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DARK MATTER & NEUTRINOS  
as doors to new physics 

Overwhelming experimental evidence from experiments
The existence of a cold collisionless fluid is guaranteed by astro and cosmo observables 

The existence of a neutrino masses is guaranteed by oscillations exp.

No idea of the fundamental origin of what we see…
What is the dark matter lagrangian?

What dark matter is the origin of neutrino masses?



No guaranteed signal for Dark Matter

Dark Matter can be a singlet of the Standard Model 

Dark Matter can be easily be produced non thermally 

NO SIGNALS other than Dark Matter gravitational interactions!

No guaranteed signal for Neutrinos
The smallness of Majorana neutrino masses can come from

very weakly coupled steriles very heavy steriles
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We might still be lucky…

The Dark Matter is light thermal relics 

…and see something

The neutrino mass comes from inverse seesaw

For example SM neutrinos are a component of the dark matter today and are easily produced at accelerators  
while their relic background is difficult to unveil

ADVANTAGEOUS PARADIGM FOR ACCELERATORS
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THE DARK SECTOR

Accepting the existence of a Standard Model singlet it is useful to develop an EFT 
approach and explore the possible mediation channels
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EXPLORING THE DARK SECTOR LANDSCAPE
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<latexit sha1_base64="y3C6wDcF7GszxLE1+QxeoKq/eEw=">AAAB73icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTI7Mw6MyuEJT/hxYMiXv0db/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0NfVb96gNV/LWjlMMEzqQPOaMWie1u5gaLpTslcpBxZ+B/E3KsEC9V3rv9hXLEpSWCWpMJ/BTG+ZUW84ETordzGBK2YgOsOOopAmaMJ/dOyHHTumTWGlX0pKZ+nUip4kx4yRynQm1Q/PTm4q/eZ3MxhdhzmWaWZRsvijOBLGKTJ8nfa6RWTF2hDLN3a2EDammzLqIiv8LoXlaCaqV6s1ZuXa5iKMAh3AEJxDAOdTgGurQAAYCHuAJnr0779F78V7nrUveYuYAvsF7+wRUyJAu</latexit>

✏
<latexit sha1_base64="SuVqZQNZcoIbZljtbVn0yaWc2g0=">AAACI3icjVA9SwNBEN3zM8avqKXNYhCsQiISRRAkNhYWEUwUciHsbeZ0cW/32J0Tw3H/xca/YmOhBBsL/4t7MYiKgg8GHu/NMDMviKWwWK2+ehOTU9Mzs4W54vzC4tJyaWW1bXViOLS4ltpcBMyCFApaKFDCRWyARYGE8+D6KPfPb8BYodUZDmLoRuxSiVBwhk7qlfb9iOEVZzI9yXqpj3CL6Q1w1CbLDnyIrZBa0YazosRXSUbbn7RXKtcq1RHo36RMxmj2SkO/r3kSgUIumbWdWjXGbsoMCi4hK/qJhZjxa3YJHUcVi8B209GPGd10Sp+G2rhSSEfq14mURdYOosB15h/Zn14u/uZ1Egz3uqlQcYKg+MeiMJEUNc0Do31hXB5y4AjjRrhbKb9ihnF0sRb/F0J7u1KrV+qnO+XDxjiOAlknG2SL1MguOSTHpElahJM78kCeyLN37z16Q+/lo3XCG8+skW/w3t4BVmWmjQ==</latexit>

Lvector = ✏Bµ⌫Vµ⌫ mixing  Dark photon - photon

<latexit sha1_base64="Vqv3Xm828PUXWqOwQng5LOoHj+w=">AAACCnicjVDLSsNAFJ3UV62vqEs3o0VwVVKR6kYouumilAr2AU0Ik+mkHTp5MHMjhpC1G3/FjQtF3PoF7vwbk7YLFQUPXDiccy/33uOEgiswjA+tsLC4tLxSXC2trW9sbunbO10VRJKyDg1EIPsOUUxwn3WAg2D9UDLiOYL1nMll7vdumFQ88K8hDpnlkZHPXU4JZJKt75segTElImmmdmICu4Wk0Wqm6TmO7RZuNFu2Xq5WjCnw36SM5mjb+rs5DGjkMR+oIEoNqkYIVkIkcCpYWjIjxUJCJ2TEBhn1iceUlUxfSfFhpgyxG8isfMBT9etEQjylYs/JOvPD1U8vF3/zBhG4Z1bC/TAC5tPZIjcSGAKc54KHXDIKIs4IoZJnt2I6JpJQyNIr/S+E7nGlWqvUrk7K9Yt5HEW0hw7QEaqiU1RHDdRGHUTRHXpAT+hZu9cetRftddZa0OYzu+gbtLdP0SuaVA==</latexit>

LHNL = yNHLN
<latexit sha1_base64="euIeA7BlhLB2bo8Mv6eBAJT5sB0=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09SwbZCG8pmO2mX7m7C7kYIoX/BiwdFvPqHvPlvTNoeVBR8MPB4b4aZeUEsuLGu++GUlpZXVtfK65WNza3tneruXsdEiWbYZpGI9F1ADQqusG25FXgXa6QyENgNJpeF371HbXikbm0aoy/pSPGQM2oLKR1ck0G15tXdGcjfpAYLtAbV9/4wYolEZZmgxvQ8N7Z+RrXlTOC00k8MxpRN6Ah7OVVUovGz2a1TcpQrQxJGOi9lyUz9OpFRaUwqg7xTUjs2P71C/M3rJTY89zOu4sSiYvNFYSKIjUjxOBlyjcyKNCeUaZ7fStiYaspsHk/lfyF0Tupeo964Oa01LxZxlOEADuEYPDiDJlxBC9rAYAwP8ATPjnQenRfndd5achYz+/ANztsnl6+N9g==</latexit>

yN mixing HNL-neutrino 

ℒALP =
∂μa

2fa
f̄iCA

fi
γ5 fi +

gaγγ

4
aFF̃ + …

ALP couplings @ dimension 5



Light relic FREEZE-OUT

The existence of the portal drives the dark sector at equilibrium with the visible one

Annihilations into Standard Model set the relic abundance today

Annihilations need to be strong enough

Lower bound on the interaction strength

Sharp experimental target 



If the portal to the dark sector
<latexit sha1_base64="6oARL8IT9qvsnW9XQmX8No4MlLU="></latexit>

Lportal �
cn

⇤�DS+�SM�4
ODSOSM

breaks Standard Model accidental symmetries

smaller couplings can be probed @ accelerators

compatible with no thermal contact between  
the visible and the dark sector

Freeze-in and/or non-thermal production can give a target



Example: Flavor violating axions

<latexit sha1_base64="3ayWStKtsVuO0hPvavH/RA8gKbM=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3U3C7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKchZRVzPNaSuRFAuf06Y/uJ34zScqFYujBz1MqCdwL2IhI1gbqeGWL067QbdYsiv2FGiZOBkpQYZ6t/jTCWKSChppwrFSbcdOtDfCUjPC6bjQSRVNMBngHm0bGmFBlTeaXjtGJ0YJUBhLU5FGU/XvxAgLpYbCN50C675a9Cbif1471eG1N2JRkmoakdmiMOVIx2jyOgqYpETzoSGYSGZuRaSPJSbaBDS3xffFmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BF6uYqQ==</latexit>

U(3)d

<latexit sha1_base64="/K/PARuLL+uYlJlI5eB4GuBQgKA=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3WzC7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ34zScqFYvFgx4m1ItwT7CQEayN1HDLF6fdtFss2RV7CrRMnIyUIEO9W/zpBDFJIyo04ViptmMn2hthqRnhdFzopIommAxwj7YNFTiiyhtNrx2jE6MEKIylKaHRVP07McKRUsPIN50R1n216E3E/7x2qsNrb8REkmoqyGxRmHKkYzR5HQVMUqL50BBMJDO3ItLHEhNtAprb4vvRmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BMxiYug==</latexit>

U(3)u

<latexit sha1_base64="+2WXim32VmHC1JPwadTq0u79Fz0=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osiuCxgmkLbSibzaZdu9mE3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5fsKZ0rb9ZeWWlldW1/LrhY3Nre2d4u5eQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ74zUcqFYvFvR4m1ItwT7CQEayN1HDLZ8fdm26xZFfsKdBf4mSkBBnq3eJ3J4hJGlGhCcdKtR070d4IS80Ip+NCJ1U0wWSAe7RtqMARVd5oeu0YHRklQGEsTQmNpurviRGOlBpGvumMsO6rRW8i/ue1Ux1eeiMmklRTQWaLwpQjHaPJ6yhgkhLNh4ZgIpm5FZE+lphoE9DcFt+PTpR5rE+DccGk4yxm8Zc0TivOeaV6Vy3VrrKc8nAAh1AGBy6gBrdQBxcIPMAzvMCr9WS9We/Wx6w1Z2Uz+zAH6/MH5ZmYig==</latexit>

U(3)E

<latexit sha1_base64="9LN8TyepfWHEgkUmpBRItX2jQ4M=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevHgoYJpC20om82mXbvZhN2NUErvHr3qj/AmXv0b/gb/hNs2B1t9MPB4b4aZeX7CmdK2/WXllpZXVtfy64WNza3tneLuXkPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ie+M1HKhWLxb0eJtSLcE+wkBGsjdRwy2fH3dtusWRX7CnQX+JkpAQZ6t3idyeISRpRoQnHSrUdO9HeCEvNCKfjQidVNMFkgHu0bajAEVXeaHrtGB0ZJUBhLE0Jjabq74kRjpQaRr7pjLDuq0VvIv7ntVMdXnojJpJUU0Fmi8KUIx2jyesoYJISzYeGYCKZuRWRPpaYaBPQ3Bbfj06UeaxPg3HBpOMsZvGXNE4rznmlelct1a6ynPJwAIdQBgcuoAY3UAcXCDzAM7zAq/VkvVnv1sesNWdlM/swB+vzB/DkmJE=</latexit>

U(3)L Peccei-Quinn charges can be flavor dependent
<latexit sha1_base64="3G2bhr9swirzF/gr+teCuu109zA=">AAACGnicbVDLSsNAFJ3UV62vqBvBzWARXJSSSFGXRRFcuGjBPqANYTKZtEMnkzAzEUqoX+LSrX6EO3Hrxm/wJ5y0WdjWA3M5nHMvd+7xYkalsqxvo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xijm8zvPBIhacQf1DgmTogGnAYUI6Ul1zxqurQCk6z4WbnNyr1LoWuWrao1BVwmdk7KIEfDNX/6foSTkHCFGZKyZ1uxclIkFMWMTEr9RJIY4REakJ6mHIVEOun0ggk81YoPg0joxxWcqn8nUhRKOQ493RkiNZSLXib+5/USFVw5KeVxogjHs0VBwqCKYBYH9KkgWLGxJggLqv8K8RAJhJUObW6L54UVqQ8bEn9S0unYi1ksk/Z51b6o1pq1cv06z6kIjsEJOAM2uAR1cAcaoAUweAIv4BW8Gc/Gu/FhfM5aC0Y+cwjmYHz9Ahx2nuU=</latexit>

Qi, ui, di, Ei, Li

<latexit sha1_base64="3CVEhFAT4si3RcW/uRpqwvAvcF4=">AAACBnicbVBNS8NAEN3Ur1q/qh69BItQQUqiRT0WvXhswbSFNpTNZtKu3d2E3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5QcKo0o7zZeVWVtfWN/Kbha3tnd294v5BU8WpJOCRmMWyHWAFjArwNNUM2okEzAMGrWB4O/VbjyAVjcW9HiXgc9wXNKIEayM1vfLFaa/RK5acijOD/Ze4GSmhDPVe8bsbxiTlIDRhWKmO6yTaH2OpKWEwKXRTBQkmQ9yHjqECc1D+eHbtxD4xSmhHsTQltD1Tf0+MMVdqxAPTybEeqGVvKv7ndVIdXftjKpJUgyDzRVHKbB3b09ftkEogmo0MwURSc6tNBlhiok1AC1uCgJ8p89gAwknBpOMuZ/GXNM8r7mWl2qiWajdZTnl0hI5RGbnoCtXQHaojDxH0gJ7RC3q1nqw36936mLfmrGzmEC3A+vwB+PWYlg==</latexit>

U(3)Q

Calibbi-Goertz-Redigolo-Ziegler-Zupan 2016

Ema-Hamaguchi-Moroi-Nakayama 2016

<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>

@µa

2fa
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A
fi�5fi +

ga��
4

aFµ⌫ F̃µ⌫

<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>

@µa
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f̄iC

A
fi�5fi +

ga��
4

aFµ⌫ F̃µ⌫



Example: Flavor violating axions

<latexit sha1_base64="3ayWStKtsVuO0hPvavH/RA8gKbM=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3U3C7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKchZRVzPNaSuRFAuf06Y/uJ34zScqFYujBz1MqCdwL2IhI1gbqeGWL067QbdYsiv2FGiZOBkpQYZ6t/jTCWKSChppwrFSbcdOtDfCUjPC6bjQSRVNMBngHm0bGmFBlTeaXjtGJ0YJUBhLU5FGU/XvxAgLpYbCN50C675a9Cbif1471eG1N2JRkmoakdmiMOVIx2jyOgqYpETzoSGYSGZuRaSPJSbaBDS3xffFmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BF6uYqQ==</latexit>

U(3)d

<latexit sha1_base64="/K/PARuLL+uYlJlI5eB4GuBQgKA=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3WzC7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ34zScqFYvFgx4m1ItwT7CQEayN1HDLF6fdtFss2RV7CrRMnIyUIEO9W/zpBDFJIyo04ViptmMn2hthqRnhdFzopIommAxwj7YNFTiiyhtNrx2jE6MEKIylKaHRVP07McKRUsPIN50R1n216E3E/7x2qsNrb8REkmoqyGxRmHKkYzR5HQVMUqL50BBMJDO3ItLHEhNtAprb4vvRmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BMxiYug==</latexit>

U(3)u

<latexit sha1_base64="+2WXim32VmHC1JPwadTq0u79Fz0=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osiuCxgmkLbSibzaZdu9mE3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5fsKZ0rb9ZeWWlldW1/LrhY3Nre2d4u5eQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ74zUcqFYvFvR4m1ItwT7CQEayN1HDLZ8fdm26xZFfsKdBf4mSkBBnq3eJ3J4hJGlGhCcdKtR070d4IS80Ip+NCJ1U0wWSAe7RtqMARVd5oeu0YHRklQGEsTQmNpurviRGOlBpGvumMsO6rRW8i/ue1Ux1eeiMmklRTQWaLwpQjHaPJ6yhgkhLNh4ZgIpm5FZE+lphoE9DcFt+PTpR5rE+DccGk4yxm8Zc0TivOeaV6Vy3VrrKc8nAAh1AGBy6gBrdQBxcIPMAzvMCr9WS9We/Wx6w1Z2Uz+zAH6/MH5ZmYig==</latexit>

U(3)E

<latexit sha1_base64="9LN8TyepfWHEgkUmpBRItX2jQ4M=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevHgoYJpC20om82mXbvZhN2NUErvHr3qj/AmXv0b/gb/hNs2B1t9MPB4b4aZeX7CmdK2/WXllpZXVtfy64WNza3tneLuXkPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ie+M1HKhWLxb0eJtSLcE+wkBGsjdRwy2fH3dtusWRX7CnQX+JkpAQZ6t3idyeISRpRoQnHSrUdO9HeCEvNCKfjQidVNMFkgHu0bajAEVXeaHrtGB0ZJUBhLE0Jjabq74kRjpQaRr7pjLDuq0VvIv7ntVMdXnojJpJUU0Fmi8KUIx2jyesoYJISzYeGYCKZuRWRPpaYaBPQ3Bbfj06UeaxPg3HBpOMsZvGXNE4rznmlelct1a6ynPJwAIdQBgcuoAY3UAcXCDzAM7zAq/VkvVnv1sesNWdlM/swB+vzB/DkmJE=</latexit>

U(3)L Peccei-Quinn charges can be flavor dependent
<latexit sha1_base64="3G2bhr9swirzF/gr+teCuu109zA=">AAACGnicbVDLSsNAFJ3UV62vqBvBzWARXJSSSFGXRRFcuGjBPqANYTKZtEMnkzAzEUqoX+LSrX6EO3Hrxm/wJ5y0WdjWA3M5nHMvd+7xYkalsqxvo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xijm8zvPBIhacQf1DgmTogGnAYUI6Ul1zxqurQCk6z4WbnNyr1LoWuWrao1BVwmdk7KIEfDNX/6foSTkHCFGZKyZ1uxclIkFMWMTEr9RJIY4REakJ6mHIVEOun0ggk81YoPg0joxxWcqn8nUhRKOQ493RkiNZSLXib+5/USFVw5KeVxogjHs0VBwqCKYBYH9KkgWLGxJggLqv8K8RAJhJUObW6L54UVqQ8bEn9S0unYi1ksk/Z51b6o1pq1cv06z6kIjsEJOAM2uAR1cAcaoAUweAIv4BW8Gc/Gu/FhfM5aC0Y+cwjmYHz9Ahx2nuU=</latexit>

Qi, ui, di, Ei, Li

<latexit sha1_base64="3CVEhFAT4si3RcW/uRpqwvAvcF4=">AAACBnicbVBNS8NAEN3Ur1q/qh69BItQQUqiRT0WvXhswbSFNpTNZtKu3d2E3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5QcKo0o7zZeVWVtfWN/Kbha3tnd294v5BU8WpJOCRmMWyHWAFjArwNNUM2okEzAMGrWB4O/VbjyAVjcW9HiXgc9wXNKIEayM1vfLFaa/RK5acijOD/Ze4GSmhDPVe8bsbxiTlIDRhWKmO6yTaH2OpKWEwKXRTBQkmQ9yHjqECc1D+eHbtxD4xSmhHsTQltD1Tf0+MMVdqxAPTybEeqGVvKv7ndVIdXftjKpJUgyDzRVHKbB3b09ftkEogmo0MwURSc6tNBlhiok1AC1uCgJ8p89gAwknBpOMuZ/GXNM8r7mWl2qiWajdZTnl0hI5RGbnoCtXQHaojDxH0gJ7RC3q1nqw36936mLfmrGzmEC3A+vwB+PWYlg==</latexit>

U(3)Q

Calibbi-Goertz-Redigolo-Ziegler-Zupan 2016

Ema-Hamaguchi-Moroi-Nakayama 2016

X
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<latexit sha1_base64="HO+nciF4oC/Z0I1/TrHQYJePHP4="></latexit>

Feng-Murayama-Moroi-Shnapka  1998

<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>
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<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>
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Example: Flavor violating axions

<latexit sha1_base64="3ayWStKtsVuO0hPvavH/RA8gKbM=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3U3C7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKchZRVzPNaSuRFAuf06Y/uJ34zScqFYujBz1MqCdwL2IhI1gbqeGWL067QbdYsiv2FGiZOBkpQYZ6t/jTCWKSChppwrFSbcdOtDfCUjPC6bjQSRVNMBngHm0bGmFBlTeaXjtGJ0YJUBhLU5FGU/XvxAgLpYbCN50C675a9Cbif1471eG1N2JRkmoakdmiMOVIx2jyOgqYpETzoSGYSGZuRaSPJSbaBDS3xffFmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BF6uYqQ==</latexit>

U(3)d

<latexit sha1_base64="/K/PARuLL+uYlJlI5eB4GuBQgKA=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3WzC7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ34zScqFYvFgx4m1ItwT7CQEayN1HDLF6fdtFss2RV7CrRMnIyUIEO9W/zpBDFJIyo04ViptmMn2hthqRnhdFzopIommAxwj7YNFTiiyhtNrx2jE6MEKIylKaHRVP07McKRUsPIN50R1n216E3E/7x2qsNrb8REkmoqyGxRmHKkYzR5HQVMUqL50BBMJDO3ItLHEhNtAprb4vvRmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BMxiYug==</latexit>

U(3)u

<latexit sha1_base64="+2WXim32VmHC1JPwadTq0u79Fz0=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osiuCxgmkLbSibzaZdu9mE3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5fsKZ0rb9ZeWWlldW1/LrhY3Nre2d4u5eQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ74zUcqFYvFvR4m1ItwT7CQEayN1HDLZ8fdm26xZFfsKdBf4mSkBBnq3eJ3J4hJGlGhCcdKtR070d4IS80Ip+NCJ1U0wWSAe7RtqMARVd5oeu0YHRklQGEsTQmNpurviRGOlBpGvumMsO6rRW8i/ue1Ux1eeiMmklRTQWaLwpQjHaPJ6yhgkhLNh4ZgIpm5FZE+lphoE9DcFt+PTpR5rE+DccGk4yxm8Zc0TivOeaV6Vy3VrrKc8nAAh1AGBy6gBrdQBxcIPMAzvMCr9WS9We/Wx6w1Z2Uz+zAH6/MH5ZmYig==</latexit>

U(3)E

<latexit sha1_base64="9LN8TyepfWHEgkUmpBRItX2jQ4M=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevHgoYJpC20om82mXbvZhN2NUErvHr3qj/AmXv0b/gb/hNs2B1t9MPB4b4aZeX7CmdK2/WXllpZXVtfy64WNza3tneLuXkPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ie+M1HKhWLxb0eJtSLcE+wkBGsjdRwy2fH3dtusWRX7CnQX+JkpAQZ6t3idyeISRpRoQnHSrUdO9HeCEvNCKfjQidVNMFkgHu0bajAEVXeaHrtGB0ZJUBhLE0Jjabq74kRjpQaRr7pjLDuq0VvIv7ntVMdXnojJpJUU0Fmi8KUIx2jyesoYJISzYeGYCKZuRWRPpaYaBPQ3Bbfj06UeaxPg3HBpOMsZvGXNE4rznmlelct1a6ynPJwAIdQBgcuoAY3UAcXCDzAM7zAq/VkvVnv1sesNWdlM/swB+vzB/DkmJE=</latexit>

U(3)L Peccei-Quinn charges can be flavor dependent
<latexit sha1_base64="3G2bhr9swirzF/gr+teCuu109zA=">AAACGnicbVDLSsNAFJ3UV62vqBvBzWARXJSSSFGXRRFcuGjBPqANYTKZtEMnkzAzEUqoX+LSrX6EO3Hrxm/wJ5y0WdjWA3M5nHMvd+7xYkalsqxvo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xijm8zvPBIhacQf1DgmTogGnAYUI6Ul1zxqurQCk6z4WbnNyr1LoWuWrao1BVwmdk7KIEfDNX/6foSTkHCFGZKyZ1uxclIkFMWMTEr9RJIY4REakJ6mHIVEOun0ggk81YoPg0joxxWcqn8nUhRKOQ493RkiNZSLXib+5/USFVw5KeVxogjHs0VBwqCKYBYH9KkgWLGxJggLqv8K8RAJhJUObW6L54UVqQ8bEn9S0unYi1ksk/Z51b6o1pq1cv06z6kIjsEJOAM2uAR1cAcaoAUweAIv4BW8Gc/Gu/FhfM5aC0Y+cwjmYHz9Ahx2nuU=</latexit>

Qi, ui, di, Ei, Li

<latexit sha1_base64="3CVEhFAT4si3RcW/uRpqwvAvcF4=">AAACBnicbVBNS8NAEN3Ur1q/qh69BItQQUqiRT0WvXhswbSFNpTNZtKu3d2E3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5QcKo0o7zZeVWVtfWN/Kbha3tnd294v5BU8WpJOCRmMWyHWAFjArwNNUM2okEzAMGrWB4O/VbjyAVjcW9HiXgc9wXNKIEayM1vfLFaa/RK5acijOD/Ze4GSmhDPVe8bsbxiTlIDRhWKmO6yTaH2OpKWEwKXRTBQkmQ9yHjqECc1D+eHbtxD4xSmhHsTQltD1Tf0+MMVdqxAPTybEeqGVvKv7ndVIdXftjKpJUgyDzRVHKbB3b09ftkEogmo0MwURSc6tNBlhiok1AC1uCgJ8p89gAwknBpOMuZ/GXNM8r7mWl2qiWajdZTnl0hI5RGbnoCtXQHaojDxH0gJ7RC3q1nqw36936mLfmrGzmEC3A+vwB+PWYlg==</latexit>

U(3)Q

The hierarchy FLAVOR-DIAGONAL  vs FLAVOR-VIOLATING  
depends on the UV flavor theory

Calibbi-Goertz-Redigolo-Ziegler-Zupan 2016

Ema-Hamaguchi-Moroi-Nakayama 2016
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<latexit sha1_base64="HO+nciF4oC/Z0I1/TrHQYJePHP4="></latexit>

Feng-Murayama-Moroi-Shnapka  1998

<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>
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Example: Flavor violating axions

<latexit sha1_base64="3ayWStKtsVuO0hPvavH/RA8gKbM=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3U3C7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKchZRVzPNaSuRFAuf06Y/uJ34zScqFYujBz1MqCdwL2IhI1gbqeGWL067QbdYsiv2FGiZOBkpQYZ6t/jTCWKSChppwrFSbcdOtDfCUjPC6bjQSRVNMBngHm0bGmFBlTeaXjtGJ0YJUBhLU5FGU/XvxAgLpYbCN50C675a9Cbif1471eG1N2JRkmoakdmiMOVIx2jyOgqYpETzoSGYSGZuRaSPJSbaBDS3xffFmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BF6uYqQ==</latexit>

U(3)d

<latexit sha1_base64="/K/PARuLL+uYlJlI5eB4GuBQgKA=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevFYwbSFNpTNZtOu3WzC7kYopXePXvVHeBOv/g1/g3/CbZuDbX0w8Hhvhpl5fsKZ0rb9beVWVtfWN/Kbha3tnd294v5BQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ34zScqFYvFgx4m1ItwT7CQEayN1HDLF6fdtFss2RV7CrRMnIyUIEO9W/zpBDFJIyo04ViptmMn2hthqRnhdFzopIommAxwj7YNFTiiyhtNrx2jE6MEKIylKaHRVP07McKRUsPIN50R1n216E3E/7x2qsNrb8REkmoqyGxRmHKkYzR5HQVMUqL50BBMJDO3ItLHEhNtAprb4vvRmTKP9WkwLph0nMUslknjvOJcVqr31VLtJsspD0dwDGVw4ApqcAd1cIHAI7zAK7xZz9a79WF9zlpzVjZzCHOwvn4BMxiYug==</latexit>

U(3)u

<latexit sha1_base64="+2WXim32VmHC1JPwadTq0u79Fz0=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osiuCxgmkLbSibzaZdu9mE3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5fsKZ0rb9ZeWWlldW1/LrhY3Nre2d4u5eQ8WpJNQlMY9ly8eKciaoq5nmtJVIiiOf06Y/uJ74zUcqFYvFvR4m1ItwT7CQEayN1HDLZ8fdm26xZFfsKdBf4mSkBBnq3eJ3J4hJGlGhCcdKtR070d4IS80Ip+NCJ1U0wWSAe7RtqMARVd5oeu0YHRklQGEsTQmNpurviRGOlBpGvumMsO6rRW8i/ue1Ux1eeiMmklRTQWaLwpQjHaPJ6yhgkhLNh4ZgIpm5FZE+lphoE9DcFt+PTpR5rE+DccGk4yxm8Zc0TivOeaV6Vy3VrrKc8nAAh1AGBy6gBrdQBxcIPMAzvMCr9WS9We/Wx6w1Z2Uz+zAH6/MH5ZmYig==</latexit>

U(3)E

<latexit sha1_base64="9LN8TyepfWHEgkUmpBRItX2jQ4M=">AAACBnicbVBNS8NAEJ3Ur1q/qh69LBahgpREi3osevHgoYJpC20om82mXbvZhN2NUErvHr3qj/AmXv0b/gb/hNs2B1t9MPB4b4aZeX7CmdK2/WXllpZXVtfy64WNza3tneLuXkPFqSTUJTGPZcvHinImqKuZ5rSVSIojn9OmP7ie+M1HKhWLxb0eJtSLcE+wkBGsjdRwy2fH3dtusWRX7CnQX+JkpAQZ6t3idyeISRpRoQnHSrUdO9HeCEvNCKfjQidVNMFkgHu0bajAEVXeaHrtGB0ZJUBhLE0Jjabq74kRjpQaRr7pjLDuq0VvIv7ntVMdXnojJpJUU0Fmi8KUIx2jyesoYJISzYeGYCKZuRWRPpaYaBPQ3Bbfj06UeaxPg3HBpOMsZvGXNE4rznmlelct1a6ynPJwAIdQBgcuoAY3UAcXCDzAM7zAq/VkvVnv1sesNWdlM/swB+vzB/DkmJE=</latexit>

U(3)L Peccei-Quinn charges can be flavor dependent
<latexit sha1_base64="3G2bhr9swirzF/gr+teCuu109zA=">AAACGnicbVDLSsNAFJ3UV62vqBvBzWARXJSSSFGXRRFcuGjBPqANYTKZtEMnkzAzEUqoX+LSrX6EO3Hrxm/wJ5y0WdjWA3M5nHMvd+7xYkalsqxvo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xijm8zvPBIhacQf1DgmTogGnAYUI6Ul1zxqurQCk6z4WbnNyr1LoWuWrao1BVwmdk7KIEfDNX/6foSTkHCFGZKyZ1uxclIkFMWMTEr9RJIY4REakJ6mHIVEOun0ggk81YoPg0joxxWcqn8nUhRKOQ493RkiNZSLXib+5/USFVw5KeVxogjHs0VBwqCKYBYH9KkgWLGxJggLqv8K8RAJhJUObW6L54UVqQ8bEn9S0unYi1ksk/Z51b6o1pq1cv06z6kIjsEJOAM2uAR1cAcaoAUweAIv4BW8Gc/Gu/FhfM5aC0Y+cwjmYHz9Ahx2nuU=</latexit>

Qi, ui, di, Ei, Li

<latexit sha1_base64="3CVEhFAT4si3RcW/uRpqwvAvcF4=">AAACBnicbVBNS8NAEN3Ur1q/qh69BItQQUqiRT0WvXhswbSFNpTNZtKu3d2E3Y1QSu8eveqP8CZe/Rv+Bv+E2zYHW30w8Hhvhpl5QcKo0o7zZeVWVtfWN/Kbha3tnd294v5BU8WpJOCRmMWyHWAFjArwNNUM2okEzAMGrWB4O/VbjyAVjcW9HiXgc9wXNKIEayM1vfLFaa/RK5acijOD/Ze4GSmhDPVe8bsbxiTlIDRhWKmO6yTaH2OpKWEwKXRTBQkmQ9yHjqECc1D+eHbtxD4xSmhHsTQltD1Tf0+MMVdqxAPTybEeqGVvKv7ndVIdXftjKpJUgyDzRVHKbB3b09ftkEogmo0MwURSc6tNBlhiok1AC1uCgJ8p89gAwknBpOMuZ/GXNM8r7mWl2qiWajdZTnl0hI5RGbnoCtXQHaojDxH0gJ7RC3q1nqw36936mLfmrGzmEC3A+vwB+PWYlg==</latexit>

U(3)Q

The hierarchy FLAVOR-DIAGONAL  vs FLAVOR-VIOLATING  
depends on the UV flavor theory

Calibbi-Goertz-Redigolo-Ziegler-Zupan 2016

Ema-Hamaguchi-Moroi-Nakayama 2016
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<latexit sha1_base64="HO+nciF4oC/Z0I1/TrHQYJePHP4="></latexit>

Feng-Murayama-Moroi-Shnapka  1998

Flavor Anarchy:
<latexit sha1_base64="1m9H99cIPIHROtbA0JETjqx2P/c="></latexit>

CA,V
ij (⇤UV) ⇠ O(1)

Minimal Flavor Violation:
<latexit sha1_base64="FtHpG+UGRef6t52e+Jex0B6uYE4="></latexit>

CA,V
ij (⇤UV) = 0

<latexit sha1_base64="KaExtQ59a7bKRcFja4TbdCn1JKA="></latexit>
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Flavor violating axions freeze-in

The axion abundance is produced through leptonic FV decays 

The axion should be long-lived to avoid constraints from gamma-lines

<latexit sha1_base64="WVDvrvVnOkXJWySJ0fJ55VxgrLc=">AAACFXicjVDLSgNBEJyNrxhfUY9eBoPgQeJGJHoM5uIxgnlANiy9k95kdHZ2nZkNhCU/4cVf8eJBEa+CN//GzQNRUbBghqKqm+4uLxJcG9t+tzJz8wuLS9nl3Mrq2vpGfnOrocNYMayzUISq5YFGwSXWDTcCW5FCCDyBTe+6OvabA1Sah/LSDCPsBNCT3OcMTCq5+QPHgHRARH1w8CbmA1p1EweFcPno8JNO/quRmy+UivYE9G9SIDPU3Pyb0w1ZHKA0TIDW7ZIdmU4CynAmcJRzYo0RsGvoYTulEgLUnWRy1YjupUqX+qFKnzR0on7tSCDQehh4aWUApq9/emPxN68dG/+0k3AZxQYlmw7yY0FNSMcR0S5XyIwYpgSY4umulPVBATNpkLn/hdA4KpbKxfLFcaFyNosjS3bILtknJXJCKuSc1EidMHJL7skjebLurAfr2XqZlmasWc82+Qbr9QNoX5+f</latexit>

tan↵ ⌘ C`i/C`i`j

This simple DM production mechanism sets a target for LFV experiments



<latexit sha1_base64="kfyDMVs+gb8pqpJrJA+wAFlckB0=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5idnd0MmZldZmaFEHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VpJxp47rfztLyyuraemGjuLm1vbNb2ttv6CRThNZJwhPVCrCmnElaN8xw2koVxSLgtBn0b8d+84kqzRL5aAYp9QWOJYsYwcZKD3E36pbKbsWdAC0SLydlyFHrln46YUIyQaUhHGvd9tzU+EOsDCOcjoqdTNMUkz6OadtSiQXV/nBy6ggdWyVEUaJsSYMm6t+JIRZaD0RgOwU2PT3vjcX/vHZmomt/yGSaGSrJdFGUcWQSNP4bhUxRYvjAEkwUs7ci0sMKE2PTmdkSBOJU28d6NBwVbTrefBaLpHFW8S4r5/cX5epNnlMBDuEITsCDK6jCHdSgDgRieIFXeHOenXfnw/mcti45+cwBzMD5+gXxHJga</latexit>gf

<latexit sha1_base64="RBnrOcD77aTASEOA+wAYi14n+5w=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVUY9BL16ECOaByRJmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4d+/RGU5pG8x0EMXki7knc4o2ikhxbCE6a3UMvahaJTckaw54k7IUUyQaVd+GkFEUtCkMgE1brpOjF6KVXImYAs30o0xJT1aReahkoagvbS0cWZfWiUwO5EypREe6T+nUhpqPUg9E1nSLGnZ72h+J/XTLBz6aVcxgmCZONFnUTYGNnD9+2AK2AoBoZQpri51WY9qihDE9LUFt8Pj7V5rAdBljfpuLNZzJPaSck9L53enRXLV5OccmSfHJAj4pILUiY3pEKqhBFJXsgrebOerXfrw/octy5Yk5k9MgXr6xfLYZtV</latexit>

MeV

<latexit sha1_base64="jUhjHH0JI1w7BDsxMdtRO14HXMg=">AAACFHicbVDJSgNBEO1xjXGL8eilMQgeNMyoqMegF8FLBLNAMoSenkrSpGehu0YShvyGR6/6Ed7Eq3e/wZ+wsxxM4oOCx3tVVNXzYik02va3tbS8srq2ntnIbm5t7+zm9vJVHSWKQ4VHMlJ1j2mQIoQKCpRQjxWwwJNQ83q3I7/2BEqLKHzEQQxuwDqhaAvO0EitXN6xTx3bpk2EPqb0HqrDVq5gF+0x6CJxpqRApii3cj9NP+JJACFyybRuOHaMbsoUCi5hmG0mGmLGe6wDDUNDFoB20/HtQ3pkFJ+2I2UqRDpW/06kLNB6EHimM2DY1fPeSPzPayTYvnZTEcYJQsgni9qJpBjRURDUFwo4yoEhjCthbqW8yxTjaOKa2eJ5wYk2j3XBH2ZNOs58FoukelZ0LovnDxeF0s00pww5IIfkmDjkipTIHSmTCuGkT17IK3mznq1368P6nLQuWdOZfTID6+sXtyedMw==</latexit>

10� 100 KeV

<latexit sha1_base64="rsPOo8RRc0V33EKw3RP7m18I91k=">AAACE3icbVDLTgJBEJzFF+IL9OhlIjHxYMiuGvXggejFIybySFhCZocGJsw+MtOrkg2f4dGrfoQ349UP8Bv8CQfYg4CVdFKp6k53lxdJodG2v63M0vLK6lp2PbexubW9ky/s1nQYKw5VHspQNTymQYoAqihQQiNSwHxPQt0b3Iz9+gMoLcLgHocRtHzWC0RXcIZGaucLLrL4ynERnjChGvionS/aJXsCukiclBRJiko7/+N2Qh77ECCXTOumY0fYSphCwSWMcm6sIWJ8wHrQNDRgPuhWMjl9RA+N0qHdUJkKkE7UvxMJ87Ue+p7p9Bn29bw3Fv/zmjF2L1uJCKIYIeDTRd1YUgzpOAfaEQo4yqEhjCthbqW8zxTjaNKa2eJ5/rE2j/WhM8qZdJz5LBZJ7aTknJdO786K5es0pyzZJwfkiDjkgpTJLamQKuHkkbyQV/JmPVvv1of1OW3NWOnMHpmB9fULSSeeMg==</latexit>

⌧ < 1 sec

<latexit sha1_base64="+EVQuGcacm6SFrctpQ6loNF73Gk=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5id7U2GzMwuM7NCWHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VJJxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4HfvNJ1CaxfLRDBPwBelJFjFKjJUeRJd0S2W34k6AF4mXkzLKUeuWfjphTFMB0lBOtG57bmL8jCjDKIdRsZNqSAgdkB60LZVEgPazyakjfGyVEEexsiUNnqh/JzIitB6KwHYKYvp63huL/3nt1ETXfsZkkhqQdLooSjk2MR7/jUOmgBo+tIRQxeytmPaJItTYdGa2BIE41faxPoSjok3Hm89ikTTOKt5l5fz+oly9yXMqoEN0hE6Qh65QFd2hGqojinroBb2iN+fZeXc+nM9p65KTzxygGThfv/LFmBs=</latexit>ma
<latexit sha1_base64="qv4GgM9J1tPY8aenB764Nz5cbHg=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoNgIeFORS2DNpYRvCSQHGFvby9Zsrt37O4JIaS2tNUfYSe2/g5/g3/CTXKFSXww8Hhvhpl5YcqZNq777RRWVtfWN4qbpa3tnd298v5BQyeZItQnCU9UK8Saciapb5jhtJUqikXIaTMc3E385hNVmiXy0QxTGgjckyxmBBsr+aLbEVm3XHGr7hRomXg5qUCOerf804kSkgkqDeFY67bnpiYYYWUY4XRc6mSappgMcI+2LZVYUB2MpseO0YlVIhQnypY0aKr+nRhhofVQhLZTYNPXi95E/M9rZya+CUZMppmhkswWxRlHJkGTz1HEFCWGDy3BRDF7KyJ9rDAxNp+5LWEozrR9rE+jccmm4y1msUwa51XvqnrxcFmp3eY5FeEIjuEUPLiGGtxDHXwgwOAFXuHNeXbenQ/nc9ZacPKZQ5iD8/ULpC2ZDA==</latexit>mµ

<latexit sha1_base64="pg9W0ym5KX+k1CoXN3vrnDrWtNQ=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoMehG8RDQPSJYwO9tJhszMLjOzQlhy9OhVP8KbePVD/AZ/wkmyB5NY0FBUddPdFcScaeO6305uaXlldS2/XtjY3NreKe7u1XWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMY3Iz9xhMozSL5aIYx+IL0JOsySoyVHkTnrlMsuWV3ArxIvIyUUIZqp/jTDiOaCJCGcqJ1y3Nj46dEGUY5jArtRENM6ID0oGWpJAK0n05OHeEjq4S4Gylb0uCJ+nciJULroQhspyCmr+e9sfif10pM98pPmYwTA5JOF3UTjk2Ex3/jkCmghg8tIVQxeyumfaIINTadmS1BIE60fawP4ahg0/Hms1gk9dOyd1E+uz8vVa6znPLoAB2iY+ShS1RBt6iKaoiiHnpBr+jNeXbenQ/nc9qac7KZfTQD5+sXz0eYBQ==</latexit>mK
<latexit sha1_base64="PLMq1SD7LqDCttXhlqSvU7glLeU=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoM8eIxonlAsoTZ2U4yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEUajTiEeqFRANnEmoG2Y4tGIFRAQcmsHwduI3n0BpFslHM4rBF6QvWY9RYqz0ILrVbrHklt0p8DLxMlJCGWrd4k8njGgiQBrKidZtz42NnxJlGOUwLnQSDTGhQ9KHtqWSCNB+Oj11jE+sEuJepGxJg6fq34mUCK1HIrCdgpiBXvQm4n9eOzG9Gz9lMk4MSDpb1Es4NhGe/I1DpoAaPrKEUMXsrZgOiCLU2HTmtgSBONP2sQGE44JNx1vMYpk0zsveVfni/rJUqWY55dEROkanyEPXqILuUA3VEUV99IJe0Zvz7Lw7H87nrDXnZDOHaA7O1y/Awpf8</latexit>mB

<latexit sha1_base64="r7bNG5afpIRO0maNL1k+lIRXM9I=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmAckS5idnU3GzMwuM71CWHL36FU/wpt49Tf8Bn/CSbIHk1jQUFR1090VJIIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqyuo0FrFuBcQwwRWrAwfBWolmRAaCNYPB7dhvPjFteKweYJgwX5Ke4hGnBKzUkN0OkLRbKrsVdwK8SLyclFGOWrf00wljmkqmgApiTNtzE/AzooFTwUbFTmpYQuiA9FjbUkUkM342uXaEj60S4ijWthTgifp3IiPSmKEMbKck0Dfz3lj8z2unEF37GVdJCkzR6aIoFRhiPH4dh1wzCmJoCaGa21sx7RNNKNiAZrYEgTw19rE+C0dFm443n8UiaZxVvMvK+f1FuXqT51RAh+gInSAPXaEqukM1VEcUPaIX9IrenGfn3flwPqetS04+c4Bm4Hz9AnMNmX4=</latexit>m⌧
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<latexit sha1_base64="kfyDMVs+gb8pqpJrJA+wAFlckB0=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5idnd0MmZldZmaFEHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VpJxp47rfztLyyuraemGjuLm1vbNb2ttv6CRThNZJwhPVCrCmnElaN8xw2koVxSLgtBn0b8d+84kqzRL5aAYp9QWOJYsYwcZKD3E36pbKbsWdAC0SLydlyFHrln46YUIyQaUhHGvd9tzU+EOsDCOcjoqdTNMUkz6OadtSiQXV/nBy6ggdWyVEUaJsSYMm6t+JIRZaD0RgOwU2PT3vjcX/vHZmomt/yGSaGSrJdFGUcWQSNP4bhUxRYvjAEkwUs7ci0sMKE2PTmdkSBOJU28d6NBwVbTrefBaLpHFW8S4r5/cX5epNnlMBDuEITsCDK6jCHdSgDgRieIFXeHOenXfnw/mcti45+cwBzMD5+gXxHJga</latexit>gf

<latexit sha1_base64="RBnrOcD77aTASEOA+wAYi14n+5w=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVUY9BL16ECOaByRJmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4d+/RGU5pG8x0EMXki7knc4o2ikhxbCE6a3UMvahaJTckaw54k7IUUyQaVd+GkFEUtCkMgE1brpOjF6KVXImYAs30o0xJT1aReahkoagvbS0cWZfWiUwO5EypREe6T+nUhpqPUg9E1nSLGnZ72h+J/XTLBz6aVcxgmCZONFnUTYGNnD9+2AK2AoBoZQpri51WY9qihDE9LUFt8Pj7V5rAdBljfpuLNZzJPaSck9L53enRXLV5OccmSfHJAj4pILUiY3pEKqhBFJXsgrebOerXfrw/octy5Yk5k9MgXr6xfLYZtV</latexit>

MeV

<latexit sha1_base64="jUhjHH0JI1w7BDsxMdtRO14HXMg=">AAACFHicbVDJSgNBEO1xjXGL8eilMQgeNMyoqMegF8FLBLNAMoSenkrSpGehu0YShvyGR6/6Ed7Eq3e/wZ+wsxxM4oOCx3tVVNXzYik02va3tbS8srq2ntnIbm5t7+zm9vJVHSWKQ4VHMlJ1j2mQIoQKCpRQjxWwwJNQ83q3I7/2BEqLKHzEQQxuwDqhaAvO0EitXN6xTx3bpk2EPqb0HqrDVq5gF+0x6CJxpqRApii3cj9NP+JJACFyybRuOHaMbsoUCi5hmG0mGmLGe6wDDUNDFoB20/HtQ3pkFJ+2I2UqRDpW/06kLNB6EHimM2DY1fPeSPzPayTYvnZTEcYJQsgni9qJpBjRURDUFwo4yoEhjCthbqW8yxTjaOKa2eJ5wYk2j3XBH2ZNOs58FoukelZ0LovnDxeF0s00pww5IIfkmDjkipTIHSmTCuGkT17IK3mznq1368P6nLQuWdOZfTID6+sXtyedMw==</latexit>

10� 100 KeV

<latexit sha1_base64="rsPOo8RRc0V33EKw3RP7m18I91k=">AAACE3icbVDLTgJBEJzFF+IL9OhlIjHxYMiuGvXggejFIybySFhCZocGJsw+MtOrkg2f4dGrfoQ349UP8Bv8CQfYg4CVdFKp6k53lxdJodG2v63M0vLK6lp2PbexubW9ky/s1nQYKw5VHspQNTymQYoAqihQQiNSwHxPQt0b3Iz9+gMoLcLgHocRtHzWC0RXcIZGaucLLrL4ynERnjChGvionS/aJXsCukiclBRJiko7/+N2Qh77ECCXTOumY0fYSphCwSWMcm6sIWJ8wHrQNDRgPuhWMjl9RA+N0qHdUJkKkE7UvxMJ87Ue+p7p9Bn29bw3Fv/zmjF2L1uJCKIYIeDTRd1YUgzpOAfaEQo4yqEhjCthbqW8zxTjaNKa2eJ5/rE2j/WhM8qZdJz5LBZJ7aTknJdO786K5es0pyzZJwfkiDjkgpTJLamQKuHkkbyQV/JmPVvv1of1OW3NWOnMHpmB9fULSSeeMg==</latexit>

⌧ < 1 sec

<latexit sha1_base64="+EVQuGcacm6SFrctpQ6loNF73Gk=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5id7U2GzMwuM7NCWHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VJJxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4HfvNJ1CaxfLRDBPwBelJFjFKjJUeRJd0S2W34k6AF4mXkzLKUeuWfjphTFMB0lBOtG57bmL8jCjDKIdRsZNqSAgdkB60LZVEgPazyakjfGyVEEexsiUNnqh/JzIitB6KwHYKYvp63huL/3nt1ETXfsZkkhqQdLooSjk2MR7/jUOmgBo+tIRQxeytmPaJItTYdGa2BIE41faxPoSjok3Hm89ikTTOKt5l5fz+oly9yXMqoEN0hE6Qh65QFd2hGqojinroBb2iN+fZeXc+nM9p65KTzxygGThfv/LFmBs=</latexit>ma
<latexit sha1_base64="qv4GgM9J1tPY8aenB764Nz5cbHg=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoNgIeFORS2DNpYRvCSQHGFvby9Zsrt37O4JIaS2tNUfYSe2/g5/g3/CTXKFSXww8Hhvhpl5YcqZNq777RRWVtfWN4qbpa3tnd298v5BQyeZItQnCU9UK8Saciapb5jhtJUqikXIaTMc3E385hNVmiXy0QxTGgjckyxmBBsr+aLbEVm3XHGr7hRomXg5qUCOerf804kSkgkqDeFY67bnpiYYYWUY4XRc6mSappgMcI+2LZVYUB2MpseO0YlVIhQnypY0aKr+nRhhofVQhLZTYNPXi95E/M9rZya+CUZMppmhkswWxRlHJkGTz1HEFCWGDy3BRDF7KyJ9rDAxNp+5LWEozrR9rE+jccmm4y1msUwa51XvqnrxcFmp3eY5FeEIjuEUPLiGGtxDHXwgwOAFXuHNeXbenQ/nc9ZacPKZQ5iD8/ULpC2ZDA==</latexit>mµ

<latexit sha1_base64="pg9W0ym5KX+k1CoXN3vrnDrWtNQ=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoMehG8RDQPSJYwO9tJhszMLjOzQlhy9OhVP8KbePVD/AZ/wkmyB5NY0FBUddPdFcScaeO6305uaXlldS2/XtjY3NreKe7u1XWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMY3Iz9xhMozSL5aIYx+IL0JOsySoyVHkTnrlMsuWV3ArxIvIyUUIZqp/jTDiOaCJCGcqJ1y3Nj46dEGUY5jArtRENM6ID0oGWpJAK0n05OHeEjq4S4Gylb0uCJ+nciJULroQhspyCmr+e9sfif10pM98pPmYwTA5JOF3UTjk2Ex3/jkCmghg8tIVQxeyumfaIINTadmS1BIE60fawP4ahg0/Hms1gk9dOyd1E+uz8vVa6znPLoAB2iY+ShS1RBt6iKaoiiHnpBr+jNeXbenQ/nc9qac7KZfTQD5+sXz0eYBQ==</latexit>mK
<latexit sha1_base64="PLMq1SD7LqDCttXhlqSvU7glLeU=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoM8eIxonlAsoTZ2U4yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEUajTiEeqFRANnEmoG2Y4tGIFRAQcmsHwduI3n0BpFslHM4rBF6QvWY9RYqz0ILrVbrHklt0p8DLxMlJCGWrd4k8njGgiQBrKidZtz42NnxJlGOUwLnQSDTGhQ9KHtqWSCNB+Oj11jE+sEuJepGxJg6fq34mUCK1HIrCdgpiBXvQm4n9eOzG9Gz9lMk4MSDpb1Es4NhGe/I1DpoAaPrKEUMXsrZgOiCLU2HTmtgSBONP2sQGE44JNx1vMYpk0zsveVfni/rJUqWY55dEROkanyEPXqILuUA3VEUV99IJe0Zvz7Lw7H87nrDXnZDOHaA7O1y/Awpf8</latexit>mB

<latexit sha1_base64="r7bNG5afpIRO0maNL1k+lIRXM9I=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmAckS5idnU3GzMwuM71CWHL36FU/wpt49Tf8Bn/CSbIHk1jQUFR1090VJIIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqyuo0FrFuBcQwwRWrAwfBWolmRAaCNYPB7dhvPjFteKweYJgwX5Ke4hGnBKzUkN0OkLRbKrsVdwK8SLyclFGOWrf00wljmkqmgApiTNtzE/AzooFTwUbFTmpYQuiA9FjbUkUkM342uXaEj60S4ijWthTgifp3IiPSmKEMbKck0Dfz3lj8z2unEF37GVdJCkzR6aIoFRhiPH4dh1wzCmJoCaGa21sx7RNNKNiAZrYEgTw19rE+C0dFm443n8UiaZxVvMvK+f1FuXqT51RAh+gInSAPXaEqukM1VEcUPaIX9IrenGfn3flwPqetS04+c4Bm4Hz9AnMNmX4=</latexit>m⌧
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<latexit sha1_base64="kfyDMVs+gb8pqpJrJA+wAFlckB0=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5idnd0MmZldZmaFEHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VpJxp47rfztLyyuraemGjuLm1vbNb2ttv6CRThNZJwhPVCrCmnElaN8xw2koVxSLgtBn0b8d+84kqzRL5aAYp9QWOJYsYwcZKD3E36pbKbsWdAC0SLydlyFHrln46YUIyQaUhHGvd9tzU+EOsDCOcjoqdTNMUkz6OadtSiQXV/nBy6ggdWyVEUaJsSYMm6t+JIRZaD0RgOwU2PT3vjcX/vHZmomt/yGSaGSrJdFGUcWQSNP4bhUxRYvjAEkwUs7ci0sMKE2PTmdkSBOJU28d6NBwVbTrefBaLpHFW8S4r5/cX5epNnlMBDuEITsCDK6jCHdSgDgRieIFXeHOenXfnw/mcti45+cwBzMD5+gXxHJga</latexit>gf

<latexit sha1_base64="RBnrOcD77aTASEOA+wAYi14n+5w=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVUY9BL16ECOaByRJmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4d+/RGU5pG8x0EMXki7knc4o2ikhxbCE6a3UMvahaJTckaw54k7IUUyQaVd+GkFEUtCkMgE1brpOjF6KVXImYAs30o0xJT1aReahkoagvbS0cWZfWiUwO5EypREe6T+nUhpqPUg9E1nSLGnZ72h+J/XTLBz6aVcxgmCZONFnUTYGNnD9+2AK2AoBoZQpri51WY9qihDE9LUFt8Pj7V5rAdBljfpuLNZzJPaSck9L53enRXLV5OccmSfHJAj4pILUiY3pEKqhBFJXsgrebOerXfrw/octy5Yk5k9MgXr6xfLYZtV</latexit>

MeV

<latexit sha1_base64="jUhjHH0JI1w7BDsxMdtRO14HXMg=">AAACFHicbVDJSgNBEO1xjXGL8eilMQgeNMyoqMegF8FLBLNAMoSenkrSpGehu0YShvyGR6/6Ed7Eq3e/wZ+wsxxM4oOCx3tVVNXzYik02va3tbS8srq2ntnIbm5t7+zm9vJVHSWKQ4VHMlJ1j2mQIoQKCpRQjxWwwJNQ83q3I7/2BEqLKHzEQQxuwDqhaAvO0EitXN6xTx3bpk2EPqb0HqrDVq5gF+0x6CJxpqRApii3cj9NP+JJACFyybRuOHaMbsoUCi5hmG0mGmLGe6wDDUNDFoB20/HtQ3pkFJ+2I2UqRDpW/06kLNB6EHimM2DY1fPeSPzPayTYvnZTEcYJQsgni9qJpBjRURDUFwo4yoEhjCthbqW8yxTjaOKa2eJ5wYk2j3XBH2ZNOs58FoukelZ0LovnDxeF0s00pww5IIfkmDjkipTIHSmTCuGkT17IK3mznq1368P6nLQuWdOZfTID6+sXtyedMw==</latexit>

10� 100 KeV

<latexit sha1_base64="rsPOo8RRc0V33EKw3RP7m18I91k=">AAACE3icbVDLTgJBEJzFF+IL9OhlIjHxYMiuGvXggejFIybySFhCZocGJsw+MtOrkg2f4dGrfoQ349UP8Bv8CQfYg4CVdFKp6k53lxdJodG2v63M0vLK6lp2PbexubW9ky/s1nQYKw5VHspQNTymQYoAqihQQiNSwHxPQt0b3Iz9+gMoLcLgHocRtHzWC0RXcIZGaucLLrL4ynERnjChGvionS/aJXsCukiclBRJiko7/+N2Qh77ECCXTOumY0fYSphCwSWMcm6sIWJ8wHrQNDRgPuhWMjl9RA+N0qHdUJkKkE7UvxMJ87Ue+p7p9Bn29bw3Fv/zmjF2L1uJCKIYIeDTRd1YUgzpOAfaEQo4yqEhjCthbqW8zxTjaNKa2eJ5/rE2j/WhM8qZdJz5LBZJ7aTknJdO786K5es0pyzZJwfkiDjkgpTJLamQKuHkkbyQV/JmPVvv1of1OW3NWOnMHpmB9fULSSeeMg==</latexit>

⌧ < 1 sec

<latexit sha1_base64="+EVQuGcacm6SFrctpQ6loNF73Gk=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmgckS5id7U2GzMwuM7NCWHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VJJxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4HfvNJ1CaxfLRDBPwBelJFjFKjJUeRJd0S2W34k6AF4mXkzLKUeuWfjphTFMB0lBOtG57bmL8jCjDKIdRsZNqSAgdkB60LZVEgPazyakjfGyVEEexsiUNnqh/JzIitB6KwHYKYvp63huL/3nt1ETXfsZkkhqQdLooSjk2MR7/jUOmgBo+tIRQxeytmPaJItTYdGa2BIE41faxPoSjok3Hm89ikTTOKt5l5fz+oly9yXMqoEN0hE6Qh65QFd2hGqojinroBb2iN+fZeXc+nM9p65KTzxygGThfv/LFmBs=</latexit>ma
<latexit sha1_base64="qv4GgM9J1tPY8aenB764Nz5cbHg=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoNgIeFORS2DNpYRvCSQHGFvby9Zsrt37O4JIaS2tNUfYSe2/g5/g3/CTXKFSXww8Hhvhpl5YcqZNq777RRWVtfWN4qbpa3tnd298v5BQyeZItQnCU9UK8Saciapb5jhtJUqikXIaTMc3E385hNVmiXy0QxTGgjckyxmBBsr+aLbEVm3XHGr7hRomXg5qUCOerf804kSkgkqDeFY67bnpiYYYWUY4XRc6mSappgMcI+2LZVYUB2MpseO0YlVIhQnypY0aKr+nRhhofVQhLZTYNPXi95E/M9rZya+CUZMppmhkswWxRlHJkGTz1HEFCWGDy3BRDF7KyJ9rDAxNp+5LWEozrR9rE+jccmm4y1msUwa51XvqnrxcFmp3eY5FeEIjuEUPLiGGtxDHXwgwOAFXuHNeXbenQ/nc9ZacPKZQ5iD8/ULpC2ZDA==</latexit>mµ

<latexit sha1_base64="pg9W0ym5KX+k1CoXN3vrnDrWtNQ=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoMehG8RDQPSJYwO9tJhszMLjOzQlhy9OhVP8KbePVD/AZ/wkmyB5NY0FBUddPdFcScaeO6305uaXlldS2/XtjY3NreKe7u1XWUKAo1GvFINQOigTMJNcMMh2asgIiAQyMY3Iz9xhMozSL5aIYx+IL0JOsySoyVHkTnrlMsuWV3ArxIvIyUUIZqp/jTDiOaCJCGcqJ1y3Nj46dEGUY5jArtRENM6ID0oGWpJAK0n05OHeEjq4S4Gylb0uCJ+nciJULroQhspyCmr+e9sfif10pM98pPmYwTA5JOF3UTjk2Ex3/jkCmghg8tIVQxeyumfaIINTadmS1BIE60fawP4ahg0/Hms1gk9dOyd1E+uz8vVa6znPLoAB2iY+ShS1RBt6iKaoiiHnpBr+jNeXbenQ/nc9qac7KZfTQD5+sXz0eYBQ==</latexit>mK
<latexit sha1_base64="PLMq1SD7LqDCttXhlqSvU7glLeU=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoM8eIxonlAsoTZ2U4yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEUajTiEeqFRANnEmoG2Y4tGIFRAQcmsHwduI3n0BpFslHM4rBF6QvWY9RYqz0ILrVbrHklt0p8DLxMlJCGWrd4k8njGgiQBrKidZtz42NnxJlGOUwLnQSDTGhQ9KHtqWSCNB+Oj11jE+sEuJepGxJg6fq34mUCK1HIrCdgpiBXvQm4n9eOzG9Gz9lMk4MSDpb1Es4NhGe/I1DpoAaPrKEUMXsrZgOiCLU2HTmtgSBONP2sQGE44JNx1vMYpk0zsveVfni/rJUqWY55dEROkanyEPXqILuUA3VEUV99IJe0Zvz7Lw7H87nrDXnZDOHaA7O1y/Awpf8</latexit>mB

<latexit sha1_base64="r7bNG5afpIRO0maNL1k+lIRXM9I=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmAckS5idnU3GzMwuM71CWHL36FU/wpt49Tf8Bn/CSbIHk1jQUFR1090VJIIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqyuo0FrFuBcQwwRWrAwfBWolmRAaCNYPB7dhvPjFteKweYJgwX5Ke4hGnBKzUkN0OkLRbKrsVdwK8SLyclFGOWrf00wljmkqmgApiTNtzE/AzooFTwUbFTmpYQuiA9FjbUkUkM342uXaEj60S4ijWthTgifp3IiPSmKEMbKck0Dfz3lj8z2unEF37GVdJCkzR6aIoFRhiPH4dh1wzCmJoCaGa21sx7RNNKNiAZrYEgTw19rE+C0dFm443n8UiaZxVvMvK+f1FuXqT51RAh+gInSAPXaEqukM1VEcUPaIX9IrenGfn3flwPqetS04+c4Bm4Hz9AnMNmX4=</latexit>m⌧
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Squeezing the data as much as we can

New ideas to probe dark sectors targets

Triggering data that would otherwise get lost
Example @

Example @



Enormous luminosities poses trigger challenges  

Triggers

We need to know what to look for in advance

MEG II as an example 

arXiv 2203.11222see 
with Y. Jho, S. Knapen



<latexit sha1_base64="bwVTzCQwj+Xpem1wb8PhnFSslmQ=">AAACFnicbVA9TwJBFNzDb/xCLW02EhMtJHdI1MLCYGOJRpCEQ7K3PHDD7t1l952RXPgVNv4VGwuNsTV2/hsXpFB0kk0mM+/l7UwQS2HQdT+dzNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI10PmAEpQqiiQAn1WANTgYSroHc69K9uQRsRhZfYj6GpWDcUHcEZWqmV2/MR7jAtXwx2fJX4GFGgfpcpxXaPS4Wij0KBoZ57ne55+4NWLu8W3BHoX+KNSZ6MUWnlPvx2xBMFIXLJjGl4bozNlGkUXMIg6ycGYsZ7rAsNS0NmrzXTUawB3bZKm3YibV+IdKT+3EiZMqavAjupGN6YSW8o/uc1EuwcNVMRxglCyL8PdRJJbfphR7QtNHCUfUsY18L+lfIbphlH22TWluBNRv5LasWCd1AonZfyJ+VxHfNkk2yRHeKRQ3JCzkiFVAkn9+SRPJMX58F5cl6dt+/RjDPe2SC/4Lx/AX4znas=</latexit>

BR(µ ! e�) < 4.2⇥ 10�13 MEG 2016

Trigger level info: 

1) Photon energy by liquid Xenon scintillator 

2) hit on the timing counter

Offline:  

3) full mesure of the positron momentum

MEG II



<latexit sha1_base64="bwVTzCQwj+Xpem1wb8PhnFSslmQ=">AAACFnicbVA9TwJBFNzDb/xCLW02EhMtJHdI1MLCYGOJRpCEQ7K3PHDD7t1l952RXPgVNv4VGwuNsTV2/hsXpFB0kk0mM+/l7UwQS2HQdT+dzNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI10PmAEpQqiiQAn1WANTgYSroHc69K9uQRsRhZfYj6GpWDcUHcEZWqmV2/MR7jAtXwx2fJX4GFGgfpcpxXaPS4Wij0KBoZ57ne55+4NWLu8W3BHoX+KNSZ6MUWnlPvx2xBMFIXLJjGl4bozNlGkUXMIg6ycGYsZ7rAsNS0NmrzXTUawB3bZKm3YibV+IdKT+3EiZMqavAjupGN6YSW8o/uc1EuwcNVMRxglCyL8PdRJJbfphR7QtNHCUfUsY18L+lfIbphlH22TWluBNRv5LasWCd1AonZfyJ+VxHfNkk2yRHeKRQ3JCzkiFVAkn9+SRPJMX58F5cl6dt+/RjDPe2SC/4Lx/AX4znas=</latexit>

BR(µ ! e�) < 4.2⇥ 10�13 MEG 2016 1) very high intensity 

2) very exclusive trigger targeted at <latexit sha1_base64="xk6lzRAMAyJHNwy7Fu9F73vjDZI=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCCymJFHVZdOOygq2FJpTJ5KYdOpOEmYlQQr/CpVv9CHfi1i/wG/wJp20WtvXAhcM593LvPUHKmdKO822V1tY3NrfK25Wd3b39qn1w2FFJJim0acIT2Q2IAs5iaGumOXRTCUQEHB6D0e3Uf3wCqVgSP+hxCr4gg5hFjBJtpL5d9UTm6QQD9gZECNK3a07dmQGvErcgNVSg1bd/vDChmYBYU06U6rlOqv2cSM0oh0nFyxSkhI7IAHqGxkSA8vPZ4RN8apQQR4k0FWs8U/9O5EQoNRaB6RRED9WyNxX/83qZjq79nMVppiGm80VRxrH5dJoCDpkEqvnYEEIlM7diOiSSUG2yWtgSBOJcmceGEE4qJh13OYtV0rmou5f1xn2j1rwpciqjY3SCzpCLrlAT3aEWaiOKMvSCXtGb9Wy9Wx/W57y1ZBUzR2gB1tcvTAmdGQ==</latexit>

µ ! e�

See Galli et al. JINST 9 (2014) 

The trigger maximize the efficiency to back to back positron-photon of 
<latexit sha1_base64="o8BFG/K+dQIMwqMhc6oomsGh1CE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0IRRE8VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYTVZpF8sGMY+oLPJAsZAQbKz3eXoleVyRnlV6x5JbdGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0K2XvvFy9r5Zq11kceTiCYzgFDy6gBndQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8A1iqPyg==</latexit>

E = mµ/2

Positron energy >45 MeV  hardware Photon >45 MeV @ trigger level back to back topology @ trigger level

Taken from MEG-RMD measurement 1312.3217

Trigger Selection



<latexit sha1_base64="YH20OnvX2dam/TqIZLa2AgMdq1g=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIIgxF0NxosgiuhFUDEmkE3C7KSjQ2YfzPSKYdkf8eKvePGgiAcv4t84eRw0sWCgqKqmp8uLpNBo29/W2PjE5NT0zGxmbn5hcSm7vHKjw1hxKPFQhqriMQ1SBFBCgRIqkQLmexLKXvu465fvQWkRBtfYiaDms9tAtARnaKRGtnDVSFw/rm+l9cRFeMDk/OQ0TQ92XRQ+aOrY9SLtBbb7tgaeNrI5O2/3QEeJMyA5MsBFI/vpNkMe+xAgl0zrqmNHWEuYQsElpBk31hAx3ma3UDU0YGZ1Leldl9INozRpK1TmBUh76u+JhPlad3zPJH2Gd3rY64r/edUYW/u1RARRjBDw/qJWLCmGtFsVbQoFHGXHEMaVMH+l/I4pxtEUmjElOMMnj5Kbnbyzly9cFnKHR4M6ZsgaWSebxCFFckjOyAUpEU4eyTN5JW/Wk/VivVsf/eiYNZhZJX9gff0ABvqh4g==</latexit>

RMEG
µ+ = 3⇥ 107µ+/secBesides

Very little data can be saved on disk or analysed offline at MEG II  

intensity

The maximal allowed stream is around 10 Hz 

Online the trigger should select 1 “interesting” muon event out of 
<latexit sha1_base64="6d8owMIga8kwk6lWquVr4NBjNwc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVYj0WvXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2p77kNZng3LFrbpzoFXi5aQCOZqD8ld/KEkSUWEIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNU4IhqP51fO0NnVhmiUCpbwqC5+nsixZHW0yiwnRE2Y73sZeJ/Xi8x4ZWfMhEnhgqyWBQmHBmJstfRkClKDJ9agoli9lZExlhhYmxAJRuCt/zyKmlfVL3Lau2uVmlc53EU4QRO4Rw8qEMDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfcsI6t</latexit>

107

In numbers…



<latexit sha1_base64="YH20OnvX2dam/TqIZLa2AgMdq1g=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIIgxF0NxosgiuhFUDEmkE3C7KSjQ2YfzPSKYdkf8eKvePGgiAcv4t84eRw0sWCgqKqmp8uLpNBo29/W2PjE5NT0zGxmbn5hcSm7vHKjw1hxKPFQhqriMQ1SBFBCgRIqkQLmexLKXvu465fvQWkRBtfYiaDms9tAtARnaKRGtnDVSFw/rm+l9cRFeMDk/OQ0TQ92XRQ+aOrY9SLtBbb7tgaeNrI5O2/3QEeJMyA5MsBFI/vpNkMe+xAgl0zrqmNHWEuYQsElpBk31hAx3ma3UDU0YGZ1Leldl9INozRpK1TmBUh76u+JhPlad3zPJH2Gd3rY64r/edUYW/u1RARRjBDw/qJWLCmGtFsVbQoFHGXHEMaVMH+l/I4pxtEUmjElOMMnj5Kbnbyzly9cFnKHR4M6ZsgaWSebxCFFckjOyAUpEU4eyTN5JW/Wk/VivVsf/eiYNZhZJX9gff0ABvqh4g==</latexit>

RMEG
µ+ = 3⇥ 107µ+/secBesides

Very little data can be saved on disk or analysed offline at MEG II  

intensity

The maximal allowed stream is around 10 Hz 

Online the trigger should select 1 “interesting” muon event out of 
<latexit sha1_base64="6d8owMIga8kwk6lWquVr4NBjNwc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVYj0WvXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2p77kNZng3LFrbpzoFXi5aQCOZqD8ld/KEkSUWEIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNU4IhqP51fO0NnVhmiUCpbwqC5+nsixZHW0yiwnRE2Y73sZeJ/Xi8x4ZWfMhEnhgqyWBQmHBmJstfRkClKDJ9agoli9lZExlhhYmxAJRuCt/zyKmlfVL3Lau2uVmlc53EU4QRO4Rw8qEMDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfcsI6t</latexit>

107

“interesting” = 
<latexit sha1_base64="DywyrJkChjppiBmy761no7rTg1I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUZdFNy4r2Ac0oUymk3boTBLmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nyjhT2vO+ndLa+sbmVnm7srO7t191Dw7bKjWS0BZJeSq7EVaUs4S2NNOcdjNJsYg47UTj25nfeaRSsTR50JOMhgIPExYzgrWV+m41ECbQKaIoGGIhcN+teXVvDrRK/ILUoECz734Fg5QYQRNNOFaq53uZDnMsNSOcTiuBUTTDZIyHtGdpggVVYT4/fIpOrTJAcSptJRrN1d8TORZKTURkOwXWI7XszcT/vJ7R8XWYsyQzmiZksSg2HNlPZymgAZOUaD6xBBPJ7K2IjLDERNusKjYEf/nlVdI+r/uX9Yv7i1rjpoijDMdwAmfgwxU04A6a0AICBp7hFd6cJ+fFeXc+Fq0lp5g5gj9wPn8ALxiSyw==</latexit>

µ ! e� back to back positron-photon of <latexit sha1_base64="o8BFG/K+dQIMwqMhc6oomsGh1CE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0IRRE8VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYTVZpF8sGMY+oLPJAsZAQbKz3eXoleVyRnlV6x5JbdGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0K2XvvFy9r5Zq11kceTiCYzgFDy6gBndQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8A1iqPyg==</latexit>

E = mµ/2

In numbers…



<latexit sha1_base64="YH20OnvX2dam/TqIZLa2AgMdq1g=">AAACHXicbVDLSgNBEJz1bXxFPXoZDIIgxF0NxosgiuhFUDEmkE3C7KSjQ2YfzPSKYdkf8eKvePGgiAcv4t84eRw0sWCgqKqmp8uLpNBo29/W2PjE5NT0zGxmbn5hcSm7vHKjw1hxKPFQhqriMQ1SBFBCgRIqkQLmexLKXvu465fvQWkRBtfYiaDms9tAtARnaKRGtnDVSFw/rm+l9cRFeMDk/OQ0TQ92XRQ+aOrY9SLtBbb7tgaeNrI5O2/3QEeJMyA5MsBFI/vpNkMe+xAgl0zrqmNHWEuYQsElpBk31hAx3ma3UDU0YGZ1Leldl9INozRpK1TmBUh76u+JhPlad3zPJH2Gd3rY64r/edUYW/u1RARRjBDw/qJWLCmGtFsVbQoFHGXHEMaVMH+l/I4pxtEUmjElOMMnj5Kbnbyzly9cFnKHR4M6ZsgaWSebxCFFckjOyAUpEU4eyTN5JW/Wk/VivVsf/eiYNZhZJX9gff0ABvqh4g==</latexit>

RMEG
µ+ = 3⇥ 107µ+/secBesides

Very little data can be saved on disk or analysed offline at MEG II  

intensity

The maximal allowed stream is around 10 Hz 

Online the trigger should select 1 “interesting” muon event out of 
<latexit sha1_base64="6d8owMIga8kwk6lWquVr4NBjNwc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVYj0WvXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2p77kNZng3LFrbpzoFXi5aQCOZqD8ld/KEkSUWEIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNU4IhqP51fO0NnVhmiUCpbwqC5+nsixZHW0yiwnRE2Y73sZeJ/Xi8x4ZWfMhEnhgqyWBQmHBmJstfRkClKDJ9agoli9lZExlhhYmxAJRuCt/zyKmlfVL3Lau2uVmlc53EU4QRO4Rw8qEMDbqEJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfcsI6t</latexit>

107

“interesting” = 
<latexit sha1_base64="DywyrJkChjppiBmy761no7rTg1I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURUZdFNy4r2Ac0oUymk3boTBLmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nyjhT2vO+ndLa+sbmVnm7srO7t191Dw7bKjWS0BZJeSq7EVaUs4S2NNOcdjNJsYg47UTj25nfeaRSsTR50JOMhgIPExYzgrWV+m41ECbQKaIoGGIhcN+teXVvDrRK/ILUoECz734Fg5QYQRNNOFaq53uZDnMsNSOcTiuBUTTDZIyHtGdpggVVYT4/fIpOrTJAcSptJRrN1d8TORZKTURkOwXWI7XszcT/vJ7R8XWYsyQzmiZksSg2HNlPZymgAZOUaD6xBBPJ7K2IjLDERNusKjYEf/nlVdI+r/uX9Yv7i1rjpoijDMdwAmfgwxU04A6a0AICBp7hFd6cJ+fFeXc+Fq0lp5g5gj9wPn8ALxiSyw==</latexit>

µ ! e� back to back positron-photon of <latexit sha1_base64="o8BFG/K+dQIMwqMhc6oomsGh1CE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0IRRE8VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYTVZpF8sGMY+oLPJAsZAQbKz3eXoleVyRnlV6x5JbdGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0K2XvvFy9r5Zq11kceTiCYzgFDy6gBndQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8A1iqPyg==</latexit>

E = mµ/2

In numbers…

All the rest of the data is lost! 



The hunt for rare muon decays with missing energy 

<latexit sha1_base64="hLAffurJ47+Er8cB70j72Cw+9rA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ad2hpJJ77ShmcyQZIRS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+Hodua3n1BpnsgHM04xiOlA8ogzaqz06MeZbxKChPbKFbfqzkFWiZeTCuRo9Mpffj9hWYzSMEG17npuaoIJVYYzgdOSn2lMKRvRAXYtlTRGHUzmF0/JmVX6JEqUfdKQufp7Y0JjrcdxaCdjaoZ62ZuJ/3ndzETXwYTLNDMo2eKjKBPEhpzFJ32ukBkxtoQyxe2thA2poszYkkq2BG858ippXVS9y2rtvlap3+R1FOEETuEcPLiCOtxBA5rAQMIzvMKbo50X5935WIwWnHznGP7A+fwB48KQag==</latexit>

µ ! ea Huge irreducible background from Michel
<latexit sha1_base64="nD+gyeAisbs5RaV8/jyRmdUzJog=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1GXRjcsK9gFNKJPpTTt0MgnzEEoo+CtuXCji1u9w5984bbPQ1gPDHM65l3vviTLOlPa8b2dldW19Y7O0Vd7e2d3bdw8OWyo1kkKTpjyVnYgo4ExAUzPNoZNJIEnEoR2Nbqd++xGkYql40OMMwoQMBIsZJdpKPfc4SEygUww4ECaIiMztP+m5Fa/qzYCXiV+QCirQ6LlfQT+lJgGhKSdKdX0v02FOpGaUw6QcGAUZoSMygK6lgiSgwny2/gSfWaWP41TaJzSeqb87cpIoNU4iW5kQPVSL3lT8z+saHV+HOROZ0SDofFBsOLb3TrPAfSaBaj62hFDJ7K6YDokkVNvEyjYEf/HkZdK6qPqX1dp9rVK/KeIooRN0is6Rj65QHd2hBmoiinL0jF7Rm/PkvDjvzse8dMUpeo7QHzifPzyRla8=</latexit>

µ ! e⌫⌫̄

See. TWIST 1409.0638 



The hunt for rare muon decays with missing energy 

<latexit sha1_base64="hLAffurJ47+Er8cB70j72Cw+9rA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ad2hpJJ77ShmcyQZIRS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+Hodua3n1BpnsgHM04xiOlA8ogzaqz06MeZbxKChPbKFbfqzkFWiZeTCuRo9Mpffj9hWYzSMEG17npuaoIJVYYzgdOSn2lMKRvRAXYtlTRGHUzmF0/JmVX6JEqUfdKQufp7Y0JjrcdxaCdjaoZ62ZuJ/3ndzETXwYTLNDMo2eKjKBPEhpzFJ32ukBkxtoQyxe2thA2poszYkkq2BG858ippXVS9y2rtvlap3+R1FOEETuEcPLiCOtxBA5rAQMIzvMKbo50X5935WIwWnHznGP7A+fwB48KQag==</latexit>

µ ! ea Huge irreducible background from Michel
<latexit sha1_base64="nD+gyeAisbs5RaV8/jyRmdUzJog=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1GXRjcsK9gFNKJPpTTt0MgnzEEoo+CtuXCji1u9w5984bbPQ1gPDHM65l3vviTLOlPa8b2dldW19Y7O0Vd7e2d3bdw8OWyo1kkKTpjyVnYgo4ExAUzPNoZNJIEnEoR2Nbqd++xGkYql40OMMwoQMBIsZJdpKPfc4SEygUww4ECaIiMztP+m5Fa/qzYCXiV+QCirQ6LlfQT+lJgGhKSdKdX0v02FOpGaUw6QcGAUZoSMygK6lgiSgwny2/gSfWaWP41TaJzSeqb87cpIoNU4iW5kQPVSL3lT8z+saHV+HOROZ0SDofFBsOLb3TrPAfSaBaj62hFDJ7K6YDokkVNvEyjYEf/HkZdK6qPqX1dp9rVK/KeIooRN0is6Rj65QHd2hBmoiinL0jF7Rm/PkvDjvzse8dMUpeo7QHzifPzyRla8=</latexit>

µ ! e⌫⌫̄

See. TWIST 1409.0638 

See L. Calibbi, D.R., R. Ziegler, J. Zupan 2006.04795
Muon polarization can help discriminating the signal

bkd  suppressed in the 

fwd region 



The hunt for rare muon decays with missing energy 

<latexit sha1_base64="hLAffurJ47+Er8cB70j72Cw+9rA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ad2hpJJ77ShmcyQZIRS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+Hodua3n1BpnsgHM04xiOlA8ogzaqz06MeZbxKChPbKFbfqzkFWiZeTCuRo9Mpffj9hWYzSMEG17npuaoIJVYYzgdOSn2lMKRvRAXYtlTRGHUzmF0/JmVX6JEqUfdKQufp7Y0JjrcdxaCdjaoZ62ZuJ/3ndzETXwYTLNDMo2eKjKBPEhpzFJ32ukBkxtoQyxe2thA2poszYkkq2BG858ippXVS9y2rtvlap3+R1FOEETuEcPLiCOtxBA5rAQMIzvMKbo50X5935WIwWnHznGP7A+fwB48KQag==</latexit>

µ ! ea Huge irreducible background from Michel
<latexit sha1_base64="nD+gyeAisbs5RaV8/jyRmdUzJog=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1GXRjcsK9gFNKJPpTTt0MgnzEEoo+CtuXCji1u9w5984bbPQ1gPDHM65l3vviTLOlPa8b2dldW19Y7O0Vd7e2d3bdw8OWyo1kkKTpjyVnYgo4ExAUzPNoZNJIEnEoR2Nbqd++xGkYql40OMMwoQMBIsZJdpKPfc4SEygUww4ECaIiMztP+m5Fa/qzYCXiV+QCirQ6LlfQT+lJgGhKSdKdX0v02FOpGaUw6QcGAUZoSMygK6lgiSgwny2/gSfWaWP41TaJzSeqb87cpIoNU4iW5kQPVSL3lT8z+saHV+HOROZ0SDofFBsOLb3TrPAfSaBaj62hFDJ7K6YDokkVNvEyjYEf/HkZdK6qPqX1dp9rVK/KeIooRN0is6Rj65QHd2hBmoiinL0jF7Rm/PkvDjvzse8dMUpeo7QHzifPzyRla8=</latexit>
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See L. Calibbi, D.R., R. Ziegler, J. Zupan 2006.04795
Muon polarization can help discriminating the signal

bkd  suppressed in the 
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For left-handed couplings the limitation are large systematics

bkd enhanced in the 

bkwd region



The hunt for rare muon decays with missing energy 

<latexit sha1_base64="hLAffurJ47+Er8cB70j72Cw+9rA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ad2hpJJ77ShmcyQZIRS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+Hodua3n1BpnsgHM04xiOlA8ogzaqz06MeZbxKChPbKFbfqzkFWiZeTCuRo9Mpffj9hWYzSMEG17npuaoIJVYYzgdOSn2lMKRvRAXYtlTRGHUzmF0/JmVX6JEqUfdKQufp7Y0JjrcdxaCdjaoZ62ZuJ/3ndzETXwYTLNDMo2eKjKBPEhpzFJ32ukBkxtoQyxe2thA2poszYkkq2BG858ippXVS9y2rtvlap3+R1FOEETuEcPLiCOtxBA5rAQMIzvMKbo50X5935WIwWnHznGP7A+fwB48KQag==</latexit>

µ ! ea Huge irreducible background from Michel
<latexit sha1_base64="nD+gyeAisbs5RaV8/jyRmdUzJog=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1GXRjcsK9gFNKJPpTTt0MgnzEEoo+CtuXCji1u9w5984bbPQ1gPDHM65l3vviTLOlPa8b2dldW19Y7O0Vd7e2d3bdw8OWyo1kkKTpjyVnYgo4ExAUzPNoZNJIEnEoR2Nbqd++xGkYql40OMMwoQMBIsZJdpKPfc4SEygUww4ECaIiMztP+m5Fa/qzYCXiV+QCirQ6LlfQT+lJgGhKSdKdX0v02FOpGaUw6QcGAUZoSMygK6lgiSgwny2/gSfWaWP41TaJzSeqb87cpIoNU4iW5kQPVSL3lT8z+saHV+HOROZ0SDofFBsOLb3TrPAfSaBaj62hFDJ7K6YDokkVNvEyjYEf/HkZdK6qPqX1dp9rVK/KeIooRN0is6Rj65QHd2hBmoiinL0jF7Rm/PkvDjvzse8dMUpeo7QHzifPzyRla8=</latexit>
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µ ! ea� The extra photon helps constructing a missing mass distribution 

which is not used for calibration

The price to pay is a reduced signal partially compensated by the low energy threshold of the detector  

Jho, Knapen, D.R.  2112.07720See
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µ ! e⌫⌫̄
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Muon polarization can help discriminating the signal

bkd  suppressed in the 

fwd region 

For left-handed couplings the limitation are large systematics
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<latexit sha1_base64="ZuwwM5ONnW6kJpZ346xfidOWoUg=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7IrRT0WvXisYD+gu5TZNG1Dk+ySZJWy9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5UcKZNp737RTW1jc2t4rbpZ3dvf0Dt3zY0nGqCG2SmMeqE4GmnEnaNMxw2kkUBRFx2o7GNzO//UCVZrG8N5OEhgKGkg0YAWOlnlsORBqYGFMMOBiCENBzK17VmwOvEj8nFZSj0XO/gn5MUkGlIRy07vpeYsIMlGGE02kpSDVNgIxhSLuWShBUh9n89Ck+tUofD2JlSxo8V39PZCC0nojIdgowI73szcT/vG5qBldhxmSSGirJYtEg5dj+OssB95mixPCJJUAUs7diMgIFxNi0SjYEf/nlVdI6r/oX1dpdrVK/zuMoomN0gs6Qjy5RHd2iBmoigh7RM3pFb86T8+K8Ox+L1oKTzxyhP3A+fwBGlpNg</latexit>

µ ! ea� The extra photon helps constructing a missing mass distribution 

which is not used for calibration

The price to pay is a reduced signal partially compensated by the low energy threshold of the detector  

Jho, Knapen, D.R.  2112.07720See

The three electron final state can be seen easily at Mu3e (which hunts for three tracks) 

The price to pay is a reduced signal which partially compensated by the low virtuality of the photon   

Knapen, Langhoff, Opferkuch, D.R.,  2311.17915See

<latexit sha1_base64="kyzUALaHGdOL30dct8G7GM/+5Ps=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMq1WXRjcsK9gEzQ8mkmTY0mQzJHaEM/Qw3LhRx69e4829M21lo64HA4Zx7yT0nSgU34LrfTmltfWNzq7xd2dnd2z+oHh51jMo0ZW2qhNK9iBgmeMLawEGwXqoZkZFg3Wh8N/O7T0wbrpJHmKQslGSY8JhTAlbyA5kFoPAlw6Rfrbl1dw68SryC1FCBVr/6FQwUzSRLgApijO+5KYQ50cCpYNNKkBmWEjomQ+ZbmhDJTJjPT57iM6sMcKy0fQngufp7IyfSmImM7KQkMDLL3kz8z/MziG/CnCdpBiyhi4/iTGCbcpYfD7hmFMTEEkI1t7diOiKaULAtVWwJ3nLkVdK5qHuNeuPhqta8LeoooxN0is6Rh65RE92jFmojihR6Rq/ozQHnxXl3PhajJafYOUZ/4Hz+AFntkKk=</latexit>

µ ! 3ea
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Looking forward for right-handed ALPs
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Background suppression in the fwd direction requires:
 2) purely polarized muon beam  

<latexit sha1_base64="JfyB6ppUCwPZfV5b4QzDblh0c4o=">AAAB+nicbVDLSsNAFJ3UV62vVJduBkvBVUmkqMuiG5cV7AOaECaTm3bo5MHMRC2xn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3ImlWV9G6W19Y3NrfJ2ZWd3b//ArB52ZZIJCh2a8ET0fSKBsxg6iikO/VQAiXwOPX98PfN79yAkS+I7NUnBjcgwZiGjRGnJM6tOAFwR/OiBI1mEnbpn1qyGNQdeJXZBaqhA2zO/nCChWQSxopxIObCtVLk5EYpRDtOKk0lICR2TIQw0jUkE0s3np09xXSsBDhOhK1Z4rv6eyEkk5STydWdE1EguezPxP2+QqfDSzVmcZgpiulgUZhyrBM9ywAETQBWfaEKoYPpWTEdEEKp0WhUdgr388irpnjXs80bztllrXRVxlNExOkGnyEYXqIVuUBt1EEUP6Bm9ojfjyXgx3o2PRWvJKGaO0B8Ynz9SmJNm</latexit>

�xe ⇠ %

<latexit sha1_base64="EwzExLxZGI3NoD9WLp4FoL4z8k8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSlKIui25cVrAPaGKYTCbt0JlJmJkIJWTjr7hxoYhbP8Odf+P0sdDWAxcO59zLvfeEKaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuHoZuJ3H4lUNBH3epwSn6OBoDHFSBspsI+8iDCNYCvweOYpyl3nIT+vF4FddWrOFHCZuHNSBXO0AvvLixKccSI0Zkipvuuk2s+R1BQzUlS8TJEU4REakL6hAnGi/Hz6QAFPjRLBOJGmhIZT9fdEjrhSYx6aTo70UC16E/E/r5/p+MrPqUgzTQSeLYozBnUCJ2nAiEqCNRsbgrCk5laIh0girE1mFROCu/jyMunUa+5FrXHXqDav53GUwTE4AWfABZegCW5BC7QBBgV4Bq/gzXqyXqx362PWWrLmM4fgD6zPH5zBlcg=</latexit>

�Pµ ⇠ 10�2

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>

{ 1) good momentum resolution 
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{ 1) good momentum resolution 
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<latexit sha1_base64="EwzExLxZGI3NoD9WLp4FoL4z8k8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSlKIui25cVrAPaGKYTCbt0JlJmJkIJWTjr7hxoYhbP8Odf+P0sdDWAxcO59zLvfeEKaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuHoZuJ3H4lUNBH3epwSn6OBoDHFSBspsI+8iDCNYCvweOYpyl3nIT+vF4FddWrOFHCZuHNSBXO0AvvLixKccSI0Zkipvuuk2s+R1BQzUlS8TJEU4REakL6hAnGi/Hz6QAFPjRLBOJGmhIZT9fdEjrhSYx6aTo70UC16E/E/r5/p+MrPqUgzTQSeLYozBnUCJ2nAiEqCNRsbgrCk5laIh0girE1mFROCu/jyMunUa+5FrXHXqDav53GUwTE4AWfABZegCW5BC7QBBgV4Bq/gzXqyXqx362PWWrLmM4fgD6zPH5zBlcg=</latexit>

�Pµ ⇠ 10�2

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>

{ 1) good momentum resolution 

 3) magnetic field focusing F

 4) large luminosity

 5) very low systematics

<latexit sha1_base64="mD1tyX9bRRN/H8GSqpnr+is+u7M=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosCuKxgv3Adi3ZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Hrmt5+o0iyS92YSU1/goWQhI9hY6eGmp5lAnvtY6RdLbtmdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8RSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwks/ZTJODJVksShMODIRmr2PBkxRYvjEEkwUs7ciMsIKE2NDKtgQvOWXV0mrUvZq5epdtVS/yuLIwwmcwjl4cAF1uIUGNIGAhGd4hTdHOy/Ou/OxaM052cwx/IHz+QMUwI/j</latexit>

F ⇠ 102

<latexit sha1_base64="8/GEO2RU6hY5NCq3UYNIrC8C8lE=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEoiRV0W3biSCvYBTRom02k7dCYJMxOhhIK/4saFIm79Dnf+jdM2C209cOHMOfcy954w4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+h4lQSWicxj2UrxIpyFtG6ZprTViIpFiGnzXB4M/Gbj1QqFkcPepRQX+B+xHqMYG2kwD68CzyReooJ1+lkbmVsXp2zwC45ZWcKtEjcnJQgRy2wv7xuTFJBI004VqrtOon2Myw1I5yOi16qaILJEPdp29AIC6r8bLr+GJ0YpYt6sTQVaTRVf09kWCg1EqHpFFgP1Lw3Ef/z2qnuXfkZi5JU04jMPuqlHOkYTbJAXSYp0XxkCCaSmV0RGWCJiTaJFU0I7vzJi6RxXnYvypX7Sql6ncdRgCM4hlNw4RKqcAs1qAOBDJ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4AJpiU+Q==</latexit>

Nµ ⇠ 1014µ+A good signal reach requires further:

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>

{



Looking forward for right-handed ALPs

L. Calibbi, D.R., R. Ziegler, J. Zupan 2006.04795

Background suppression in the fwd direction requires:
 2) purely polarized muon beam  

<latexit sha1_base64="JfyB6ppUCwPZfV5b4QzDblh0c4o=">AAAB+nicbVDLSsNAFJ3UV62vVJduBkvBVUmkqMuiG5cV7AOaECaTm3bo5MHMRC2xn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3ImlWV9G6W19Y3NrfJ2ZWd3b//ArB52ZZIJCh2a8ET0fSKBsxg6iikO/VQAiXwOPX98PfN79yAkS+I7NUnBjcgwZiGjRGnJM6tOAFwR/OiBI1mEnbpn1qyGNQdeJXZBaqhA2zO/nCChWQSxopxIObCtVLk5EYpRDtOKk0lICR2TIQw0jUkE0s3np09xXSsBDhOhK1Z4rv6eyEkk5STydWdE1EguezPxP2+QqfDSzVmcZgpiulgUZhyrBM9ywAETQBWfaEKoYPpWTEdEEKp0WhUdgr388irpnjXs80bztllrXRVxlNExOkGnyEYXqIVuUBt1EEUP6Bm9ojfjyXgx3o2PRWvJKGaO0B8Ynz9SmJNm</latexit>

�xe ⇠ %

<latexit sha1_base64="EwzExLxZGI3NoD9WLp4FoL4z8k8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSlKIui25cVrAPaGKYTCbt0JlJmJkIJWTjr7hxoYhbP8Odf+P0sdDWAxcO59zLvfeEKaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuHoZuJ3H4lUNBH3epwSn6OBoDHFSBspsI+8iDCNYCvweOYpyl3nIT+vF4FddWrOFHCZuHNSBXO0AvvLixKccSI0Zkipvuuk2s+R1BQzUlS8TJEU4REakL6hAnGi/Hz6QAFPjRLBOJGmhIZT9fdEjrhSYx6aTo70UC16E/E/r5/p+MrPqUgzTQSeLYozBnUCJ2nAiEqCNRsbgrCk5laIh0girE1mFROCu/jyMunUa+5FrXHXqDav53GUwTE4AWfABZegCW5BC7QBBgV4Bq/gzXqyXqx362PWWrLmM4fgD6zPH5zBlcg=</latexit>

�Pµ ⇠ 10�2

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>

{ 1) good momentum resolution 

 3) magnetic field focusing F

 4) large luminosity

 5) very low systematics

<latexit sha1_base64="mD1tyX9bRRN/H8GSqpnr+is+u7M=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosCuKxgv3Adi3ZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Hrmt5+o0iyS92YSU1/goWQhI9hY6eGmp5lAnvtY6RdLbtmdA60SLyMlyNDoF796g4gkgkpDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lEguq/XR+8RSdWWWAwkjZkgbN1d8TKRZaT0RgOwU2I73szcT/vG5iwks/ZTJODJVksShMODIRmr2PBkxRYvjEEkwUs7ciMsIKE2NDKtgQvOWXV0mrUvZq5epdtVS/yuLIwwmcwjl4cAF1uIUGNIGAhGd4hTdHOy/Ou/OxaM052cwx/IHz+QMUwI/j</latexit>

F ⇠ 102

<latexit sha1_base64="8/GEO2RU6hY5NCq3UYNIrC8C8lE=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEoiRV0W3biSCvYBTRom02k7dCYJMxOhhIK/4saFIm79Dnf+jdM2C209cOHMOfcy954w4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+h4lQSWicxj2UrxIpyFtG6ZprTViIpFiGnzXB4M/Gbj1QqFkcPepRQX+B+xHqMYG2kwD68CzyReooJ1+lkbmVsXp2zwC45ZWcKtEjcnJQgRy2wv7xuTFJBI004VqrtOon2Myw1I5yOi16qaILJEPdp29AIC6r8bLr+GJ0YpYt6sTQVaTRVf09kWCg1EqHpFFgP1Lw3Ef/z2qnuXfkZi5JU04jMPuqlHOkYTbJAXSYp0XxkCCaSmV0RGWCJiTaJFU0I7vzJi6RxXnYvypX7Sql6ncdRgCM4hlNw4RKqcAs1qAOBDJ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4AJpiU+Q==</latexit>

Nµ ⇠ 1014µ+A good signal reach requires further:

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>

{
These conditions have been realized before in the Iodidio’s exp.

Iodidio et al. (1986)
Can it be done again?



Logic: the trigger requirements are killing the ALP signal

Towards a new data taking strategy



Logic: the trigger requirements are killing the ALP signal

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit> {
1) Eliminating the matching of the TC hit which assumes back to back topology 

2) Lowering the photon trigger threshold reducing the beam intensity

Towards a new data taking strategy



Logic: the trigger requirements are killing the ALP signal

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit> {
1) Eliminating the matching of the TC hit which assumes back to back topology 

2) Lowering the photon trigger threshold reducing the beam intensity

The RC dominates the trigger rate but it can be suppressed by reducing the intensity 
<latexit sha1_base64="bW66t6Mb+3ykIH6rltbIu6GudVU=">AAACF3icbVDLSgNBEJz1GeMrKp68DAbBg4TdENRj0ItHFfOAbAyzk04yZGZ3mekVw5IP8ehVP8KbePXoN/gTTmIOJrGgoajqprsriKUw6LpfzsLi0vLKamYtu76xubWd29mtmijRHCo8kpGuB8yAFCFUUKCEeqyBqUBCLehfjvzaA2gjovAOBzE0FeuGoiM4Qyu1cvs+wiOmt5dD3whFb1u+Su6LrVzeLbhj0HniTUieTHDdyn377YgnCkLkkhnT8NwYmynTKLiEYdZPDMSM91kXGpaGTIFppuPzh/TIKm3aibStEOlY/TuRMmXMQAW2UzHsmVlvJP7nNRLsnDdTEcYJQsh/F3USSTGioyxoW2jgKAeWMK6FvZXyHtOMo01saksQqBNjH+tBe5i16XizWcyTarHgnRZKN6V8+WKSU4YckENyTDxyRsrkilyTCuEkJc/khbw6T86b8+58/LYuOJOZPTIF5/MHSI2fxg==</latexit>

RC ⇠ R2
µ
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RMD ⇠ Rµ

*many thanks to Luca Galli for teaching us all this!

Towards a new data taking strategy



Towards a new data taking strategy

Max trigger rate 10 Hz 


fixes the intensity vs photon cut

RMD becomes the dominant bed 


below a certain intensity
(harder to suppress RMD online)


Benchmark fixed to the highest intensity

for photon energy of 10 MeV given our 
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Uncertainty in trigger rate results in two 

different benchmark for the same photon
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Towards a new data taking strategy

Max trigger rate 10 Hz 


fixes the intensity vs photon cut

RMD becomes the dominant bed 


below a certain intensity
(harder to suppress RMD online)
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Max trigger rate 10 Hz 


fixes the intensity vs photon cut

RMD becomes the dominant bkd 


below a certain intensity
(harder to suppress RMD online)


Reach extracted at each point!


Towards a new data taking strategy



Final reach 

Bump hunt in missing mass*

Log-likelihood on

angular variables 

*for a massless object we are close to a cliff of the bkd 

(systematics has to be taken into account)
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MEG II-ALP (1 month) (?)

<latexit sha1_base64="yUdz8lQgnaqn6VyAocuPHVDWrPY="></latexit>

MEG-RMD (•)

<latexit sha1_base64="/1yVDw9zAma0ozdbTOsnuB35sKQ="></latexit>

MEG II-RMD

<latexit sha1_base64="ygm0s/B+g0ByVcaiimT24IV2jrQ="></latexit>

Crystal Box (µ ! ea�)
<latexit sha1_base64="1rLbXIMgFptneTEpKWJIAHa8n7M="></latexit>

SN1987Aµe

<latexit sha1_base64="2LtVjUQ3YylhQXiCajlS+LQjNb8="></latexit>

TWIST (µ ! ea)

<latexit sha1_base64="W7dOYI9jRSWVoyAgGb3mwUDT2vI="></latexit>

MEG II-ALP (1 year) (?)

What can we test?

Jho, Knapen, D.R.  2112.07720

MEG-II ALP is the best way to explore ~ a decade of 
unconstrained parameter space ~ NOW
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MEG-II wil get some new results very soon 
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Back to theory
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MEG-II can completely test  
Freeze-in model based on LFV decays 

Panci, Redigolo, Schwetz Ziegler 2209.03371 
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The Phase I Mu3e Experiment

Target

Inner pixel layers

Outer pixel layers

Recurl pixel layers

Scintillator tiles

μ Beam

10 cm

Figure 2.6: Schematic view of the experiment cut along the beam axis in the phase I configuration.

Figure 2.7: Possible final detector with longer recurl stations, smaller target and more segmented inner layers for high
intensity physics runs (phase II).

2.6 The Phase II Experiment

A new high intensity muon beam line, delivering >

2 · 109 Hz muons and currently under study at PSI, is cru-

Figure 2.8: Schematic overview of the Mu3e readout sys-
tem.

cial for Mu3e phase II. To fully exploit the new beam fa-
cility the detector acceptance of phase I will be further en-
hanced by longer detector stations, see Figure 2.7. These
longer stations will allow the precise measurement of the
momentum of all particles in the acceptance of the in-
ner tracking detector. At the same time the longer tile
detector stations with their excellent time resolution and
small occupancy will help to fight the increased combin-
atorial backgrounds at very high decay rates. The larger
initial muon rate allows for a more restrictive collimation of
the beam and thus a smaller (and potentially longer) tar-
get region leading to a much improved vertex resolution.
The HV-MAPS technology can reach a time resolution of
O(1 ns) if an adequate time-walk correction is implemented
– this would allow to further reduce combinatorial back-
ground without adding material and could eventually re-
place the scintillating fibre detector. Advanced wafer post-
processing technologies and chip-to-chip bonding could ob-
viate the need for parts of the flexprints, further reducing
the multiple scattering. The combined performance of the
enhanced detector setup together with the high stopping
rate will allow to search for the µ æ eee decay with a
sensitivity of B(µ æ eee)Æ 10≠16. Whilst we always keep
this ultimate goal in mind, the rest of this document is
concerned with the phase I detector for existing beamlines.

12

Hermetic detector optimised to detect 3 charged tracks reconstructing the muon mass

e−

e+
e+

pT ∈ [14,105] MeV
B = 1 Tesla

New searches @ Mu3e

All the three tracks are save to tape 
so that missing energy searches can  

easily done! 

17 cm
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Hermetic detector optimised to detect 3 charged tracks reconstructing the muon mass
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The Phase I Mu3e Experiment

Figure 22.12: Small invariant mass of e
+

e
≠ pairs versus

e
+

e
≠

e
+ invariant mass for accidental combinations of a

Bhabha e
+

e
≠ pair with a Michel positron. Simulated kin-

ematics weighted with the track reconstruction e�ciency.

95 100 105 110
]2c [MeV/recm

4−10

2−10

1

2102 c
Ev

en
ts

 / 
0.

2 
M

eV
/ eee → µ

-12at 10

-13at 10

-14at 10

-15at 10

νν eee→ µ Bhabha
+Michel

 muon stops1510
 muons/s8at 10

Mu3e Phase I Simulation

Figure 22.13: Reconstructed invariant mass for signal
events at various branching fractions and events from ra-
diative decays with internal conversion. Accidental back-
ground from combinations of Bhabha pairs and Michel elec-
trons is also shown. The center-of-mass momentum is re-
quired to be less than 4 MeV/c. Note that both the internal
conversion and Michel and Bhabha simulation use weighted
events.

Figure 22.14: Reconstructed center-of-mass system mo-
mentum for signal events at various branching fractions
(1014 and 1015 not labelled) and events from radiative de-
cays with internal conversion. Accidental background from
combinations of Bhabha pairs and Michel electrons is also
shown. The reconstructed three-particle invariant mass is
required to be above 103 MeV/c2 and below 110 MeV/c2.
Note that both the internal conversion and Michel and Bha-
bha simulation use weighted events.

Figure 22.15: Reconstructed invariant mass versus the
CMS momentum for signal events, events from radiative
decay with internal conversion and accidental background
from combinations of Bhabha pairs and Michel electrons.
Note that both the internal conversion and Michel and Bha-
bha simulation use weighted events. The shape of the sig-
nal contour at 90 % and 95 % comes from events where
one of the track has an upward fluctuation of the energy
loss in the target or the first tracker layers – this leads to a
lower reconstructed invariant mass and a larger reconstruc-
ted center-of-mass momentum due to the imbalance.

111

pT ∈ [14,105] MeV
B = 1 Tesla

New searches @ Mu3e

All the three tracks are save to tape 
so that missing energy searches can  

easily done! 

17 cm
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Three tracks + a Flavor violating axion

a, A′ aa a
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Three tracks + a Flavor violating axion

a, A′ aa a

The price to pay:

•Extra factor α2

•Phase-space suppression 
limited by the sensitivity  
of mu3e to low virtuality 
photons 
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Three tracks + a Flavor violating axion

a, A′ aa a

The price to pay:

•Extra factor α2

•Phase-space suppression 
limited by the sensitivity  
of mu3e to low virtuality 
photons 

1.  momenta now lie away 
from Michel calibration 

edge! 

e±

2. Analysis can be done 
offline leading to improved 

event reconstruction
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 Bump hunt in missing mass
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Final Reach
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Knapen, Langhoff, Opferkuch, D.R.,  2311.17915

Enhanced Lumi @ mu3e can ameliorate over the MEG II proposal

Phase I  stopped muons 2.5 × 1015μ+

Phase II  stopped muons 5.5 × 1016μ+

The reach of the two body decay channel 

should be taken with a grain of salt 


because it ignores systematic uncertainties
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Bump hunt in invariant mass

0 10 20 30 40 50

mee [MeV]

105

106

107

108

d
N

ev
en

ts
/d

m
ee

[M
eV

°
1
]

Dark photon
mA0 = 20 MeV

"2 = 2 £ 10°7

Signal
(£104)

m̂X

mee,1 + mee,2

Background

m̂X m
ee,1 + m

ee,2

Signal:

Background:

A′ 

 is the -pair that reconstructs the mass of the 
hypothetical resonance 

m̂X e+e−



°1.0 °0.5 0.0 0.5 1.0

cos µe°e+
s

10°1

100

101

Background

gµ
S

m̂X = 2 MeV

m̂X = 30 MeV

m̂X = 70 MeV

m̂X = 2 MeV

m̂X = 30 MeV

m̂X = 70 MeV

Angular correlation



°1.0 °0.5 0.0 0.5 1.0

cos µe°e+
s

10°1

100

101

Background

gµ
S

m̂X = 2 MeV

m̂X = 30 MeV

m̂X = 70 MeV

m̂X = 2 MeV

m̂X = 30 MeV

m̂X = 70 MeV

Angular correlation
The off shell SM photon is 

different from an on shell new 
resonance

•One particular collinear 
singularity of the bkd is 
absent for the signal
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The Dark Photon parameter space 
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Displaced resonances
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Backgrounds
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Lepton flavor conserving ALP

short-baseline high intensity flavor experiments can 
win over beam dumps for short displacements!
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Light steriles + dark photon

if the signal contains a lot of missing energy flavor 
factories can significantly extend the reach 



We might still be lucky…

The Dark Matter is light thermal relics 

…and see something

The neutrino mass comes from inverse seesaw

For example SM neutrinos are a component of the dark matter today and are easily produced at accelerators  
while their relic background is difficult to unveil

ADVANTAGEOUS PARADIGM FOR ACCELERATORS
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What if neutrino are composite? 

the sterile neutrino gets replaced  
by an operator dimension ΔN

: dark-jet on detector scales ΔN ≥ 7

New processe  
in neutral currents
Neutrino disintegration 

into a dark-jet
  

DIS scattering
e − ν   

2-DIS scattering
e − N

to appear with M. Costa and M. Borrello
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Distinguishing from the background

Example: electron recoil
NARROW INCOMING NEUTRINO FLUX WIDE NEUTRINO FLUX (AS PLANNED @ DUNE)

high missing mass tail in neutrino scattering!



Summary

Novel constraint  
from existing NuTeV data

Expected reach at SHIP  
surpasses EW invisible BR

Electron recoil subdominant 
because  is smalls = meEν

 recoils enhanced  
@ high missing mass 
ν − N



Dark Sectors at Flavor Factories 

LFV ALP @ MEG II & Mu3e

Thanks…

breaking SM accidental symm.

New resonances in muon decays  
Standard freeze-out targets

Direct probe of neutrino compositeness  


