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Squeezing the data as much as we can

Why is this important?

Triggering data that would otherwise get lost
Example @

Example @



Where is the theory?

<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>
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<latexit sha1_base64="HO+nciF4oC/Z0I1/TrHQYJePHP4="></latexit>
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Where is the theory?
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U(3)u
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U(3)E
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U(3)L Peccei-Quinn charges can be flavor dependent
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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>
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Where is the theory?

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

Feng-Murayama-Moroi-Shnapka  1998



Where is the theory?

<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>
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<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

X

i

@µa

2fa
f̄iC

A
fi�5fi +

X

i 6=j

@µa

2fa
f̄i�

µ(CV
fifj + CA

fifj�5)fj
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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="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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star  
cooling

Theory landscape 



<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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Theory landscape 

1) rare decays > cooling
2) ALPs can be DM 



<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⌧

BBN

SN

star  
cooling

Theory landscape 

1) closing the “prompt” region 
above BBN bounds 

2) ALP can mediate freeze-out
1) rare decays > cooling
2) ALPs can be DM 



Enormous luminosities poses trigger challenges  

Triggers

We need to know what to look for in advance

MEG II as an example 



Enormous luminosities poses trigger challenges  

Triggers

We need to know what to look for in advance

MEG II as an example 

arXiv 2006.04795see 
with L. Calibbi, J. Zupan, R. Ziegler  

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! 



Light new physics vs Lepton Flavor

Accidental symmetries of the Standard Model might be broken by light new particles feebly coupled to the SM

These light particles naturally emerges in models where Lepton Flavor is broken spontaneously at high scale

(familon, axion, axion-like particles, majorons)

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

<latexit sha1_base64="lvARl2ZYWBDDp7VjVqgqeH7Q8oU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBosgCCUpRV0W3bisYB/QxjCZTtqhM0mYmQg1FH/FjQtF3Pof7vwbp20W2nrgcg/n3MvcOUHCmdKO820tLa+srq0XNoqbW9s7u/beflPFqSS0QWIey3aAFeUsog3NNKftRFIsAk5bwfB64rceqFQsju70KKGewP2IhYxgbSTfPjzrhhKTTPj4vjLOKmNkum+XnLIzBVokbk5KkKPu21/dXkxSQSNNOFaq4zqJ9jIsNSOcjovdVNEEkyHu046hERZUedn0+jE6MUoPhbE0FWk0VX9vZFgoNRKBmRRYD9S8NxH/8zqpDi+9jEVJqmlEZg+FKUc6RpMoUI9JSjQfGYKJZOZWRAbYpKFNYEUTgjv/5UXSrJTd83L1tlqqXeVxFOAIjuEUXLiAGtxAHRpA4BGe4RXerCfrxXq3PmajS1a+cwB/YH3+AGjylI8=</latexit>

+
m2

a

2
a2

<latexit sha1_base64="Pyf6AAOSWMqa0RlwtqnkuvqrDbg=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJKeqy6MZlBfuANobJdNIOnUzCzEQosQt/xY0LRdz6G+78G6dtFtp6YOBwzj3cOydIOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+qOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxheT/zWA5WKxeJOjxLqRbgvWMgI1kby7cOzbigxydxxFvr4vjJG3V6slW+XnLIzBVokbk5KkKPu218mR9KICk04VqrjOon2Miw1I5yOi91U0QSTIe7TjqECR1R52fT+MToxSg+FsTRPaDRVfycyHCk1igIzGWE9UPPeRPzP66Q6vPQyJpJUU0Fmi8KUIx2jSRmoxyQlmo8MwUQycysiA2z60KayoinBnf/yImlWyu55uXpbLdWu8joKcATHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9ElK88cwB9Ynz9yFpXA</latexit>

+
1

f2
a

. . .

Light pseudo-Goldstone bosons (or ALP) <latexit sha1_base64="klw5Ax/r2LfHcBebAbsGEfm3Hbo=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0atwV3bisYB/QhDCZTtuhM5MwMxFK6G+4caGIW3/GnX/jpK2gogcuHM65l3vviVNGlXacD6u0srq2vlHerGxt7+zuVfcPOirJJCZtnLBE9mKkCKOCtDXVjPRSSRCPGenGk+vC794TqWgi7vQ0JSFHI0GHFCNtpIBHKGAM8ijgWVStOfal59cbdejY9TPf8wrieL7jN6BrO3PUwBKtqPoeDBKccSI0ZkipvuukOsyR1BQzMqsEmSIpwhM0In1DBeJEhfn85hk8McoADhNpSmg4V79P5IgrNeWx6eRIj9VvrxD/8vqZHvphTkWaaSLwYtEwY1AnsAgADqgkWLOpIQhLam6FeIwkwtrEVDEhfH0K/ycdz3bPbfe2UWteLeMogyNwDE6BCy5AE9yAFmgDDFLwAJ7As5VZj9aL9bpoLVnLmUPwA9bbJy/dkc0=</latexit>

ma ⌧ mµ

<latexit sha1_base64="Jvzfjbvgih4r8EhG52gmYDtQWnc=">AAACH3icbZDLSsNAFIYn9V5vVZduBosgCCURrS5FNy4r2FZoajiZntShM0mYmQgl5E3c+CpuXCgi7vo2Ti8LbwcGPv7/HM6cP0wF18Z1R05pbn5hcWl5pby6tr6xWdnabukkUwybLBGJug1Bo+AxNg03Am9ThSBDge1wcDn22w+oNE/iGzNMsSuhH/OIMzBWCir1Qz9SwHI/BWU4iMCXGYUijwIo/BBUjoXfBynhzhpTCk4oBpWqW3MnRf+CN4MqmVUjqHz6vYRlEmPDBGjd8dzUdPPxUiawKPuZxhTYAPrYsRiDRN3NJ/cVdN8qPRolyr7Y0In6fSIHqfVQhrZTgrnXv72x+J/XyUx01s15nGYGYzZdFGWCmoSOw6I9rpAZMbQATHH7V8ruweZlbKRlG4L3++S/0DqqefWad31cPb+YxbFMdskeOSAeOSXn5Io0SJMw8kieySt5c56cF+fd+Zi2lpzZzA75Uc7oC2fDo84=</latexit>

+
@µa

fa
ē�µ�5e

LFV @ dimension 5



Light new physics vs Lepton Flavor

Accidental symmetries of the Standard Model might be broken by light new particles feebly coupled to the SM

These light particles naturally emerges in models where Lepton Flavor is broken spontaneously at high scale

(familon, axion, axion-like particles, majorons)

See. L. Calibbi, D.R., R. Ziegler, J. Zupan 2006.04795
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Light new physics vs Lepton Flavor

Accidental symmetries of the Standard Model might be broken by light new particles feebly coupled to the SM

These light particles naturally emerges in models where Lepton Flavor is broken spontaneously at high scale
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Light new physics vs Lepton Flavor

Accidental symmetries of the Standard Model might be broken by light new particles feebly coupled to the SM

These light particles naturally emerges in models where Lepton Flavor is broken spontaneously at high scale

(familon, axion, axion-like particles, majorons)

See. L. Calibbi, D.R., R. Ziegler, J. Zupan 2006.04795
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+
m2

a

2
a2

axial and vectorial

LFV of the ALP

<latexit sha1_base64="Pyf6AAOSWMqa0RlwtqnkuvqrDbg=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJKeqy6MZlBfuANobJdNIOnUzCzEQosQt/xY0LRdz6G+78G6dtFtp6YOBwzj3cOydIOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+qOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxheT/zWA5WKxeJOjxLqRbgvWMgI1kby7cOzbigxydxxFvr4vjJG3V6slW+XnLIzBVokbk5KkKPu218mR9KICk04VqrjOon2Miw1I5yOi91U0QSTIe7TjqECR1R52fT+MToxSg+FsTRPaDRVfycyHCk1igIzGWE9UPPeRPzP66Q6vPQyJpJUU0Fmi8KUIx2jSRmoxyQlmo8MwUQycysiA2z60KayoinBnf/yImlWyu55uXpbLdWu8joKcATHcAouXEANbqAODSDwCM/wCm/Wk/VivVsfs9ElK88cwB9Ynz9yFpXA</latexit>

+
1

f2
a

. . .

Heavy scale

<latexit sha1_base64="u2v1XHy4N6Q5QSD/By4KDT90KFA=">AAACDHicbVC7TsMwFL3hWcqrwMhiUSExVUmpoGMFC2OR6ENqQuW4TmvVTiLbQaqifAALv8LCAEKsfAAbf4PbZoCWI1k+Oudc2ff4MWdK2/a3tbK6tr6xWdgqbu/s7u2XDg7bKkokoS0S8Uh2fawoZyFtaaY57caSYuFz2vHH11O/80ClYlF4pycx9QQehixgBGsj9Utl4mqcuIoJhNxAYpLW3ZihoI/vq1kqzHWemZRdsWdAy8TJSRlyNPulL3cQkUTQUBOOleo5dqy9FEvNCKdZ0U0UjTEZ4yHtGRpiQZWXzpbJ0KlRBiiIpDmhRjP190SKhVIT4ZukwHqkFr2p+J/XS3RQ91IWxommIZk/FCQc6QhNm0EDJinRfGIIJpKZvyIywqYSbformhKcxZWXSbtacS4qtdtauXGV11GAYziBM3DgEhpwA01oAYFHeIZXeLOerBfr3fqYR1esfOYI/sD6/AHqfZrp</latexit>

c⌧ ⇠ 8⇡f2
a

m3
a

<latexit sha1_base64="xFYvn/OAMOC2cT7S+Bt7c1SzW0E=">AAACAHicbVC7SgNBFJ31GeNr1cLCZjAIVmFXgloGbSwsIpgHZEOYndwkQ2YfzNwVw7KNv2JjoYitn2Hn3zhJttDEAwOHc+7lzjl+LIVGx/m2lpZXVtfWCxvFza3tnV17b7+ho0RxqPNIRqrlMw1ShFBHgRJasQIW+BKa/uh64jcfQGkRhfc4jqETsEEo+oIzNFLXPvQGA3rbTT2ER0x7gMAxUlnWtUtO2ZmCLhI3JyWSo9a1v7xexJMAQuSSad12nRg7KVMouISs6CUaYsZHbABtQ0MWgO6k0wAZPTFKj/YjZV6IdKr+3khZoPU48M1kwHCo572J+J/XTrB/2UlFGCcIIZ8d6ieSYkQnbdCeUCawHBvCuBLmr5QPmWIcTWdFU4I7H3mRNM7K7nm5clcpVa/yOgrkiByTU+KSC1IlN6RG6oSTjDyTV/JmPVkv1rv1MRtdsvKdA/IH1ucPcPCW+g==</latexit>� Ldetector

not  accessible 

with dipoles 

Light pseudo-Goldstone bosons (or ALP) <latexit sha1_base64="klw5Ax/r2LfHcBebAbsGEfm3Hbo=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0atwV3bisYB/QhDCZTtuhM5MwMxFK6G+4caGIW3/GnX/jpK2gogcuHM65l3vviVNGlXacD6u0srq2vlHerGxt7+zuVfcPOirJJCZtnLBE9mKkCKOCtDXVjPRSSRCPGenGk+vC794TqWgi7vQ0JSFHI0GHFCNtpIBHKGAM8ijgWVStOfal59cbdejY9TPf8wrieL7jN6BrO3PUwBKtqPoeDBKccSI0ZkipvuukOsyR1BQzMqsEmSIpwhM0In1DBeJEhfn85hk8McoADhNpSmg4V79P5IgrNeWx6eRIj9VvrxD/8vqZHvphTkWaaSLwYtEwY1AnsAgADqgkWLOpIQhLam6FeIwkwtrEVDEhfH0K/ycdz3bPbfe2UWteLeMogyNwDE6BCy5AE9yAFmgDDFLwAJ7As5VZj9aL9bpoLVnLmUPwA9bbJy/dkc0=</latexit>

ma ⌧ mµ

<latexit sha1_base64="Jvzfjbvgih4r8EhG52gmYDtQWnc=">AAACH3icbZDLSsNAFIYn9V5vVZduBosgCCURrS5FNy4r2FZoajiZntShM0mYmQgl5E3c+CpuXCgi7vo2Ti8LbwcGPv7/HM6cP0wF18Z1R05pbn5hcWl5pby6tr6xWdnabukkUwybLBGJug1Bo+AxNg03Am9ThSBDge1wcDn22w+oNE/iGzNMsSuhH/OIMzBWCir1Qz9SwHI/BWU4iMCXGYUijwIo/BBUjoXfBynhzhpTCk4oBpWqW3MnRf+CN4MqmVUjqHz6vYRlEmPDBGjd8dzUdPPxUiawKPuZxhTYAPrYsRiDRN3NJ/cVdN8qPRolyr7Y0In6fSIHqfVQhrZTgrnXv72x+J/XyUx01s15nGYGYzZdFGWCmoSOw6I9rpAZMbQATHH7V8ruweZlbKRlG4L3++S/0DqqefWad31cPb+YxbFMdskeOSAeOSXn5Io0SJMw8kieySt5c56cF+fd+Zi2lpzZzA75Uc7oC2fDo84=</latexit>

+
@µa

fa
ē�µ�5e

electron coupling

of the ALP

Interplay between flavor experiments and astrophysics

LFV @ dimension 5



Light new physics experimental paradigm
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 



Light new physics experimental paradigm
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
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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 

fwd region 
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Light new physics experimental paradigm
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 

For left-handed couplings the limitation are large systematics

bkd enhanced in the 

bkwd region

<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 by 
<latexit sha1_base64="iLPoET+aSvaXAEeHjoiVM/fXr2g=">AAACHHicbVBNS8NAEN3U7/oV9ehlsQieSlKLehRF8KhgbaFbwmS7aZfuJmF3I5SQH+LFv+LFgyJePAj+G7cfB219MPB4b4aZeWEquDae9+2UFhaXlldW18rrG5tb2+7O7r1OMkVZgyYiUa0QNBM8Zg3DjWCtVDGQoWDNcHA58psPTGmexHdmmLKOhF7MI07BWClwj4nmkkQKaE5ApH0o8hpJeUFE0sMTvXYVkB5IaS0ZEJkVgVvxqt4YeJ74U1JBU9wE7ifpJjSTLDZUgNZt30tNJwdlOBWsKJNMsxToAHqsbWkMkulOPn6uwIdW6eIoUbZig8fq74kcpNZDGdpOCaavZ72R+J/Xzkx01sl5nGaGxXSyKMoENgkeJYW7XDFqxNASoIrbWzHtg03E2DzLNgR/9uV5cl+r+ifV+m29cn4xjWMV7aMDdIR8dIrO0TW6QQ1E0SN6Rq/ozXlyXpx352PSWnKmM3voD5yvH5H7ou0=</latexit>

⇠ ↵

2⇡
log

2E�

mµ

Jho, Knapen, D.R.  2112.07720See
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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 
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Background suppression in the fwd direction requires:
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<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 



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>

{



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

<latexit sha1_base64="D851uIgcFQezLUen3fZM4RO4SYs=">AAACFnicbVDLSgNBEJz1bXzFx83LYBA8SNiVoB5FPXgRVMwDsssyO+mYITO7y0yvGJf8h0ev+hHexKtXv8GfcBJzUGNBQ1HVTXdXlEph0HU/nInJqemZ2bn5wsLi0vJKcXWtZpJMc6jyRCa6ETEDUsRQRYESGqkGpiIJ9ah7MvDrt6CNSOJr7KUQKHYTi7bgDK0UFjd8hDvMr85P+74Ril6FvsrCYsktu0PQceKNSImMcBEWP/1WwjMFMXLJjGl6bopBzjQKLqFf8DMDKeNddgNNS2OmwAT58Po+3bZKi7YTbStGOlR/TuRMGdNTke1UDDvmrzcQ//OaGbYPg1zEaYYQ8+9F7UxSTOggCtoSGjjKniWMa2FvpbzDNONoA/u1JYrUrrGPdaDVL9h0vL9ZjJPaXtnbL1cuK6Wj41FOc2STbJEd4pEDckTOyAWpEk7uySN5Is/Og/PivDpv360TzmhmnfyC8/4FsDWfeg==</latexit>

RMD ⇠ Rµ

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

<latexit sha1_base64="9FakPWGImPRnNF4S6Msgj6fZov8=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF49RXBNIljA7mU2GzMwu8xDCkm/w4kERr36QN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2DgpvO91he1Va37dnwEtk6AgNSjQ7FW/uv2UWEGlIRxr3Qn8zEQ5VoYRTieVrtU0w2SEB7TjqMSC6iifHTtBJ07poyRVrqRBM/X3RI6F1mMRu06BzVAvelPxP69jTXIV5Uxm1lBJ5osSy5FJ0fRz1GeKEsPHjmCimLsVkSFWmBiXT8WFECy+vEwez+rBRT24O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8At+COoQ==</latexit>

Rµ
*

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 

estimate of the trigger rate5 5.5 6 6.5 7 7.5 85
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<latexit sha1_base64="wogkvbKN2debXF/sLDdg+BwOgpE="></latexit>N
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<latexit sha1_base64="0+yvNfbFOe2ygubiPfv168CwFPg="></latexit> N
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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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Different chiral structures

MEG-II fwd proj. Mu3e online

MEG-II ALP is the best way to explore ~ a decade of 
unconstrained parameter space ~ NOW



Different chiral structures
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on TWIST with only 


1 month of data taking*

MEG-II fwd proj. Mu3e online

MEG-II ALP is the best way to explore ~ a decade of 
unconstrained parameter space ~ NOW



Different chiral structures

MEG II-ALP can improve 

on TWIST with only 


1 month of data taking*

MEG-II fwd proj. Mu3e online

A dedicated fwd experiment 

under optimal experimental conditions


F=100, % level precision, 10^14 muons  

Mu3e online. Perrevoort 2018 

MEG-II ALP is the best way to explore ~ a decade of 
unconstrained parameter space ~ NOW



Back to theory
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Panci, Redigolo, Schwetz Ziegler 2209.03371 



Back to theory
axions coupled to leptons anarchically: flavor diagonal    =  flavor off-diagonal   

MEG-II can surpass bounds  
from star cooling!  
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ē�µ�5e

MEG-II can completely test  
Freeze-in model based on LFV decays 

Panci, Redigolo, Schwetz Ziegler 2209.03371 



Maximising the experimental reach…

New searches 

Looking at final states where the separation between  
signal and bkd is sharper

Belle II as an example 



ALPs production @ Belle II

Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



ALPs production @ Belle II

Belle II ECAL acceptance Belle II ECAL acceptance 
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<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

Photon-fusion
<latexit sha1_base64="SV9uaJ4IlMXCh1Ed6Nzm/Uygvjw=">AAAB8HicdVDJSgNBEO1xjXGLevTSGAQhOMzoZExuQS8eI5hFkkno6VSSJj0L3T1CGPIVXjwo4tXP8ebf2FkEFX1Q8Hiviqp6fsyZVJb1YSwtr6yurWc2sptb2zu7ub39uowSQaFGIx6Jpk8kcBZCTTHFoRkLIIHPoeGPrqZ+4x6EZFF4q8YxeAEZhKzPKFFauoNOoQCd0wLp5vKWWXJcyy1jyyw6TrHsamLb9rlrY9u0ZsijBard3Hu7F9EkgFBRTqRs2VasvJQIxSiHSbadSIgJHZEBtDQNSQDSS2cHT/CxVnq4HwldocIz9ftESgIpx4GvOwOihvK3NxX/8lqJ6pe8lIVxoiCk80X9hGMV4en3uMcEUMXHmhAqmL4V0yERhCqdUVaH8PUp/p/Uz0zbNZ0bJ1+5XMSRQYfoCJ0gG12gCrpGVVRDFAXoAT2hZ0MYj8aL8TpvXTIWMwfoB4y3T8J4j8E=</latexit>

e+ + e� + a

<latexit sha1_base64="X15VbUZNYMBxtb0NA+auEv/iSck=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4CjNmzJhbVASPEcwCmSH0dDpJk57F7ppgGPIdXjwo4tWP8ebf2FkEFX1Q8Hiviqp6fiy4AtP8MDJLyyura9n13Mbm1vZOfnevoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/vJz6zRGTikfhLYxj5gWkH/IepwS05LlCuMDuIb2qnU86+YJZPLWccqmCNbHtkmlrYpZtx6lgq2jOUEAL1Dr5d7cb0SRgIVBBlGpbZgxeSiRwKtgk5yaKxYQOSZ+1NQ1JwJSXzo6e4COtdHEvkrpCwDP1+0RKAqXGga87AwID9dubin957QR6Z17KwzgBFtL5ol4iMER4mgDucskoiLEmhEqub8V0QCShoHPK6RC+PsX/k8ZJ0SoX7Ru7UL1YxJFFB+gQHSMLOaiKrlEN1RFFd+gBPaFnY2Q8Gi/G67w1Yyxm9tEPGG+fUPuSfA==</latexit>

⌧ EPA

Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



ALPs production @ Belle II

Belle II ECAL acceptance Belle II ECAL acceptance 

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<latexit sha1_base64="0zy57PtXJbz+RmjMXZH8AYqt+pc=">AAAB73icdVDJSgNBEO1xjXGLevTSGARBGHrGbMegF48RzALJEGo6naRJ98zY3SOEkJ/w4kERr/6ON//GziKo6IOCx3tVVNULE8G1IeTDWVldW9/YzGxlt3d29/ZzB4cNHaeKsjqNRaxaIWgmeMTqhhvBWoliIEPBmuHoauY375nSPI5uzThhgYRBxPucgrFSqzMAKeEcurk8cYlfLnoEE9e/IJWyb0nBLxZLPvZcMkceLVHr5t47vZimkkWGCtC67ZHEBBNQhlPBptlOqlkCdAQD1rY0Asl0MJnfO8WnVunhfqxsRQbP1e8TE5Baj2VoOyWYof7tzcS/vHZq+pVgwqMkNSyii0X9VGAT49nzuMcVo0aMLQGquL0V0yEooMZGlLUhfH2K/ycN3/VKbuGmkK9eLuPIoGN0gs6Qh8qoiq5RDdURRQI9oCf07Nw5j86L87poXXGWM0foB5y3TwTdj/s=</latexit>

� + a
ALP-strahlung

If the ALP mediates the DM freeze-out and the DM is lighter  The ALP decays purely invisibly

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

Photon-fusion
<latexit sha1_base64="SV9uaJ4IlMXCh1Ed6Nzm/Uygvjw=">AAAB8HicdVDJSgNBEO1xjXGLevTSGAQhOMzoZExuQS8eI5hFkkno6VSSJj0L3T1CGPIVXjwo4tXP8ebf2FkEFX1Q8Hiviqp6fsyZVJb1YSwtr6yurWc2sptb2zu7ub39uowSQaFGIx6Jpk8kcBZCTTHFoRkLIIHPoeGPrqZ+4x6EZFF4q8YxeAEZhKzPKFFauoNOoQCd0wLp5vKWWXJcyy1jyyw6TrHsamLb9rlrY9u0ZsijBard3Hu7F9EkgFBRTqRs2VasvJQIxSiHSbadSIgJHZEBtDQNSQDSS2cHT/CxVnq4HwldocIz9ftESgIpx4GvOwOihvK3NxX/8lqJ6pe8lIVxoiCk80X9hGMV4en3uMcEUMXHmhAqmL4V0yERhCqdUVaH8PUp/p/Uz0zbNZ0bJ1+5XMSRQYfoCJ0gG12gCrpGVVRDFAXoAT2hZ0MYj8aL8TpvXTIWMwfoB4y3T8J4j8E=</latexit>

e+ + e� + a

<latexit sha1_base64="X15VbUZNYMBxtb0NA+auEv/iSck=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4CjNmzJhbVASPEcwCmSH0dDpJk57F7ppgGPIdXjwo4tWP8ebf2FkEFX1Q8Hiviqp6fiy4AtP8MDJLyyura9n13Mbm1vZOfnevoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/vJz6zRGTikfhLYxj5gWkH/IepwS05LlCuMDuIb2qnU86+YJZPLWccqmCNbHtkmlrYpZtx6lgq2jOUEAL1Dr5d7cb0SRgIVBBlGpbZgxeSiRwKtgk5yaKxYQOSZ+1NQ1JwJSXzo6e4COtdHEvkrpCwDP1+0RKAqXGga87AwID9dubin957QR6Z17KwzgBFtL5ol4iMER4mgDucskoiLEmhEqub8V0QCShoHPK6RC+PsX/k8ZJ0SoX7Ru7UL1YxJFFB+gQHSMLOaiKrlEN1RFFd+gBPaFnY2Q8Gi/G67w1Yyxm9tEPGG+fUPuSfA==</latexit>

⌧ EPA

Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



Fusing photons into nothing 

<latexit sha1_base64="YsLnEvABChIqgFSL2NBymrwu2cM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUS9C0IMeI5gHJMsyO+kkQ2YfzPQGw5I/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1VYWV1b3yhulra2d3b37P2Dho5TxaHOYxmrVsA0SBFBHQVKaCUKWBhIaAbD26nfHIHSIo4ecZyAF7J+JHqCMzSSb9uhz67dDsITZvQOGhPfLjsVZwa6TNyclEmOmm9/dboxT0OIkEumddt1EvQyplBwCZNSJ9WQMD5kfWgbGrEQtJfNLp/QE6N0aS9WpiKkM/X3RMZCrcdhYDpDhgO96E3F/7x2ir0rLxNRkiJEfL6ol0qKMZ3GQLtCAUc5NoRxJcytlA+YYhxNWCUTgrv48jJpnFXci8r5w3m5epPHUSRH5JicEpdckiq5JzVSJ5yMyDN5JW9WZr1Y79bHvLVg5TOH5A+szx/Zb5Mq</latexit>

ma = 1 GeV

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible



Fusing photons into nothing 

<latexit sha1_base64="YsLnEvABChIqgFSL2NBymrwu2cM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUS9C0IMeI5gHJMsyO+kkQ2YfzPQGw5I/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1VYWV1b3yhulra2d3b37P2Dho5TxaHOYxmrVsA0SBFBHQVKaCUKWBhIaAbD26nfHIHSIo4ecZyAF7J+JHqCMzSSb9uhz67dDsITZvQOGhPfLjsVZwa6TNyclEmOmm9/dboxT0OIkEumddt1EvQyplBwCZNSJ9WQMD5kfWgbGrEQtJfNLp/QE6N0aS9WpiKkM/X3RMZCrcdhYDpDhgO96E3F/7x2ir0rLxNRkiJEfL6ol0qKMZ3GQLtCAUc5NoRxJcytlA+YYhxNWCUTgrv48jJpnFXci8r5w3m5epPHUSRH5JicEpdckiq5JzVSJ5yMyDN5JW9WZr1Y79bHvLVg5TOH5A+szx/Zb5Mq</latexit>

ma = 1 GeV

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

A large separation from QED background 

can be obtained @ small masses 



Fusing photons into nothing 

 The signal has LARGE missing energy + it is CENTRAL 

+ SMALL missing mass

<latexit sha1_base64="YsLnEvABChIqgFSL2NBymrwu2cM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUS9C0IMeI5gHJMsyO+kkQ2YfzPQGw5I/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1VYWV1b3yhulra2d3b37P2Dho5TxaHOYxmrVsA0SBFBHQVKaCUKWBhIaAbD26nfHIHSIo4ecZyAF7J+JHqCMzSSb9uhz67dDsITZvQOGhPfLjsVZwa6TNyclEmOmm9/dboxT0OIkEumddt1EvQyplBwCZNSJ9WQMD5kfWgbGrEQtJfNLp/QE6N0aS9WpiKkM/X3RMZCrcdhYDpDhgO96E3F/7x2ir0rLxNRkiJEfL6ol0qKMZ3GQLtCAUc5NoRxJcytlA+YYhxNWCUTgrv48jJpnFXci8r5w3m5epPHUSRH5JicEpdckiq5JzVSJ5yMyDN5JW9WZr1Y79bHvLVg5TOH5A+szx/Zb5Mq</latexit>

ma = 1 GeV

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

A large separation from QED background 

can be obtained @ small masses 



Fusing photons into nothing 

 The signal has LARGE missing energy + it is CENTRAL 

+ SMALL missing mass

<latexit sha1_base64="YsLnEvABChIqgFSL2NBymrwu2cM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUS9C0IMeI5gHJMsyO+kkQ2YfzPQGw5I/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1VYWV1b3yhulra2d3b37P2Dho5TxaHOYxmrVsA0SBFBHQVKaCUKWBhIaAbD26nfHIHSIo4ecZyAF7J+JHqCMzSSb9uhz67dDsITZvQOGhPfLjsVZwa6TNyclEmOmm9/dboxT0OIkEumddt1EvQyplBwCZNSJ9WQMD5kfWgbGrEQtJfNLp/QE6N0aS9WpiKkM/X3RMZCrcdhYDpDhgO96E3F/7x2ir0rLxNRkiJEfL6ol0qKMZ3GQLtCAUc5NoRxJcytlA+YYhxNWCUTgrv48jJpnFXci8r5w3m5epPHUSRH5JicEpdckiq5JzVSJ5yMyDN5JW9WZr1Y79bHvLVg5TOH5A+szx/Zb5Mq</latexit>

ma = 1 GeV

<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

A large separation from QED background 

can be obtained @ small masses The separation holds at higher masses because the 


MET in the signal event grows 



<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

The separation from the tau-tau background is achieved using the antler topology of tau-tau 
Han, Kim, Song 0906.5009, Franceshini et al. 2206.13431

Fusing photons into nothing



<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

The separation from the tau-tau background is achieved using the antler topology of tau-tau 

The tau-tau background is peaked  
Han, Kim, Song 0906.5009, Franceshini et al. 2206.13431

Fusing photons into nothing



<latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a <latexit sha1_base64="wN58L3sf1igMoXiJd91MusWUkp4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LXjxWsB/QLiWbpm1oNrsks8Wy9J948aCIV/+JN/+NabsHbX0QeLyZN5l5YSKFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMHGqGa+zWMa6FVLDpVC8jgIlbyWa0yiUvBmO7mb15phrI2L1iJOEBxEdKNEXjKKVuq7bQf6EmVBjYYQ1Tbtu2at4c5BV4uekDDlqXfer04tZGnGFTFJj2r6XYJBRjYLZeaVOanhC2YgOeNtSRSNugmy++ZScWaVH+rG2TyGZq78dGY2MmUSh7YwoDs1ybSb+V2un2L8J7FlJilyxxUf9VBKMySwG0hOaM5QTSyjTwu5K2JBqytCGVbIh+Msnr5LGRcW/qlw+XJart3kcRTiBUzgHH66hCvdQgzowGMMzvMKbkzkvzrvzsWgtOLnnGP7A+fwBceKUMg==</latexit>

invisible

The separation from the tau-tau background is achieved using the antler topology of tau-tau 

The tau-tau background is peaked  

The signal is spread for small masses but less for high masses 

Han, Kim, Song 0906.5009, Franceshini et al. 2206.13431

Fusing photons into nothing



Photon-fusion is a complementary probe of the invisible ALP!

Acanfora, Franceschini, Mastroddi, D.R. 2307.06369

What more can be squeezed? 

<latexit sha1_base64="cFrpiq6bxFtVA2NLvQ6FSVQwW4A=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhNATs3kLevEYwSyQhNDT6SRNumeG7ppoiPkULx4U8eqXePNv7CyCij4oeLxXRVU9L5TCACEfTmxldW19I76Z2Nre2d1LpvZrJog041UWyEA3PGq4FD6vggDJG6HmVHmS173h5cyvj7g2IvBvYBzytqJ9X/QEo2ClTjLV6lOl6GkL+B1MhD+adpJpkjkv5YlbwCSTJ9lcaUbcAimelbCbIXOk0RKVTvK91Q1YpLgPTFJjmi4JoT2hGgSTfJpoRYaHlA1pnzct9anipj2Znz7Fx1bp4l6gbfmA5+r3iQlVxoyVZzsVhYH57c3Ev7xmBL1S2z4URsB9tljUiySGAM9ywF2hOQM5toQyLeytmA2opgxsWgkbwten+H9Sy9pYMrnrXLp8sYwjjg7RETpBLiqiMrpCFVRFDN2iB/SEnp1759F5cV4XrTFnOXOAfsB5+wQmK5Sd</latexit>

� + inv



Photon-fusion is a complementary probe of the invisible ALP!

Acanfora, Franceschini, Mastroddi, D.R. 2307.06369

What more can be squeezed? 

<latexit sha1_base64="cFrpiq6bxFtVA2NLvQ6FSVQwW4A=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhNATs3kLevEYwSyQhNDT6SRNumeG7ppoiPkULx4U8eqXePNv7CyCij4oeLxXRVU9L5TCACEfTmxldW19I76Z2Nre2d1LpvZrJog041UWyEA3PGq4FD6vggDJG6HmVHmS173h5cyvj7g2IvBvYBzytqJ9X/QEo2ClTjLV6lOl6GkL+B1MhD+adpJpkjkv5YlbwCSTJ9lcaUbcAimelbCbIXOk0RKVTvK91Q1YpLgPTFJjmi4JoT2hGgSTfJpoRYaHlA1pnzct9anipj2Znz7Fx1bp4l6gbfmA5+r3iQlVxoyVZzsVhYH57c3Ev7xmBL1S2z4URsB9tljUiySGAM9ywF2hOQM5toQyLeytmA2opgxsWgkbwten+H9Sy9pYMrnrXLp8sYwjjg7RETpBLiqiMrpCFVRFDN2iB/SEnp1759F5cV4XrTFnOXOAfsB5+wQmK5Sd</latexit>

� + invReach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



The new search does not deteriorate 

at high masses for trigger requirements 

Photon-fusion is a complementary probe of the invisible ALP!

Acanfora, Franceschini, Mastroddi, D.R. 2307.06369

What more can be squeezed? 

<latexit sha1_base64="cFrpiq6bxFtVA2NLvQ6FSVQwW4A=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhNATs3kLevEYwSyQhNDT6SRNumeG7ppoiPkULx4U8eqXePNv7CyCij4oeLxXRVU9L5TCACEfTmxldW19I76Z2Nre2d1LpvZrJog041UWyEA3PGq4FD6vggDJG6HmVHmS173h5cyvj7g2IvBvYBzytqJ9X/QEo2ClTjLV6lOl6GkL+B1MhD+adpJpkjkv5YlbwCSTJ9lcaUbcAimelbCbIXOk0RKVTvK91Q1YpLgPTFJjmi4JoT2hGgSTfJpoRYaHlA1pnzct9anipj2Znz7Fx1bp4l6gbfmA5+r3iQlVxoyVZzsVhYH57c3Ev7xmBL1S2z4URsB9tljUiySGAM9ywF2hOQM5toQyLeytmA2opgxsWgkbwten+H9Sy9pYMrnrXLp8sYwjjg7RETpBLiqiMrpCFVRFDN2iB/SEnp1759F5cV4XrTFnOXOAfsB5+wQmK5Sd</latexit>

� + invReach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



The search is essentially background-free 

if contamination from detector “holes” can be tamed 

The new search does not deteriorate 

at high masses for trigger requirements 

Photon-fusion is a complementary probe of the invisible ALP!

Acanfora, Franceschini, Mastroddi, D.R. 2307.06369

What more can be squeezed? 

<latexit sha1_base64="cFrpiq6bxFtVA2NLvQ6FSVQwW4A=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhNATs3kLevEYwSyQhNDT6SRNumeG7ppoiPkULx4U8eqXePNv7CyCij4oeLxXRVU9L5TCACEfTmxldW19I76Z2Nre2d1LpvZrJog041UWyEA3PGq4FD6vggDJG6HmVHmS173h5cyvj7g2IvBvYBzytqJ9X/QEo2ClTjLV6lOl6GkL+B1MhD+adpJpkjkv5YlbwCSTJ9lcaUbcAimelbCbIXOk0RKVTvK91Q1YpLgPTFJjmi4JoT2hGgSTfJpoRYaHlA1pnzct9anipj2Znz7Fx1bp4l6gbfmA5+r3iQlVxoyVZzsVhYH57c3Ev7xmBL1S2z4URsB9tljUiySGAM9ywF2hOQM5toQyLeytmA2opgxsWgkbwten+H9Sy9pYMrnrXLp8sYwjjg7RETpBLiqiMrpCFVRFDN2iB/SEnp1759F5cV4XrTFnOXOAfsB5+wQmK5Sd</latexit>

� + invReach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



The search is essentially background-free 

if contamination from detector “holes” can be tamed 

The new search does not deteriorate 

at high masses for trigger requirements 

Photon-fusion is a complementary probe of the invisible ALP!

It can probe DM resonant freeze-out  completely!

Acanfora, Franceschini, Mastroddi, D.R. 2307.06369

What more can be squeezed? 

<latexit sha1_base64="cFrpiq6bxFtVA2NLvQ6FSVQwW4A=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhNATs3kLevEYwSyQhNDT6SRNumeG7ppoiPkULx4U8eqXePNv7CyCij4oeLxXRVU9L5TCACEfTmxldW19I76Z2Nre2d1LpvZrJog041UWyEA3PGq4FD6vggDJG6HmVHmS173h5cyvj7g2IvBvYBzytqJ9X/QEo2ClTjLV6lOl6GkL+B1MhD+adpJpkjkv5YlbwCSTJ9lcaUbcAimelbCbIXOk0RKVTvK91Q1YpLgPTFJjmi4JoT2hGgSTfJpoRYaHlA1pnzct9anipj2Znz7Fx1bp4l6gbfmA5+r3iQlVxoyVZzsVhYH57c3Ev7xmBL1S2z4URsB9tljUiySGAM9ywF2hOQM5toQyLeytmA2opgxsWgkbwten+H9Sy9pYMrnrXLp8sYwjjg7RETpBLiqiMrpCFVRFDN2iB/SEnp1759F5cV4XrTFnOXOAfsB5+wQmK5Sd</latexit>

� + invReach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009



Fusing photons into diphoton resonance 

Diphoton resonances produced in photon fusions
<latexit sha1_base64="SV9uaJ4IlMXCh1Ed6Nzm/Uygvjw=">AAAB8HicdVDJSgNBEO1xjXGLevTSGAQhOMzoZExuQS8eI5hFkkno6VSSJj0L3T1CGPIVXjwo4tXP8ebf2FkEFX1Q8Hiviqp6fsyZVJb1YSwtr6yurWc2sptb2zu7ub39uowSQaFGIx6Jpk8kcBZCTTHFoRkLIIHPoeGPrqZ+4x6EZFF4q8YxeAEZhKzPKFFauoNOoQCd0wLp5vKWWXJcyy1jyyw6TrHsamLb9rlrY9u0ZsijBard3Hu7F9EkgFBRTqRs2VasvJQIxSiHSbadSIgJHZEBtDQNSQDSS2cHT/CxVnq4HwldocIz9ftESgIpx4GvOwOihvK3NxX/8lqJ6pe8lIVxoiCk80X9hGMV4en3uMcEUMXHmhAqmL4V0yERhCqdUVaH8PUp/p/Uz0zbNZ0bJ1+5XMSRQYfoCJ0gG12gCrpGVVRDFAXoAT2hZ0MYj8aL8TpvXTIWMwfoB4y3T8J4j8E=</latexit>

e+ + e� + a
<latexit sha1_base64="tuKzEBQ+MSaOGxZp1yStBnp5Xkg=">AAACBHicdVA9SwNBEN3zM8avqGWaxSBoc9zFmKQM2lhGMFFIQtjbTOLi7t2xOyeGI4WNf8XGQhFbf4Sd/8bNh6CiD2Z4vDfD7rwglsKg5304c/MLi0vLmZXs6tr6xmZua7tpokRzaPBIRvoyYAakCKGBAiVcxhqYCiRcBNcnY//iBrQRUXiOwxg6ig1C0RecoZW6ufx+e8CUYtN+0E3bCLeYajCjUTdX8NxKteiXy9Rzj7ziYWlMfN+vHB5R3/UmKJAZ6t3ce7sX8URBiFwyY1q+F2MnZRoFlzDKthMDMePXbAAtS0OmwHTSyREjumeVHu1H2laIdKJ+30iZMmaoAjupGF6Z395Y/MtrJdivdlIRxglCyKcP9RNJMaLjRGhPaOAoh5YwroX9K+VXTDOONresDeHrUvo/aRZdv+yWzkqF2vEsjgzJk12yT3xSITVySuqkQTi5Iw/kiTw7986j8+K8TkfnnNnODvkB5+0Trn2Yzw==</latexit>

(��)res



Fusing photons into diphoton resonance 

Diphoton resonances produced in photon fusions
<latexit sha1_base64="SV9uaJ4IlMXCh1Ed6Nzm/Uygvjw=">AAAB8HicdVDJSgNBEO1xjXGLevTSGAQhOMzoZExuQS8eI5hFkkno6VSSJj0L3T1CGPIVXjwo4tXP8ebf2FkEFX1Q8Hiviqp6fsyZVJb1YSwtr6yurWc2sptb2zu7ub39uowSQaFGIx6Jpk8kcBZCTTHFoRkLIIHPoeGPrqZ+4x6EZFF4q8YxeAEZhKzPKFFauoNOoQCd0wLp5vKWWXJcyy1jyyw6TrHsamLb9rlrY9u0ZsijBard3Hu7F9EkgFBRTqRs2VasvJQIxSiHSbadSIgJHZEBtDQNSQDSS2cHT/CxVnq4HwldocIz9ftESgIpx4GvOwOihvK3NxX/8lqJ6pe8lIVxoiCk80X9hGMV4en3uMcEUMXHmhAqmL4V0yERhCqdUVaH8PUp/p/Uz0zbNZ0bJ1+5XMSRQYfoCJ0gG12gCrpGVVRDFAXoAT2hZ0MYj8aL8TpvXTIWMwfoB4y3T8J4j8E=</latexit>

e+ + e� + a
<latexit sha1_base64="tuKzEBQ+MSaOGxZp1yStBnp5Xkg=">AAACBHicdVA9SwNBEN3zM8avqGWaxSBoc9zFmKQM2lhGMFFIQtjbTOLi7t2xOyeGI4WNf8XGQhFbf4Sd/8bNh6CiD2Z4vDfD7rwglsKg5304c/MLi0vLmZXs6tr6xmZua7tpokRzaPBIRvoyYAakCKGBAiVcxhqYCiRcBNcnY//iBrQRUXiOwxg6ig1C0RecoZW6ufx+e8CUYtN+0E3bCLeYajCjUTdX8NxKteiXy9Rzj7ziYWlMfN+vHB5R3/UmKJAZ6t3ce7sX8URBiFwyY1q+F2MnZRoFlzDKthMDMePXbAAtS0OmwHTSyREjumeVHu1H2laIdKJ+30iZMmaoAjupGF6Z395Y/MtrJdivdlIRxglCyKcP9RNJMaLjRGhPaOAoh5YwroX9K+VXTDOONresDeHrUvo/aRZdv+yWzkqF2vEsjgzJk12yT3xSITVySuqkQTi5Iw/kiTw7986j8+K8TkfnnNnODvkB5+0Trn2Yzw==</latexit>

(��)res

@ small diphoton mass the background photons tend to be soft 

and collinear with the electron/positron



Fusing photons into diphoton resonance 

Diphoton resonances produced in photon fusions
<latexit sha1_base64="SV9uaJ4IlMXCh1Ed6Nzm/Uygvjw=">AAAB8HicdVDJSgNBEO1xjXGLevTSGAQhOMzoZExuQS8eI5hFkkno6VSSJj0L3T1CGPIVXjwo4tXP8ebf2FkEFX1Q8Hiviqp6fsyZVJb1YSwtr6yurWc2sptb2zu7ub39uowSQaFGIx6Jpk8kcBZCTTHFoRkLIIHPoeGPrqZ+4x6EZFF4q8YxeAEZhKzPKFFauoNOoQCd0wLp5vKWWXJcyy1jyyw6TrHsamLb9rlrY9u0ZsijBard3Hu7F9EkgFBRTqRs2VasvJQIxSiHSbadSIgJHZEBtDQNSQDSS2cHT/CxVnq4HwldocIz9ftESgIpx4GvOwOihvK3NxX/8lqJ6pe8lIVxoiCk80X9hGMV4en3uMcEUMXHmhAqmL4V0yERhCqdUVaH8PUp/p/Uz0zbNZ0bJ1+5XMSRQYfoCJ0gG12gCrpGVVRDFAXoAT2hZ0MYj8aL8TpvXTIWMwfoB4y3T8J4j8E=</latexit>

e+ + e� + a
<latexit sha1_base64="tuKzEBQ+MSaOGxZp1yStBnp5Xkg=">AAACBHicdVA9SwNBEN3zM8avqGWaxSBoc9zFmKQM2lhGMFFIQtjbTOLi7t2xOyeGI4WNf8XGQhFbf4Sd/8bNh6CiD2Z4vDfD7rwglsKg5304c/MLi0vLmZXs6tr6xmZua7tpokRzaPBIRvoyYAakCKGBAiVcxhqYCiRcBNcnY//iBrQRUXiOwxg6ig1C0RecoZW6ufx+e8CUYtN+0E3bCLeYajCjUTdX8NxKteiXy9Rzj7ziYWlMfN+vHB5R3/UmKJAZ6t3ce7sX8URBiFwyY1q+F2MnZRoFlzDKthMDMePXbAAtS0OmwHTSyREjumeVHu1H2laIdKJ+30iZMmaoAjupGF6Z395Y/MtrJdivdlIRxglCyKcP9RNJMaLjRGhPaOAoh5YwroX9K+VXTDOONresDeHrUvo/aRZdv+yWzkqF2vEsjgzJk12yT3xSITVySuqkQTi5Iw/kiTw7986j8+K8TkfnnNnODvkB5+0Trn2Yzw==</latexit>

(��)res

@ small diphoton mass the background photons tend to be soft 

and collinear with the electron/positron

@ high diphoton mass the background photons tend to be

widely separated and still collinear with the electron/positron 



What more can be squeezed? 

Acanfora, Franceschini, Mastroddi, D.R. to appear

PRELIMINARY

Photon-fusion is a unique probe of the visible ALP!



What more can be squeezed? 

Acanfora, Franceschini, Mastroddi, D.R. to appear

PRELIMINARY

Reach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009

<latexit sha1_base64="RqhAJVTc3a+gPu3TLWX7oEcwk2g=">AAACC3icdVDLSgMxFM34tr6qLt2EFkERSkar1l3RjcsKtgptKZn0tgaTmSG5I5ahezf+ihsXirj1B9z5N6YPQUUPJPdwzr0k9wSxkhYZ+/AmJqemZ2bn5jMLi0vLK9nVtZqNEiOgKiIVmcuAW1AyhCpKVHAZG+A6UHARXJ8M/IsbMFZG4Tn2Ymhq3g1lRwqOTmplc40u15rvbI3q6N5upQ2EW0wN2H6/lc2zwlFpn/kHlBX22W6xNCD+ATvcK1G/wIbIkzEqrex7ox2JREOIQnFr6z6LsZlyg1Io6GcaiYWYi2vehbqjIddgm+lwlz7ddEqbdiLjToh0qH6fSLm2tqcD16k5Xtnf3kD8y6sn2Ck1UxnGCUIoRg91EkUxooNgaFsaEKh6jnBhpPsrFVfccIEuvowL4WtT+j+p7bpYCsWzYr58PI5jjmyQHNkiPjkkZXJKKqRKBLkjD+SJPHv33qP34r2OWie88cw6+QHv7RPpBZuq</latexit>

� + (��)res

Photon-fusion is a unique probe of the visible ALP!



What more can be squeezed? 

Acanfora, Franceschini, Mastroddi, D.R. to appear

The search is essentially background-free @ small masses
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O(10) Improvement in the reach compared to previous studies PRELIMINARY
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Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009
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Photon-fusion is a unique probe of the visible ALP!
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O(10) Improvement in the reach compared to previous studies PRELIMINARY

The gain is still sizeable at high masses

Reach of 
Dolan, Ferber, Heary, Kahlhofer, Schmidt-Hoberg 1709.00009
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Photon-fusion is a unique probe of the visible ALP!



Dark Matter & Flavor Factories 

LFV ALP  
@ MEG II

PHOTON FUSION  
@ Belle II
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Thanks…


