdu/BU3LhRx6z+482/MtLPQ1gMhh3PuIbnHiwVXYFnfRmFldW19o7hZ2tre2d0z9w/aKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63jjm8zvPDCpeBTewyRmbkCGIfc5JaClvnlcd4KkgusOkOzyKrjm1bTkDCJQfbNsVa0Z8DKxc1JGOZp980vnaBKwEKggSvVsKwY3JRI4FWxachLFYkLHZMh6moYkYMpNZ1tM8alWBtiPpD4h4Jn6O5GSQKlJ4OnJgMBILXqZ+J/XS8C/clMexgmwkM4f8hOBIcJZJXjAJaMgJpoQKrn+K6YjIgkFXVxJl2AvrrxM2rWqfVE9v6uXG9d5HUV0hE7QGbLRJWqgW9RELUTRI3pGr+jNeDJejHfjYz5aMPLMIfoD4/MHeCaWrQ==</latexit>

4µ, 4⌧, 4b, 2b2µ . . .

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 

<latexit sha1_base64="luRxvyWZ7gPOo6F/EfvdLBNL00I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVv45FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f1i/vzWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPyd/jlQ=</latexit>

 

<latexit sha1_base64="aAQzG7zvlKrRv9evjFpDxPWWJ7E=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUgTymQ6aYfOTMLMRCihX+HGhSJu/Rx3/o3TNAttPXDhcM693HtPmHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3878zhNVmsXywUwSGgg8lCxiBBsrPfohVshPNOtXa27dzYGWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp9OKn2qaYDLGQ9qzVGJBdZDlB0/RiVUGKIqVLWlQrv6eyLDQeiJC2ymwGelFbyb+5/VSE10HGZNJaqgk80VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcWG4C2+vEzaZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE1pAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBeySQNw==</latexit>

 ̄

<latexit sha1_base64="aAQzG7zvlKrRv9evjFpDxPWWJ7E=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUgTymQ6aYfOTMLMRCihX+HGhSJu/Rx3/o3TNAttPXDhcM693HtPmHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3878zhNVmsXywUwSGgg8lCxiBBsrPfohVshPNOtXa27dzYGWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp9OKn2qaYDLGQ9qzVGJBdZDlB0/RiVUGKIqVLWlQrv6eyLDQeiJC2ymwGelFbyb+5/VSE10HGZNJaqgk80VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcWG4C2+vEzaZ3Xvsn5xf15r3BRxlOEIjuEUPLiCBtxBE1pAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBeySQNw==</latexit>

 ̄

Heavy Higgs searches - MSSM/NMSSM… like

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

Searches for Double Higgs non resonant
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<latexit sha1_base64="47Eh0ukVjZ6UtYa+qLl1DoN1CCo=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJxNuy6EZwU9FeoIllMp20QyeTMDMRauiTuHGhiFsfxZ1v47TNQlt/GPj4zznMOX+QcKa043xbC4tLyyurhbXi+sbmVsne3mmoOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhcjevNRyoVi8W9HibUj3BPsJARrI3VsUs3D0fI0zHyEmbormOXnYozEZoHN4cy5Kp17C+vG5M0okITjpVqu06i/QxLzQino6KXKppgMsA92jYocESVn00WH6ED43RRGEvzhEYT9/dEhiOlhlFgOiOs+2q2Njb/q7VTHV74GRNJqqkg04/ClCNz6DgF1GWSEs2HBjCRzOyKSB9LTLTJqmhCcGdPnofGccU9q5zenpSrl3kcBdiDfTgEF86hCtdQgzoQSOEZXuHNerJerHfrY9q6YOUzu/BH1ucPqOeRzw==</latexit>

K+ ! ⇡+SKaon factory:
<latexit sha1_base64="XbFSeqeal3TkYJZ69lqCIbAWPyU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG0EXFe0Dmhgm00k7dDIJMxOhhn6JGxeKuPVT3Pk3Th8LrR64cDjnXu69J0w5U9pxvqzCwuLS8kpxtbS2vrFZtre2myrJJKENkvBEtkOsKGeCNjTTnLZTSXEcctoKBxdjv/VApWKJuNPDlPox7gkWMYK1kQK7fBVcI08nyEvZvYNuA7viVJ0J0F/izkgFZqgH9qfXTUgWU6EJx0p1XCfVfo6lZoTTUcnLFE0xGeAe7RgqcEyVn08OH6F9o3RRlEhTQqOJ+nMix7FSwzg0nTHWfTXvjcX/vE6mozM/ZyLNNBVkuijKODKPjlNAXSYp0XxoCCaSmVsR6WOJiTZZlUwI7vzLf0nzsOqeVI9vjiq181kcRdiFPTgAF06hBpdQhwYQyOAJXuDVerSerTfrfdpasGYzO/AL1sc35aaR9g==</latexit>

KL ! ⇡0S
<latexit sha1_base64="VIL7zwWihFhbS/20bEeRGtwjk48=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBUMqM+FqWuhHcVLQPaMeSSTNtaCYzJBmhDv0SNy4UceunuPNvTNtZaOuBkMM593LvPX7MmdKO820tLC4tr6zm1vLrG5tbBXt7p66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3A19huPVCoWiXs9jKkX4p5gASNYG6ljFyoPR6itI3Rj/rtj1LGLTsmZAM0TNyNFyFDt2F/tbkSSkApNOFaq5Tqx9lIsNSOcjvLtRNEYkwHu0ZahAodUeelk8RE6MEoXBZE0T2g0UX93pDhUahj6pjLEuq9mvbH4n9dKdHDppUzEiaaCTAcFCUfm0HEKqMskJZoPDcFEMrMrIn0sMdEmq7wJwZ09eZ7UT0rueens9rRYrmRx5GAP9uEQXLiAMlxDFWpAIIFneIU368l6sd6tj2npgpX17MIfWJ8/qSiRKA==</latexit>

B+ ! K+S,

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s
<latexit sha1_base64="pbrTBi+I5TdMb2KRSYVNYXSeyj4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnZ3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8m/qtJ1SaJ/LBjFL0Y9qXPOKMGivVw16p7FbcGcgy8XJShhy1XumrGyYsi1EaJqjWHc9NjT+mynAmcFLsZhpTyoa0jx1LJY1R++PZoRNyapWQRImyJQ2Zqb8nxjTWehQHtjOmZqAXvan4n9fJTHTjj7lMM4OSzRdFmSAmIdOvScgVMiNGllCmuL2VsAFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHyymM8g==</latexit>

d
<latexit sha1_base64="LZOWmj8y6SJAhtIS6fY2JecQAxk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHt3WM5Q==</latexit>

W

<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="8XOT37DKi4sj01esuQvWYcQjoqk=">AAAB9HicbVDLSgMxFL1TX7W+Rl26CRZBEMqM+FqWuhHcVLQPaMeSSTNtaCYzJplCGfodblwo4taPceffmLaz0NYDIYdz7uXee/yYM6Ud59vKLS2vrK7l1wsbm1vbO/buXl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uB64jeGVCoWiQc9iqkX4p5gASNYG8mrPJ6gto7QrfnvO3bRKTlToEXiZqQIGaod+6vdjUgSUqEJx0q1XCfWXoqlZoTTcaGdKBpjMsA92jJU4JAqL50uPUZHRumiIJLmCY2m6u+OFIdKjULfVIZY99W8NxH/81qJDq68lIk40VSQ2aAg4cicOUkAdZmkRPORIZhIZnZFpI8lJtrkVDAhuPMnL5L6acm9KJ3fnRXLlSyOPBzAIRyDC5dQhhuoQg0IPMEzvMKbNbRerHfrY1aas7KeffgD6/MHbOyQlw==</latexit>

B+ ! K+S
<latexit sha1_base64="pqN6+Dr2jk8NnuZv3IhaQ07bJ6o=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WpG8FNRfuAdiyZNNOGZpIxyRTK0O9w40IRt36MO//GtJ2FVg+EHM65l3vvCWLOtHHdLye3tLyyupZfL2xsbm3vFHf3GlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GrqN0dUaSbFvRnH1I9wX7CQEWys5FcfXNQxEt3Y/65bLLlldwb0l3gZKUGGWrf42elJkkRUGMKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LRU4otpPZ0tP0JFVeiiUyj5h0Ez92ZHiSOtxFNjKCJuBXvSm4n9eOzHhpZ8yESeGCjIfFCYc2TOnCaAeU5QYPrYEE8XsrogMsMLE2JwKNgRv8eS/pHFS9s7LZ7enpUo1iyMPB3AIx+DBBVTgGmpQBwKP8AQv8OqMnGfnzXmfl+acrGcffsH5+AZ8UJCh</latexit>

B0 ! K0S

<latexit sha1_base64="Br8AaSjm2BnCjYHsgOSbek/YcSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgiCURX8uiG5cV7QOaWCbTSTt0Mgkzk0IJ/RM3LhRx65+482+cpl1o64EZDufcy733BAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDwe3Ebw6pVCwWj3qUUD/CPcFCRrA2Use2HzwdIy9Kn07y/7Rjl52KkwMtEndGyjBDrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOB2XvFTRBJMB7tG2oQJHVPlZvvkYHRmli8JYmic0ytXfHRmOlBpFgamMsO6reW8i/ue1Ux1e+xkTSaqpINNBYcqROXYSA+oySYnmI0MwkczsikgfS0y0CatkQnDnT14kjbOKe1m5uD8vV29mcRThAA7hGFy4gircQQ3qQGAIz/AKb1ZmvVjv1se0tGDNevbhD6zPHyhtkrc=</latexit>

S ! µ+µ�

[Goudzovski+ 2201.07805]
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<latexit sha1_base64="47Eh0ukVjZ6UtYa+qLl1DoN1CCo=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJxNuy6EZwU9FeoIllMp20QyeTMDMRauiTuHGhiFsfxZ1v47TNQlt/GPj4zznMOX+QcKa043xbC4tLyyurhbXi+sbmVsne3mmoOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhcjevNRyoVi8W9HibUj3BPsJARrI3VsUs3D0fI0zHyEmbormOXnYozEZoHN4cy5Kp17C+vG5M0okITjpVqu06i/QxLzQino6KXKppgMsA92jYocESVn00WH6ED43RRGEvzhEYT9/dEhiOlhlFgOiOs+2q2Njb/q7VTHV74GRNJqqkg04/ClCNz6DgF1GWSEs2HBjCRzOyKSB9LTLTJqmhCcGdPnofGccU9q5zenpSrl3kcBdiDfTgEF86hCtdQgzoQSOEZXuHNerJerHfrY9q6YOUzu/BH1ucPqOeRzw==</latexit>

K+ ! ⇡+SKaon factory:
<latexit sha1_base64="XbFSeqeal3TkYJZ69lqCIbAWPyU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG0EXFe0Dmhgm00k7dDIJMxOhhn6JGxeKuPVT3Pk3Th8LrR64cDjnXu69J0w5U9pxvqzCwuLS8kpxtbS2vrFZtre2myrJJKENkvBEtkOsKGeCNjTTnLZTSXEcctoKBxdjv/VApWKJuNPDlPox7gkWMYK1kQK7fBVcI08nyEvZvYNuA7viVJ0J0F/izkgFZqgH9qfXTUgWU6EJx0p1XCfVfo6lZoTTUcnLFE0xGeAe7RgqcEyVn08OH6F9o3RRlEhTQqOJ+nMix7FSwzg0nTHWfTXvjcX/vE6mozM/ZyLNNBVkuijKODKPjlNAXSYp0XxoCCaSmVsR6WOJiTZZlUwI7vzLf0nzsOqeVI9vjiq181kcRdiFPTgAF06hBpdQhwYQyOAJXuDVerSerTfrfdpasGYzO/AL1sc35aaR9g==</latexit>

KL ! ⇡0S
<latexit sha1_base64="VIL7zwWihFhbS/20bEeRGtwjk48=">AAAB+HicbVDLSgMxFL3js9ZHR126CRZBUMqM+FqWuhHcVLQPaMeSSTNtaCYzJBmhDv0SNy4UceunuPNvTNtZaOuBkMM593LvPX7MmdKO820tLC4tr6zm1vLrG5tbBXt7p66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3A19huPVCoWiXs9jKkX4p5gASNYG6ljFyoPR6itI3Rj/rtj1LGLTsmZAM0TNyNFyFDt2F/tbkSSkApNOFaq5Tqx9lIsNSOcjvLtRNEYkwHu0ZahAodUeelk8RE6MEoXBZE0T2g0UX93pDhUahj6pjLEuq9mvbH4n9dKdHDppUzEiaaCTAcFCUfm0HEKqMskJZoPDcFEMrMrIn0sMdEmq7wJwZ09eZ7UT0rueens9rRYrmRx5GAP9uEQXLiAMlxDFWpAIIFneIU368l6sd6tj2npgpX17MIfWJ8/qSiRKA==</latexit>

B+ ! K+S,

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s
<latexit sha1_base64="pbrTBi+I5TdMb2KRSYVNYXSeyj4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnZ3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8m/qtJ1SaJ/LBjFL0Y9qXPOKMGivVw16p7FbcGcgy8XJShhy1XumrGyYsi1EaJqjWHc9NjT+mynAmcFLsZhpTyoa0jx1LJY1R++PZoRNyapWQRImyJQ2Zqb8nxjTWehQHtjOmZqAXvan4n9fJTHTjj7lMM4OSzRdFmSAmIdOvScgVMiNGllCmuL2VsAFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHyymM8g==</latexit>

d
<latexit sha1_base64="LZOWmj8y6SJAhtIS6fY2JecQAxk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVW71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHt3WM5Q==</latexit>

W

<latexit sha1_base64="QggXLqIOGFhmhRt74YfvYVEqDbA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eI8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALFljOE=</latexit>

S

<latexit sha1_base64="8XOT37DKi4sj01esuQvWYcQjoqk=">AAAB9HicbVDLSgMxFL1TX7W+Rl26CRZBEMqM+FqWuhHcVLQPaMeSSTNtaCYzJplCGfodblwo4taPceffmLaz0NYDIYdz7uXee/yYM6Ud59vKLS2vrK7l1wsbm1vbO/buXl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uB64jeGVCoWiQc9iqkX4p5gASNYG8mrPJ6gto7QrfnvO3bRKTlToEXiZqQIGaod+6vdjUgSUqEJx0q1XCfWXoqlZoTTcaGdKBpjMsA92jJU4JAqL50uPUZHRumiIJLmCY2m6u+OFIdKjULfVIZY99W8NxH/81qJDq68lIk40VSQ2aAg4cicOUkAdZmkRPORIZhIZnZFpI8lJtrkVDAhuPMnL5L6acm9KJ3fnRXLlSyOPBzAIRyDC5dQhhuoQg0IPMEzvMKbNbRerHfrY1aas7KeffgD6/MHbOyQlw==</latexit>

B+ ! K+S <latexit sha1_base64="Br8AaSjm2BnCjYHsgOSbek/YcSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgiCURX8uiG5cV7QOaWCbTSTt0Mgkzk0IJ/RM3LhRx65+482+cpl1o64EZDufcy733BAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDwe3Ebw6pVCwWj3qUUD/CPcFCRrA2Use2HzwdIy9Kn07y/7Rjl52KkwMtEndGyjBDrWN/ed2YpBEVmnCsVNt1Eu1nWGpGOB2XvFTRBJMB7tG2oQJHVPlZvvkYHRmli8JYmic0ytXfHRmOlBpFgamMsO6reW8i/ue1Ux1e+xkTSaqpINNBYcqROXYSA+oySYnmI0MwkczsikgfS0y0CatkQnDnT14kjbOKe1m5uD8vV29mcRThAA7hGFy4gircQQ3qQGAIz/AKb1ZmvVjv1se0tGDNevbhD6zPHyhtkrc=</latexit>

S ! µ+µ�

[Goudzovski+ 2201.07805]

[Physics beyond collider 1901.09966]

<latexit sha1_base64="pqN6+Dr2jk8NnuZv3IhaQ07bJ6o=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WpG8FNRfuAdiyZNNOGZpIxyRTK0O9w40IRt36MO//GtJ2FVg+EHM65l3vvCWLOtHHdLye3tLyyupZfL2xsbm3vFHf3GlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GrqN0dUaSbFvRnH1I9wX7CQEWys5FcfXNQxEt3Y/65bLLlldwb0l3gZKUGGWrf42elJkkRUGMKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LRU4otpPZ0tP0JFVeiiUyj5h0Ez92ZHiSOtxFNjKCJuBXvSm4n9eOzHhpZ8yESeGCjIfFCYc2TOnCaAeU5QYPrYEE8XsrogMsMLE2JwKNgRv8eS/pHFS9s7LZ7enpUo1iyMPB3AIx+DBBVTgGmpQBwKP8AQv8OqMnGfnzXmfl+acrGcffsH5+AZ8UJCh</latexit>

B0 ! K0S
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Conclusions

• Lack of signal of new physics with SM charges pushes forward the idea of dark sectors

• The minimality of renormalizable dark sector portals are well-suited to design and 
reinterpret experimental searches

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN
<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="LLqNX+nyBu6kWHPdM5wrok30H98=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUpSfC2Lbrqs1D6gSctkMmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRZaPTBwOOce7tzjxYxKZVlfRm5peWV1Lb9e2Njc2t4xd/daMkoEJk0csUh0PCQJoyFpKqoY6cSCIO4x0vZGN1O/fU+EpFF4p8YxcTkahDSgGCkt9c3DksMT2ICn0GE65SPY6FVOaj3HRwNY65tFq2zNAP8SOyNFkKHeNz8dP8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIQGpKtpiDiRbjo7YwKPteLDIBL6hQrO1J+JFHEpx9zTkxypoVz0puJ/XjdRwZWb0jBOFAnxfFGQMKgiOO0E+lQQrNhYE4QF1X+FeIgEwko3V9Al2Isn/yWtStm+KJ/fnhWr11kdeXAAjkAJ2OASVEEN1EETYPAAnsALeDUejWfjzXifj+aMLLMPfsH4+AZ6fZaa</latexit>

(µS + �S
2)H†

H
<latexit sha1_base64="j+AYqXnnY+kyEu2xBLd/KrCzvjY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPidox68RjBLJCMoadTkzTp6Rm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQxuxn7jCZXmsbw3wwT9iPYkDzmjxkrNq4d2oniEnWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazyb3jsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14aWfcZmkBiWbLgpTQUxMxs+TLlfIjBhaQpni9lbC+lRRZmxEBRuCN//yIqmflL3z8tndaalyPYsjDwdwCMfgwQVU4BaqUAMGAp7hFd6cR+fFeXc+pq05ZzazD3/gfP4A8MaP7A==</latexit>

A0

Vector portal Fermion portal <latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

<latexit sha1_base64="sVdkqOfGU5TBcyEmLK9JFVWnU0Y=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQSw4iEcwDkiXMTmaTIbOzw8yssCz5CC8eFPHq93jzb5wke9DEgoaiqpvurkBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9O/fYTVZrF4tGkkvoRHgoWMoKNldopukN1dN8vV9yqOwNaJl5OKpCj0S9/9QYxSSIqDOFY667nSuNnWBlGOJ2UeommEpMxHtKupQJHVPvZ7NwJOrHKAIWxsiUMmqm/JzIcaZ1Gge2MsBnpRW8q/ud1ExNe+xkTMjFUkPmiMOHIxGj6OxowRYnhqSWYKGZvRWSEFSbGJlSyIXiLLy+T1lnVu6xePJxXajd5HEU4gmM4BQ+uoAZ1aEATCIzhGV7hzZHOi/PufMxbC04+cwh/4Hz+ALZejoU=</latexit>

yLHN

Scalar portal

• They can be tested in a large number of low and high-energy experiments

Beam-dumps

Meson-decay

High-energy collisions
Classic  

New opportunities

<latexit sha1_base64="HUfZrKHDWuCAcjALTAkEesJRfTI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF20kmGzM4uM7NCWPILXjwo4tUf8ubfOJvsQRMLGoqqbrq7glhwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGd5nfekKleSQfzSRGP6RDyQecUZNJ8RnBXrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9aNY3N</latexit>p, e
<latexit sha1_base64="iPYM+Ag/y6FYjatW6aJUvqjtMRk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwISURX8uiG5cV7AOSUG6mk3bozCTMTIQS+hluXCji1q9x5984bbPQ1gMXDufcy733RCln2rjut1NaWV1b3yhvVra2d3b3qvsHbZ1kitAWSXiiuhFoypmkLcMMp91UURARp51odDf1O09UaZbIRzNOaShgIFnMCBgr+cEAhIAzHMisV625dXcGvEy8gtRQgWav+hX0E5IJKg3hoLXvuakJc1CGEU4nlSDTNAUyggH1LZUgqA7z2ckTfGKVPo4TZUsaPFN/T+QgtB6LyHYKMEO96E3F/zw/M/FNmDOZZoZKMl8UZxybBE//x32mKDF8bAkQxeytmAxBATE2pYoNwVt8eZm0z+veVf3y4aLWuC3iKKMjdIxOkYeuUQPdoyZqIYIS9Ixe0ZtjnBfn3fmYt5acYuYQ/YHz+QOnz5Dc</latexit>�, ⌫

LHC

Belle-II
…

• A large experimental program is ahead in the near future
• Use existing experiments and think about new possible signatures & experiments 

Bright future ahead to illuminate dark sectors 
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Backup
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• The kinetic term can be diagonalized by a rotation

Photon

Dark photon

Arbitrary for massless DP

Two choices

Millichage
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• If there is a mass term from SSB / Stueckelberg then     is not free anymore
<latexit sha1_base64="RnyzIg4Iy64zhhoBANN9EcBOI5Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmY2Z1lplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo1hwZXUul2wAxIEUMDBUpoJxpYFEhoBaPbqd96Am2Eih9wnIAfsUEsQsEZWqnZxSEg65UrbtWdgS4TLycVkqPeK391+4qnEcTIJTOm47kJ+hnTKLiESambGkgYH7EBdCyNWQTGz2bXTuiJVfo0VNpWjHSm/p7IWGTMOApsZ8RwaBa9qfif10kxvPYzEScpQszni8JUUlR0+jrtCw0c5dgSxrWwt1I+ZJpxtAGVbAje4svLpHlW9S6rF/fnldpNHkeRHJFjcko8ckVq5I7USYNw8kieySt5c5Tz4rw7H/PWgpPPHJI/cD5/AKc3jzI=</latexit>

✓

• For             one obtains the “usual” dark-photon Lagrangian 
<latexit sha1_base64="b13nhUu73VB9Ocp7aJixok0c1/I=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlgsoTZ2U4yZHZ2mekVwpK/8OJBEa/+jTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzaHBYxnrdsAMSKGggQIltBMNLAoktILRzdRvPYI2Ilb3OE7Aj9hAib7gDK300A1BIqNX1O2VK27VnYH+JV5OKiRHvVf+7IYxTyNQyCUzpuO5CfoZ0yi4hEmpmxpIGB+xAXQsVSwC42eziyf0yCoh7cfalkI6U39OZCwyZhwFtjNiODSL3lT8z+uk2L/0M6GSFEHx+aJ+KinGdPo+DYUGjnJsCeNa2FspHzLNONqQSjYEb/Hlv6R5UvXOq2d3p5XadR5HkRyQQ3JMPHJBauSW1EmDcKLIE3khr45xnp03533eWnDymX3yC87HNzl0j/s=</latexit>

� = 0

• This is the massless limit case of the choice
<latexit sha1_base64="uUMRODa8R+2Mb7m8JaPNjCN0ieM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAEsPspDcZMju7zPQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3+bEUBl3328ktLa+sruXXCxubW9s7xd29uokSzaHGIxnpps8MSKGghgIlNGMNLPQlNPzhzcRvPII2IlL3OIqhE7K+EoHgDK300DZCtXEAyOgVdbvFklt2p6CLxMtIiWSodotf7V7EkxAUcsmMaXlujJ2UaRRcwrjQTgzEjA9ZH1qWKhaC6aTTq8f0yCo9GkTalkI6VX9PpCw0ZhT6tjNkODDz3kT8z2slGFx2UqHiBEHx2aIgkRQjOomA9oQGjnJkCeNa2FspHzDNONqgCjYEb/7lRVI/KXvn5bO701LlOosjTw7IITkmHrkgFXJLqqRGONHkmbySN+fJeXHenY9Za87JZvbJHzifP3KXkdU=</latexit>

sin ✓ = 0
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Dark photon below MeV

[Fabbrichesi+ 2005.01515]
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Sterile neutrino below MeV

[Atre+ 0901.3589]

• Modification of beta decay spectrum


