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Strong CP problem & its solutions

The PQ axion is the Nambu-Golstone boson of a spontaneously broken U(1) symmetry

and stabilizes   
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✓̄ = 0

The Nelson-Barr solution sets 
<latexit sha1_base64="ObRz8oq4WamQ4BA++qJXGZB5gtI=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1ItQ9OKxgv2AJpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYWV1b3yhulra2d3b3yvsHLR2nirImjUWsOgHRTHDJmshRsE6iGIkCwdrB6Gbqtx+Z0jyW9zhOmB+RgeQhpwSN9OAFRGUeDhmSyZXTK1ecqjODvUzcnFQgR6NX/vL6MU0jJpEKonXXdRL0M6KQU8EmJS/VLCF0RAasa6gkEdN+Nrt6Yp8YpW+HsTIl0Z6pvycyEmk9jgLTGREc6kVvKv7ndVMML/2MyyRFJul8UZgKG2N7GoHd54pRFGNDCFXc3GrTIVGEogmqZEJwF19eJq2zqnterd3VKvXrPI4iHMExnIILF1CHW2hAEygoeIZXeLOerBfr3fqYtxasfOYQ/sD6/AFqgpJ3</latexit>

✓̄ = 0 in the UV and then spontaneously breaks CP in the IR 
generating the CKM phase but not a large 
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Strong CP and flavor problem might be related? 

The PQ axion might have something to do with flavor if the PQ symmetry is embedded 

non-trivially in the (approximate) symmetry of the SM

In the Nelson-Barr scheme the challenge is generating the CKM (including the phase)

then a full theory of flavor is needed
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Flavor test of Nelson-Barr

In the Nelson-Barr scheme flavor observable test the indirect effects of 

the vector-like matter required to implement the mechanism 

Toy example: Bento-Branco-Parada model
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M̄ > 200 GeV

mixing
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Ishiwata, Ligeti, Wise 2015

“Spontaneous flavor violation” Egana,Homiller, Meade 2019

Direct constraints from LHC are stronger!



Axions and flavor
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diagonal coupling to fermions control astro bounds
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Flavor violation at dimension 5
Feng-Murayama-Moroi-Shnapka  1998
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U(3)L PQ charges can be flavor dependent

Example: Axion + Froggatt-Nielsen 
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Qi, ui, di, Ei, Li
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U(3)Q

both axial and vector current are physical!

Calibbi-Goertz-Redigolo-Ziegler-Zupan 2016

Ema-Hamaguchi-Moroi-Nakayama 2016



Two basic flavor schemes at the UV cut-off 
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⇤UV ⇠ 4⇡fa

flavor anarchy:
<latexit sha1_base64="1m9H99cIPIHROtbA0JETjqx2P/c="></latexit>

CA,V
ij (⇤UV) ⇠ O(1)

MFV:
<latexit sha1_base64="FtHpG+UGRef6t52e+Jex0B6uYE4="></latexit>

CA,V
ij (⇤UV) = 0
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{ FV generated by SM charged currents

in the quark sector

FV depends on the sterile neutrinos

in the lepton sector

<latexit sha1_base64="FSq80200hwjrzQIzn30Hk8/u6Lk="></latexit>
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y2t

16⇡2
VtdVtsCtt ⇥ logEx:

<latexit sha1_base64="RIkbdYFYOCLGdf1Cp4CPeBvvIfc=">AAACJXicbVDLSgMxFM34rPVVdekmWAQXWmZUqstiNy4rWBU6tWTSO20wmRmSO2IZ5gP8Epdu9SPcieDKD/AnTB8LXwcCh3Pu5eSeIJHCoOu+O1PTM7Nz84WF4uLS8spqaW39wsSp5tDksYz1VcAMSBFBEwVKuEo0MBVIuAxu6kP/8ha0EXF0joME2or1IhEKztBKnVLZN0JRz73O9qp5vZMh5j4KBYb6CHeYybiX2ym34o5A/xJvQspkgkan9Ol3Y54qiJBLZkzLcxNsZ0yj4BLyop8aSBi/YT1oWRoxm9fORsfkdNsqXRrG2r4I6Uj9vpExZcxABXZSMeyb395Q/M9rpRgetzMRJSlCxMdBYSopxnTYDO0KDRzlwBLGtbB/pbzPNONo+/uREgRq19jD+tDNi7Yd73cXf8nFfsWrVg7ODsu1k0lPBbJJtsgO8cgRqZFT0iBNwsk9eSRP5Nl5cF6cV+dtPDrlTHY2yA84H1+N+KW5</latexit>

⇠ 10�6Ctt ⇥ log
<latexit sha1_base64="pOnGhRcacxcO0Gs/bze8hZ3w7wA=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmAckS5id7U3GzMwuM7NCWHL36FU/wpt49Tf8Bn/CSbIHk1jQUFR3010VJJxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4HfebT6A0i+WDGSbgC9KTLGKUGCs1dMfEOOyWym7FnQAvEi8nZZSj1i39dMKYpgKkoZxo3fbcxPgZUYZRDqNiJ9WQEDogPWhbKokA7WeTb0f42CohjmJlSxo8Uf9uZERoPRSBnRTE9PV8byz+12unJrr2MyaT1ICk00NRyrG1OLaOQ6aAGj60hFDF7K+Y9oki1NiAZq4EgTjV1lgfwlHRpuPNZ7FIGmcV77Jyfn9Rrt7kORXQITpCJ8hDV6iK7lAN1RFFj+gFvaI359l5dz6cz+nokpPvHKAZOF+/ElCZQg==</latexit>

s ! d

<latexit sha1_base64="FkQO3pB+rOtbuG/2t0MTQiICF3o=">AAACCHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoMevEYwTwgu4TZ2d5kyMzsMjMrhJAf8OhVP8KbePUv/AZ/wkmyB5NY0FBUd9NdFaacaeO6305hZXVtfaO4Wdra3tndK+8fNHWSKQoNmvBEtUOigTMJDcMMh3aqgIiQQysc3E36rSdQmiXy0QxTCATpSRYzSoyV2r7IfJNg6JYrbtWdAi8TLycVlKPeLf/4UUIzAdJQTrTueG5qghFRhlEO45KfaUgJHZAedCyVRIAORtN/x/jEKhGOE2VLGjxV/26MiNB6KEI7KYjp68XeRPyv18lMfBOMmEwzA5LODsUZx9bixDyOmAJq+NASQhWzv2LaJ4pQYyOauxKG4kxbY32IxiWbjreYxTJpnle9q+rFw2WldpvnVERH6BidIg9doxq6R3XUQBRx9IJe0Zvz7Lw7H87nbLTg5DuHaA7O1y+qp5oi</latexit>

µ ! e
<latexit sha1_base64="CBlawvOR2YL67+8m0Z4IPnfv2g0="></latexit>

Cµe =
yNeyNµ

16⇡2

<latexit sha1_base64="48BIxf9vwXz6hN+sFjLhRuP5dcQ=">AAACHHicbVDLSgMxFM3UV62vqjvdBIvgQstMFXVZdONKKtgHdGrJpLdtaDIzJBmhDAN+iUu3+hHuxK3gN/gTpu0sbOuBhMM593LvPV7ImdK2/W1lFhaXlleyq7m19Y3Nrfz2Tk0FkaRQpQEPZMMjCjjzoaqZ5tAIJRDhcah7g+uRX38EqVjg3+thCC1Bej7rMkq0kdr5PVcxgR37IT4pJcN2fAvj3xVR0s4X7KI9Bp4nTkoKKEWlnf9xOwGNBPiacqJU07FD3YqJ1IxySHJupCAkdEB60DTUJwJUKx7fkOBDo3RwN5Dm+RqP1b8dMRFKDYVnKgXRfTXrjcT/vGaku5etmPlhpMGnk0HdiGMd4FEguMMkUM2HhhAqmdkV0z6RhGoT29QUzxPHyhzWh06SM+k4s1nMk1qp6JwXT+/OCuWrNKcs2kcH6Ag56AKV0Q2qoCqi6Am9oFf0Zj1b79aH9TkpzVhpzy6agvX1CwEiob8=</latexit>

⇠ 10�2yNeyNµ

…

See Neubert et al. papers for full formulas

See C. Garcia-Cely and J. Heeck (2017), J Heeck and H. Patel  (2017)

Theory disclaimer I



<latexit sha1_base64="b8UqmPUH/XozkWNaLSK7ePIlxZo=">AAACEXicbVDLSsNAFL2pr1ofjbp0M1gEF1ITFXVZdOOygn1AG8JkOmmHziRhZiKU0K9w6VY/wp249Qv8Bn/CaZuFbT1w4XDOvdx7T5BwprTjfFuFldW19Y3iZmlre2e3bO/tN1WcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDO8mfuuJSsXi6FGPEuoJ3I9YyAjWRvLtct8Pu4oJJPzwLPSxb1ecqjMFWiZuTiqQo+7bP91eTFJBI004VqrjOon2Miw1I5yOS91U0QSTIe7TjqERFlR52fTwMTo2Sg+FsTQVaTRV/05kWCg1EoHpFFgP1KI3Ef/zOqkOb7yMRUmqaURmi8KUIx2jSQqoxyQlmo8MwUQycysiAywx0SaruS1BIE6VeWxAe+OSScddzGKZNM+r7lX14uGyUrvNcyrCIRzBCbhwDTW4hzo0gEAKL/AKb9az9W59WJ+z1oKVzxzAHKyvXz3OnQ8=</latexit>

gf ⇠ mf/fa<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⌧

long lived
BBN

prompt

SN

star  
cooling

If there is MFV in the UV
rare SM decays probe the “beam dump” 

region above BBN bounds 

If there is ANARCHY in the UV  
rare meson and lepton decays exceed the cooling bounds  

Theory landscape I



<latexit sha1_base64="b8UqmPUH/XozkWNaLSK7ePIlxZo=">AAACEXicbVDLSsNAFL2pr1ofjbp0M1gEF1ITFXVZdOOygn1AG8JkOmmHziRhZiKU0K9w6VY/wp249Qv8Bn/CaZuFbT1w4XDOvdx7T5BwprTjfFuFldW19Y3iZmlre2e3bO/tN1WcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDO8mfuuJSsXi6FGPEuoJ3I9YyAjWRvLtct8Pu4oJJPzwLPSxb1ecqjMFWiZuTiqQo+7bP91eTFJBI004VqrjOon2Miw1I5yOS91U0QSTIe7TjqERFlR52fTwMTo2Sg+FsTQVaTRV/05kWCg1EoHpFFgP1KI3Ef/zOqkOb7yMRUmqaURmi8KUIx2jSQqoxyQlmo8MwUQycysiAywx0SaruS1BIE6VeWxAe+OSScddzGKZNM+r7lX14uGyUrvNcyrCIRzBCbhwDTW4hzo0gEAKL/AKb9az9W59WJ+z1oKVzxzAHKyvXz3OnQ8=</latexit>

gf ⇠ mf/fa<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⌧

long lived
BBN

prompt

SN

star  
cooling

Flavorful QCD axions (or ALPs) 

Theory landscape II

dark sectors @ MeV-GeV scale 
(light DM freeze-out, g-2, neutrinos…

Possibly heavy axions



<latexit sha1_base64="b8UqmPUH/XozkWNaLSK7ePIlxZo=">AAACEXicbVDLSsNAFL2pr1ofjbp0M1gEF1ITFXVZdOOygn1AG8JkOmmHziRhZiKU0K9w6VY/wp249Qv8Bn/CaZuFbT1w4XDOvdx7T5BwprTjfFuFldW19Y3iZmlre2e3bO/tN1WcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDO8mfuuJSsXi6FGPEuoJ3I9YyAjWRvLtct8Pu4oJJPzwLPSxb1ecqjMFWiZuTiqQo+7bP91eTFJBI004VqrjOon2Miw1I5yOS91U0QSTIe7TjqERFlR52fTwMTo2Sg+FsTQVaTRV/05kWCg1EoHpFFgP1KI3Ef/zOqkOb7yMRUmqaURmi8KUIx2jSQqoxyQlmo8MwUQycysiAywx0SaruS1BIE6VeWxAe+OSScddzGKZNM+r7lX14uGyUrvNcyrCIRzBCbhwDTW4hzo0gEAKL/AKb9az9W59WJ+z1oKVzxzAHKyvXz3OnQ8=</latexit>

gf ⇠ mf/fa<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⌧

long lived
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Theory landscape III

There is a finite prompt window that  
should be tested!

particles are long-lived, they can be the DM  



<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⌧

long lived

prompt

Theory landscape IV

<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

BBN

SN

star  
cooling

<latexit sha1_base64="b8UqmPUH/XozkWNaLSK7ePIlxZo=">AAACEXicbVDLSsNAFL2pr1ofjbp0M1gEF1ITFXVZdOOygn1AG8JkOmmHziRhZiKU0K9w6VY/wp249Qv8Bn/CaZuFbT1w4XDOvdx7T5BwprTjfFuFldW19Y3iZmlre2e3bO/tN1WcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDO8mfuuJSsXi6FGPEuoJ3I9YyAjWRvLtct8Pu4oJJPzwLPSxb1ecqjMFWiZuTiqQo+7bP91eTFJBI004VqrjOon2Miw1I5yOS91U0QSTIe7TjqERFlR52fTwMTo2Sg+FsTQVaTRV/05kWCg1EoHpFFgP1KI3Ef/zOqkOb7yMRUmqaURmi8KUIx2jSQqoxyQlmo8MwUQycysiAywx0SaruS1BIE6VeWxAe+OSScddzGKZNM+r7lX14uGyUrvNcyrCIRzBCbhwDTW4hzo0gEAKL/AKb9az9W59WJ+z1oKVzxzAHKyvXz3OnQ8=</latexit>

gf ⇠ mf/fa

WE FOCUS ON THIS REGION for this talk!

The axion is probably one of our best hopes for new physics 
<latexit sha1_base64="eGW2I/lCCQmbGctHXNgepIBzdQQ=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICWRoi6Lbly2YNpKG8pkMmmHzkzCzEQoIV/g0q1+hDtx61f4Df6E0zYL23rgwuGce7n3Hj9mVGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRGLi4ohFsusjRRgVxNVUM9KNJUHcZ6Tjj++mfueJSEUj8aAnMfE4GgoaUoy0kR7dqnM+SJutbFCu2DV7BrhKnJxUQI7moPzTDyKccCI0ZkipnmPH2kuR1BQzkpX6iSIxwmM0JD1DBeJEeens4AyeGSWAYSRNCQ1n6t+JFHGlJtw3nRzpkVr2puJ/Xi/R4Y2XUhEnmgg8XxQmDOoITr+HAZUEazYxBGFJza0Qj5BEWJuMFrb4Pr9Q5rERCbKSScdZzmKVtC9rzlWt3qpXGrd5TkVwAk5BFTjgGjTAPWgCF2DAwQt4BW/Ws/VufVif89aClc8cgwVYX798KZn6</latexit>

U(1)PQ has no reasons to be embedded trivially in the SM flavor group



Kaon experiments

NA62

KOTO

<latexit sha1_base64="R187dyVhIoW0OfcPB/dwSmpabW4=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIglBmpKjLohvBTQX7gM5YMmmmDc1khiQjlKFu/BU3LhRx61+4829M21lo64GQwzn3kpwTJJwp7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsZ+84FKxWJxp4cJ9SPcEyxkBGsjdez9m/sTT8fIS5ghIvUCLDNzjzp2ySk7E6B54uakBDlqHfvL68YkjajQhGOl2q6TaD/DUjPC6ajopYommAxwj7YNFTiiys8mCUboyChdFMbSHKHRRP29keFIqWEUmMkI676a9cbif1471eGFnzGRpJoKMn0oTDkykcd1oC6TlGg+NAQTycxfEeljiYk2pRVNCe5s5HnSOC27Z+XKbaVUvczrKMABHMIxuHAOVbiGGtSBwCM8wyu8WU/Wi/VufUxHF6x8Zw/+wPr8AfcOlpw=</latexit>

K+ ! ⇡+⌫⌫̄

<latexit sha1_base64="/R8ZF02Z7E2c1JFePkzB+Q4h9XU=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFVmpKjLohtBFxXsAzrDkEnTNjSTGZKMUIa68VfcuFDErX/hzr8xbWehrQdCDufcS3JOmHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVhDZIzGPZDrGinAna0Exz2k4kxVHIaSscXk381gOVisXiXo8S6ke4L1iPEayNFNgHN8Gtp2PkJSxwPJF6IZaZuceBXXYqzhRokbg5KUOOemB/ed2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZNMEYHRuli3qxNEdoNFV/b2Q4UmoUhWYywnqg5r2J+J/XSXXvws+YSFJNBZk91Es5MpEndaAuk5RoPjIEE8nMXxEZYImJNqWVTAnufORF0jytuGeV6l21XLvM6yjCIRzBCbhwDjW4hjo0gMAjPMMrvFlP1ov1bn3MRgtWvrMPf2B9/gA20ZbE</latexit>

KL ! ⇡0⌫⌫̄

Target

Target



Axion @ kaon experiments 
Hunting for rare kaon decays involving a light neutral particle 

<latexit sha1_base64="wZ9U1BNaAQX7KfQLLZ3Rd3tZejo=">AAACC3icbVDLSsNAFJ34rPVVdelmsAgupCRS1GXRjeCmgn1AEspkMmmHziPMTIQS+gku3epHuBO3foTf4E84bbOwrQcuHM69l3vPiVJGtXHdb2dldW19Y7O0Vd7e2d3brxwctrXMFCYtLJlU3QhpwqggLUMNI91UEcQjRjrR8HbS7zwRpakUj2aUkpCjvqAJxchYyb8PjIRBSiGCvUrVrblTwGXiFaQKCjR7lZ8gljjjRBjMkNa+56YmzJEyFDMyLgeZJinCQ9QnvqUCcaLDfPryGJ5aJYaJVLaEgVP170aOuNYjHtlJjsxAL/Ym4n89PzPJdZhTkWaGCDw7lGQMWp8T/zCmimDDRpYgrKj9FeIBUggbm9LclSji59oaG5B4XLbpeItZLJP2Rc27rNUf6tXGTZFTCRyDE3AGPHAFGuAONEELYCDBC3gFb86z8+58OJ+z0RWn2DkCc3C+fgHtS5q/</latexit>

K ! ⇡a
<latexit sha1_base64="7mQad5YWjvwRO5hnSfcVeMOSWnM=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCCymJFHVZdCO4qWAf0IQymUzaoTOTMDMRSuhXuHSrH+FO3PoFfoM/4TTNwrYeuHA4517uvSdIGFXacb6t0tr6xuZWebuys7u3X7UPDjsqTiUmbRyzWPYCpAijgrQ11Yz0EkkQDxjpBuPbmd99IlLRWDzqSUJ8joaCRhQjbaSBXb33dAy9hOaF4MCuOXUnB1wlbkFqoEBrYP94YYxTToTGDCnVd51E+xmSmmJGphUvVSRBeIyGpG+oQJwoP8sPn8JTo4QwiqUpoWGu/p3IEFdqwgPTyZEeqWVvJv7n9VMdXfsZFUmqicDzRVHKoPl1lgIMqSRYs4khCEtqboV4hCTC2mS1sCUI+Lkyj41IOK2YdNzlLFZJ56LuXtYbD41a86bIqQyOwQk4Ay64Ak1wB1qgDTBIwQt4BW/Ws/VufVif89aSVcwcgQVYX78zt5xt</latexit>

K ! ⇡⇡a

<latexit sha1_base64="kIzGVBDLQdFmyA+SOb+Mhy9XKH4=">AAACAnicbVDLSgNBEOz1GeMr6tHLYBA8SNiVoB6DXjxGMQ9IljA7O5sMmZldZmaFsOTm0at+hDfx6o/4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHWBNOZO0YZjhtJ0oikXAaSsY3k781hNVmsXy0YwS6gvclyxiBBsrPXTHvVLZrbhToGXi5aQMOeq90k83jEkqqDSEY607npsYP8PKMMLpuNhNNU0wGeI+7VgqsaDaz6aXjtGpVUIUxcqWNGiq/p3IsNB6JALbKbAZ6EVvIv7ndVITXfsZk0lqqCSzRVHKkYnR5G0UMkWJ4SNLMFHM3orIACtMjA1nbksQiHNtHxvQcFy06XiLWSyT5kXFu6xU76vl2k2eUwGO4QTOwIMrqMEd1KEBBCJ4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BUW3l74=</latexit>

} Relatively easy. We can use NA62 data. New analysis are required!
NA62 knows already :)

review with E Goudzovski, K. Tobioka and J. Zupan

credit to R. Ziegler
Region 1 & 2 of 

<latexit sha1_base64="d0BE7oedDrlZwsqB1rok+B5Qbt4=">AAACF3icbVDLSgMxFM3UV62vUXHlJlgEF1JmVNRl0Y3gpoJ9QGcoSSbThmYyQ5IRyjAf4tKtfoQ7cevSb/AnTNtZ2NYDIYdz7uXee3DCmdKO822VlpZXVtfK65WNza3tHXt3r6XiVBLaJDGPZQcjRTkTtKmZ5rSTSIoizGkbD2/HfvuJSsVi8ahHCfUj1BcsZARpI/Xsg3tPx9BLGPRE6mEkM/PnPbvq1JwJ4CJxC1IFBRo9+8cLYpJGVGjCkVJd10m0nyGpGeE0r3ipogkiQ9SnXUMFiqjys8n6OTw2SgDDWJonNJyofzsyFCk1irCpjJAeqHlvLP7ndVMdXvsZE0mqqSDTQWHKobl4nAUMmKRE85EhiEhmdoVkgCQi2iQ2MwXj6FSZwwY0yCsmHXc+i0XSOqu5l7Xzh4tq/abIqQwOwRE4AS64AnVwBxqgCQjIwAt4BW/Ws/VufVif09KSVfTsgxlYX79giJ/Z</latexit>

K ! ⇡⌫⌫̄

pion window closed

arXiv:2103.15389 [hep-ex].

arXiv:2010.07644 [hep-ex]

Large gap at high mass

bkd from  

<latexit sha1_base64="XY3YeJiWZpj2/yGPLowZWZnklcY=">AAACCXicbVDLSsNAFL3xWeur6tJNsAgupCRW1GXRjeCmgn1IE8pkMmmHzkzCzEQooV/g0q1+hDtx61f4Df6E0zYL23rgwuHce7n3nCBhVGnH+baWlldW19YLG8XNre2d3dLeflPFqcSkgWMWy3aAFGFUkIammpF2IgniASOtYHAz7reeiFQ0Fg96mBCfo56gEcVIG+nxztOxXfUS2i2VnYozgb1I3JyUIUe9W/rxwhinnAiNGVKq4zqJ9jMkNcWMjIpeqkiC8AD1SMdQgThRfjZ5eGQfGyW0o1iaEtqeqH83MsSVGvLATHKk+2q+Nxb/63VSHV35GRVJqonA00NRymzjcuzeDqkkWLOhIQhLan61cR9JhLXJaOZKEPBTZYz1STgqmnTc+SwWSfOs4l5Uqvfn5dp1nlMBDuEITsCFS6jBLdShARg4vMArvFnP1rv1YX1OR5esfOcAZmB9/QLqXZo8</latexit>

K ! 3⇡ to be done!



Axion @ kaon experiments 

Is generically less powerful than 
<latexit sha1_base64="9ZCMk9IA7wPH4IvfptPEW8zXRZk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4IeIpoHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResRxzP2QDpToC0bRSg+33btuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns1Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/6adCxQlyxeaL+okkGJHp36QnNGcox5ZQpoW9lbAh1ZShTadgQ/AWX14mjbOyd16u3FdK1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzZHOi/PufMxbc042cwh/4Hz+APLtjZc=</latexit>

KL
<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

Unless in setups where the Grossman-Nir bound is violated

For a review see 2.7 of 2201.07805  



<latexit sha1_base64="8yfabWfKUJe02/FlQTE84jmcGq0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0UQCiWRoh6LXjxWsB/QpGWy3bZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb2ttfWNza7uwU9zd2z84tI+OWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaDye3Mbz9SqVgUPug0pr6AUciGjIA2Ut8ueSLpVTwdYdqrYG8EQkDfLjtVZw68StyclFGORt/+8gYRSQQNNeGgVNd1Yu1nIDUjnE6LXqJoDGQCI9o1NARBlZ/Nj5/iM6MM8DCSpkKN5+rviQyEUqkITKcAPVbL3kz8z+smenjtZyyME01Dslg0TDg2v86SwAMmKdE8NQSIZOZWTMYggWiTV9GE4C6/vEpaF1X3slq7r5XrN3kcBXSCTtE5ctEVqqM71EBNRFCKntErerOerBfr3fpYtK5Z+UwJ/YH1+QN3f5QF</latexit>

µ+ ! e+�

<latexit sha1_base64="uUHSZaUPzdzm4NfPWiSu/9GbK7U=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQimVGirosunFZwT6gMy2ZNNOGJpkhyQh1KP6KGxeKuPU/3Pk3ZtpZaOuBSw7n3EvuPUHMqNKO820tLa+srq0XNoqbW9s7u/beflNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHST+a0HIhWNxL0ex8TnaCBoSDHSRurZhx5PumVPR5B0y6bOsrdnl5yKMwVcJG5OSiBHvWd/ef0IJ5wIjRlSquM6sfZTJDXFjEyKXqJIjPAIDUjHUIE4UX463X4CT4zSh2EkTQkNp+rviRRxpcY8MJ0c6aGa9zLxP6+T6PDKT6mIE00Enn0UJgyaY7MoYJ9KgjUbG4KwpGZXiIdIIqxNYEUTgjt/8iJpnlfci0r1rlqqXedxFMAROAanwAWXoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8ADnSTrg==</latexit>

µ+ ! e+e�e+

The challenge is to increase the luminosity while suppressing coincidences 

tightening the kinematic + timing requirements    

MEG II Mu3e

Standard signal characterised by no missing energy 


Muon experiments



Axion @ muon experiments 

More challenging. New data taking strategies have to be conceived. 

Hunting for rare muon decays involving a light neutral particle 

<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⌫⌫̄

Muon polarization can help discriminating the signal

For left-handed couplings the limitation are large systematics

See. TWIST 1409.0638 

bkd  suppressed in the 

fwd 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

See. S. Knapen and Y. Jho 2203.11222 

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

https://arxiv.org/abs/2203.11222


What MEG can teach us?
<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 level Photon >45 MeV @ trigger level back to back topology @ trigger level

Taken from MEG-RMD measurement 1312.3217



MEG-RMD search 1312.3217

Signal with a rate with mu polarisation

We account for detector smearing

See. MEG 1510.04743 

See. MEG 2005.00339

Recasting MEG-RMD results 
<latexit sha1_base64="FEb1QTSkNdpVgRvy9N0Kri4UI2s=">AAACGXicbVDLSsNAFJ34rPUVdeHCzWARXEhIpGg3QtGNK6lgH9DEMJlM2qEzSZiZCCXkS1y61Y9wJ25d+Q3+hNPHwrYeGDiccy9n7glSRqWy7W9jaXlldW29tFHe3Nre2TX39lsyyQQmTZywRHQCJAmjMWkqqhjppIIgHjDSDgY3I7/9RISkSfyghinxOOrFNKIYKS355uGd7/LsyrFqrqKcSOjYj7lTLXyzYlv2GHCROFNSAVM0fPPHDROccRIrzJCUXcdOlZcjoShmpCi7mSQpwgPUI11NY6TDvHx8QAFPtBLCKBH6xQqO1b8bOeJSDnmgJzlSfTnvjcT/vG6mopqX0zjNFInxJCjKGFQJHLUBQyoIVmyoCcKC6r9C3EcCYaU7m0kJAn4m9WF9EhZl3Y4z38UiaZ1bzoVVva9W6tfTnkrgCByDU+CAS1AHt6ABmgCDAryAV/BmPBvvxofxORldMqY7B2AGxtcvz+qfYQ==</latexit>

Nµ = 1.8⇥ 1014 collected in 2009-2010

<latexit sha1_base64="QyJe/FpZKrGWNHkgq6V23vA7t6w=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3bisYFXoDOVO5rYNTTJDkhHK0IVf4tKtfoQ7cSt+gz9hWrvwdSHkcM693HtOnAlurO+/e6W5+YXFpfJyZWV1bX2jurl1ZdJcM2yzVKT6JgaDgitsW24F3mQaQcYCr+Ph2US/vkVteKou7SjDSEJf8R5nYB3Vre6EMg9tSpGGKg9j0IX7x2EfpIRutebX/WnRvyCYgRqZVatb/QiTlOUSlWUCjOkEfmajArTlTOC4EuYGM2BD6GPHQQUSTVRMTYzpnmMS2ku1e8rSKft9ogBpzEjGrlOCHZjf2oT8T+vktncSFVxluUXFvhb1ckGd60kiNOEamRUjB4Bp7m6lbAAamHW5/dgSx/LAOGMDTMYVl07wO4u/4OqwHhzVGxeNWvN0llOZ7JBdsk8Cckya5Jy0SJswckceyCN58u69Z+/Fe/1qLXmzmW3yo7y3T4aMopg=</latexit>

µ ! e⌫⌫̄�The goal was to observe the RMD 

over the bkd of random coincidences (RC): pileup of 
<latexit sha1_base64="QyJe/FpZKrGWNHkgq6V23vA7t6w=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3bisYFXoDOVO5rYNTTJDkhHK0IVf4tKtfoQ7cSt+gz9hWrvwdSHkcM693HtOnAlurO+/e6W5+YXFpfJyZWV1bX2jurl1ZdJcM2yzVKT6JgaDgitsW24F3mQaQcYCr+Ph2US/vkVteKou7SjDSEJf8R5nYB3Vre6EMg9tSpGGKg9j0IX7x2EfpIRutebX/WnRvyCYgRqZVatb/QiTlOUSlWUCjOkEfmajArTlTOC4EuYGM2BD6GPHQQUSTVRMTYzpnmMS2ku1e8rSKft9ogBpzEjGrlOCHZjf2oT8T+vktncSFVxluUXFvhb1ckGd60kiNOEamRUjB4Bp7m6lbAAamHW5/dgSx/LAOGMDTMYVl07wO4u/4OqwHhzVGxeNWvN0llOZ7JBdsk8Cckya5Jy0SJswckceyCN58u69Z+/Fe/1qLXmzmW3yo7y3T4aMopg=</latexit>

µ ! e⌫⌫̄�
<latexit sha1_base64="97dgDTMBNMjoxOi/vK7i0AIiGfg=">AAACF3icbVDLSgMxFM34rPU1Kq7cBIvgQsqMFHVZdOOygn1AZyiZ9LYNTTJDkhHK0A9x6VY/wp24dek3+BOm7Sxs64GQwzn3cu89UcKZNp737aysrq1vbBa2its7u3v77sFhQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPh3cRvPoHSLJaPZpRAKEhfsh6jxFip4x4HIg1MjAEHMg0iojL7jztuySt7U+Bl4uekhHLUOu5P0I1pKkAayonWbd9LTJgRZRjlMC4GqYaE0CHpQ9tSSQToMJuuP8ZnVuniXqzskwZP1b8dGRFaj0RkKwUxA73oTcT/vHZqejdhxmSSGpB0NqiXcmzvnWSBu0wBNXxkCaGK2V0xHRBFqLGJzU2JInGh7WED6I6LNh1/MYtl0rgs+1flykOlVL3NcyqgE3SKzpGPrlEV3aMaqiOKMvSCXtGb8+y8Ox/O56x0xcl7jtAcnK9fnICf/Q==</latexit>

µ ! e⌫⌫̄
<latexit sha1_base64="yuU+T5xTmgfo4TNlCEgrsxrOSrQ=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoMgKGFXgnoMevGYgHlAsoTZ2U4yZGZ2mZkVwpKTR6/6Ed7Eq1/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEUWjQiEeqHRANnEloGGY4tGMFRAQcWsHofuq3nkBpFslHM47BF2QgWZ9RYqxUv+gVS27ZnQGvEi8jJZSh1iv+dMOIJgKkoZxo3fHc2PgpUYZRDpNCN9EQEzoiA+hYKokA7aezQyf4zCoh7kfKljR4pv6dSInQeiwC2ymIGeplbyr+53US07/1UybjxICk80X9hGMT4enXOGQKqOFjSwhVzN6K6ZAoQo3NZmFLEIhLbR8bQjgp2HS85SxWSfOq7F2XK/VKqXqX5ZRHJ+gUnSMP3aAqekA11EAUAXpBr+jNeXbenQ/nc96ac7KZY7QA5+sXB5mXBg==</latexit>

+

missing mass distribution of the bkd 
obtained with an home brew MC 
normalized to the offline number of RMD 
and RC events observed. 



Recasting MEG-RMD results 

The topology is already close to back to back at trigger level 

<latexit sha1_base64="jXCSrcQGQr8UVoAdPxScVNuw+AE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0xeBogwH5YpbdRcg68TLSQVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni3Nn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibz38mQK2RGTC2hTHF7K2FjagMwNqGSDcFbfXmdtK+qXr1ae6hVGrd5HEU4g3O4BA+uoQH30IQWMJjAM7zCm5M4L86787FsLTj5zCn8gfP5A0vjj44=</latexit> {

<latexit sha1_base64="/P4hh+HUnWYWXPV3cYvzGWIZTeA=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCF8OMBvUY9OIxglkgGUNPpydp0rPQXSPEIV/ixYMiXv0Ub/6NneWgiQ8KHu9VUVXPT6TQ6DjfVm5ldW19I79Z2Nre2S3ae/sNHaeK8TqLZaxaPtVciojXUaDkrURxGvqSN/3hzcRvPnKlRRzd4yjhXkj7kQgEo2ikrl0876AIuSau85CdVsZdu+SUnSnIMnHnpARz1Lr2V6cXszTkETJJtW67ToJeRhUKJvm40Ek1Tygb0j5vGxpRs8zLpoePybFReiSIlakIyVT9PZHRUOtR6JvOkOJAL3oT8T+vnWJw5WUiSlLkEZstClJJMCaTFEhPKM5QjgyhTAlzK2EDqihDk1XBhOAuvrxMGmdl96JcuauUqtfzOPJwCEdwAi5cQhVuoQZ1YJDCM7zCm/VkvVjv1sesNWfNZw7gD6zPH0UhkjM=</latexit>

3⇥ 10�4

Very low signal efficiency for 
<latexit sha1_base64="4VzgxjXWTcEOScs7W1zxsS8jIUs=">AAACE3icbVDLSgNBEJyNrxhfGz16GQyCBwm7EtRj0IvHCOYB2RB6J51kyMzuMjOrhJDP8OhVP8KbePUD/AZ/wsnjYBILGoqqbrq7wkRwbTzv28msrW9sbmW3czu7e/sHbv6wpuNUMayyWMSqEYJGwSOsGm4ENhKFIEOB9XBwO/Hrj6g0j6MHM0ywJaEX8S5nYKzUdvOBTAMTU6RAgx5ICW234BW9Kegq8eekQOaotN2foBOzVGJkmACtm76XmNYIlOFM4DgXpBoTYAPoYdPSCCTq1mh6+pieWqVDu7GyFRk6Vf9OjEBqPZSh7ZRg+nrZm4j/ec3UdK9bIx4lqcGIzRZ1U0Htr5McaIcrZEYMLQGmuL2Vsj4oYMamtbAlDOW5to/1sTPO2XT85SxWSe2i6F8WS/elQvlmnlOWHJMTckZ8ckXK5I5USJUw8kReyCt5c56dd+fD+Zy1Zpz5zBFZgPP1C3BSna4=</latexit>

µ ! ea� limits the MEG reach
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@ 95% C.L.

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

MEG-RMD (•)<latexit sha1_base64="ygm0s/B+g0ByVcaiimT24IV2jrQ="></latexit>

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

SN1987Aµe

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

TWIST (µ ! ea)

<latexit sha1_base64="FEb1QTSkNdpVgRvy9N0Kri4UI2s=">AAACGXicbVDLSsNAFJ34rPUVdeHCzWARXEhIpGg3QtGNK6lgH9DEMJlM2qEzSZiZCCXkS1y61Y9wJ25d+Q3+hNPHwrYeGDiccy9n7glSRqWy7W9jaXlldW29tFHe3Nre2TX39lsyyQQmTZywRHQCJAmjMWkqqhjppIIgHjDSDgY3I7/9RISkSfyghinxOOrFNKIYKS355uGd7/LsyrFqrqKcSOjYj7lTLXyzYlv2GHCROFNSAVM0fPPHDROccRIrzJCUXcdOlZcjoShmpCi7mSQpwgPUI11NY6TDvHx8QAFPtBLCKBH6xQqO1b8bOeJSDnmgJzlSfTnvjcT/vG6mopqX0zjNFInxJCjKGFQJHLUBQyoIVmyoCcKC6r9C3EcCYaU7m0kJAn4m9WF9EhZl3Y4z38UiaZ1bzoVVva9W6tfTnkrgCByDU+CAS1AHt6ABmgCDAryAV/BmPBvvxofxORldMqY7B2AGxtcvz+qfYQ==</latexit>

Nµ = 1.8⇥ 1014 collected in 2009-2010



Keeping the same analysis as the MEG-RMD one but accounting for:

1) larger luminosity 


2) Improved energy and angular resolution    (See MEG II 1801.04688)  


3) Reduced RC background by 50% after installation of radiative decay counter 

<latexit sha1_base64="jDi2oSujCWWFMQ+uRagvVnG5NCU=">AAACBXicbVDLSsNAFJ34rPUVdamLwSIIQshI1W6EohtXUsE+oEnDZDpph04ezEyEErpx46+4caGIW//BnX/jtM1CWw9cOJxzL/fe4yecSWXb38bC4tLyymphrbi+sbm1be7sNmScCkLrJOaxaPlYUs4iWldMcdpKBMWhz2nTH1yP/eYDFZLF0b0aJtQNcS9iASNYackzD249J0wvkVVxFAuphMjuZOhspMXOiWeWbMueAM4TlJMSyFHzzC+nG5M0pJEiHEvZRnai3AwLxQino6KTSppgMsA92tY0wnqjm02+GMEjrXRhEAtdkYIT9fdEhkMph6GvO0Os+nLWG4v/ee1UBRU3Y1GSKhqR6aIg5VDFcBwJ7DJBieJDTTARTN8KSR8LTJQOrqhDQLMvz5PGqYXOrfJduVS9yuMogH1wCI4BAhegCm5ADdQBAY/gGbyCN+PJeDHejY9p64KRz+yBPzA+fwAXtpcN</latexit>

Nµ = 1.8⇥ 1015µ+

What about MEG II? 

@ 95% C.L.

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

MEG-RMD (•)

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

MEG II-RMD

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

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

SN1987Aµe

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

TWIST (µ ! ea)
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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) Eliminate matching of timing counter hit which assumes back to back topology 
2) Lower photon trigger threshold by reducing the beam intensity

Towards a new data taking strategy I

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
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<latexit sha1_base64="wogkvbKN2debXF/sLDdg+BwOgpE="></latexit>N
R
M
D
>
N

R
C
(trigger)

<latexit sha1_base64="0+yvNfbFOe2ygubiPfv168CwFPg="></latexit> N
R
M

D
>

N
R
C
(o
✏
in
e)

<latexit sha1_base64="E3E8GGeaDNhMXSuYBWskU1P7USA="></latexit>

RMEG
µ+

<latexit sha1_base64="b5r5Qki8+ebrjTD/HbH41ndu7CI="></latexit>

RMEG-II
µ+

<latexit sha1_base64="2v2QJR1N0Vu15Ogf0TgF8GRsN+w="></latexit>

tr
ig
g
e
r
ra
te
>
1
0
H
z
(l
o
w
e
r)

<latexit sha1_base64="lrzd/RFIkUCKT5WYN1m57UET6Uo="></latexit>

MEGII-ALP
<latexit sha1_base64="pjHZvw96w8k11nhk+p/9aDp/hF8="></latexit>

tr
ig
g
e
r
ra
te
=
1
H
z
(l
o
w
e
r)

<latexit sha1_base64="1ZmjVQS3scFEg7GBxfx0FThlGOE="></latexit>

tr
ig
g
e
r
ra
te

=
0
.1
H
z
(l
o
w
e
r)

Towards a new data taking strategy II
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<latexit sha1_base64="wogkvbKN2debXF/sLDdg+BwOgpE="></latexit>N
R
M
D
>
N

R
C
(trigger)

<latexit sha1_base64="0+yvNfbFOe2ygubiPfv168CwFPg="></latexit> N
R
M

D
>

N
R
C
(o
✏
in
e)

<latexit sha1_base64="E3E8GGeaDNhMXSuYBWskU1P7USA="></latexit>

RMEG
µ+

<latexit sha1_base64="b5r5Qki8+ebrjTD/HbH41ndu7CI="></latexit>

RMEG-II
µ+

<latexit sha1_base64="C9IzSBbtbwActM4DqrfLoYNNMMk="></latexit>

tr
ig
g
e
r
ra
te
>
1
0
H
z
(u
p
p
e
r)

<latexit sha1_base64="2v2QJR1N0Vu15Ogf0TgF8GRsN+w="></latexit>

tr
ig
g
e
r
ra
te
>
1
0
H
z
(l
o
w
e
r)

<latexit sha1_base64="lrzd/RFIkUCKT5WYN1m57UET6Uo="></latexit>

MEGII-ALP
<latexit sha1_base64="pjHZvw96w8k11nhk+p/9aDp/hF8="></latexit>

tr
ig
g
e
r
ra
te
=
1
H
z
(l
o
w
e
r)

<latexit sha1_base64="1ZmjVQS3scFEg7GBxfx0FThlGOE="></latexit>

tr
ig
g
e
r
ra
te

=
0
.1
H
z
(l
o
w
e
r)

Towards a new data taking strategy II
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<latexit sha1_base64="Hk5+1wtPxoVT3ZpJJb3d6F2SakU=">AAACEHicbVDJSgNBEO2Je9yiHr00BtGLw4y43qKCePAQwSRCJoaeTkUbexa6a8QwzCd48Ve8eFDEq0dv/o2d5aCJDwoe71VRVc+PpdDoON9Wbmx8YnJqeiY/Oze/sFhYWq7qKFEcKjySkbrymQYpQqigQAlXsQIW+BJq/t1J16/dg9IiCi+xE0MjYDehaAvO0EjNwsZpM/WChEJ2nVa3jjLq0ZKpw13qrVMP4QHTE/vczpqFomM7PdBR4g5IkQxQbha+vFbEkwBC5JJpXXedGBspUyi4hCzvJRpixu/YDdQNDVkAupH2HsroulFatB0pUyHSnvp7ImWB1p3AN50Bw1s97HXF/7x6gu2DRirCOEEIeX9RO5EUI9pNh7aEAo6yYwjjSphbKb9linE0GeZNCO7wy6Okum27e/bOxU6xdDyIY5qskjWySVyyT0rkjJRJhXDySJ7JK3mznqwX69366LfmrMHMCvkD6/MHhC2aXw==</latexit>

FV�A
µe @ 95%C.L.

<latexit sha1_base64="62pxcJsJ1JopyyxdrQWOBuitWFo=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXgnoMevEYwTwgWcLspDcZMju7zPSKYYkXf8WLB0W8+hfe/Bsnj4MmFjQUVd10dwWJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgEg+ux37gHbUSs7nCYgB+xnhKh4Ayt1Ckcem2EB8zoUFOdKiVUj6KIYNQpFN2SOwFdJN6MFMkM1U7hq92NeRqBQi6ZMS3PTdDPmEbBJYzy7dRAwviA9aBlqWIRGD+bfDCiJ1bp0jDWthTSifp7ImORMcMosJ0Rw76Z98bif14rxfDSz4RKUgTFp4vCVFKM6TgO2hUaOMqhJYxrYW+lvM8042hDy9sQvPmXF0n9rOSdl8q35WLlahZHjhyRY3JKPHJBKuSGVEmNcPJInskreXOenBfn3fmYti45s5kD8gfO5w90N5bp</latexit>

1 yr running time

<latexit sha1_base64="wogkvbKN2debXF/sLDdg+BwOgpE="></latexit>N
R
M
D
>
N

R
C
(trigger)

<latexit sha1_base64="0+yvNfbFOe2ygubiPfv168CwFPg="></latexit> N
R
M

D
>

N
R
C
(o
✏
in
e)

<latexit sha1_base64="e0uXEQQYM/RDLzDNFV5GEXuyG3o="></latexit>

1⇥
10
9 Ge

V

<latexit sha1_base64="6lVisPmUWVk9EZENtkadOv8buS4="></latexit>

3⇥ 109 GeV

<latexit sha1_base64="rTafQtB3BoL07hVOWMO5WnNampU="></latexit>

4⇥ 109 GeV

<latexit sha1_base64="Ow62yWxs8o6Jl5RJvjYasQTPyq4="></latexit>

2⇥ 109 GeV

<latexit sha1_base64="DgL98hf2IVXAUUh0xrA7RS+I/jY="></latexit>

5⇥ 10
8 GeV

<latexit sha1_base64="E3E8GGeaDNhMXSuYBWskU1P7USA="></latexit>

RMEG
µ+

<latexit sha1_base64="b5r5Qki8+ebrjTD/HbH41ndu7CI="></latexit>

RMEG-II
µ+

<latexit sha1_base64="C9IzSBbtbwActM4DqrfLoYNNMMk="></latexit>

tr
ig
g
e
r
ra
te
>
1
0
H
z
(u
p
p
e
r)

<latexit sha1_base64="2v2QJR1N0Vu15Ogf0TgF8GRsN+w="></latexit>

tr
ig
g
e
r
ra
te
>
1
0
H
z
(l
o
w
e
r)

<latexit sha1_base64="lrzd/RFIkUCKT5WYN1m57UET6Uo="></latexit>

MEGII-ALP
<latexit sha1_base64="pjHZvw96w8k11nhk+p/9aDp/hF8="></latexit>

tr
ig
g
e
r
ra
te
=
1
H
z
(l
o
w
e
r)

<latexit sha1_base64="1ZmjVQS3scFEg7GBxfx0FThlGOE="></latexit>

tr
ig
g
e
r
ra
te

=
0
.1
H
z
(l
o
w
e
r)

Towards a new data taking strategy III



Expected sensitivity
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@ 95% C.L.

<latexit sha1_base64="oMxtOCA7Ilihz/Ze1Gx0NKRtDa8="></latexit>

MEG II-ALP (1 month) (?)

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

MEG-RMD (•)

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

MEG II-RMD

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

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

SN1987Aµe

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

TWIST (µ ! ea)

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

MEG II-ALP (1 year) (?)



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

MEG-II can surpass bounds  
from star cooling!  

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

Panci, Redigolo, Schwetz Ziegler 2209.03371 

S. Knapen and Y. Jho 2203.11222 

https://arxiv.org/abs/2203.11222


Summary 
Solutions of the strong CP problems might be related to flavor

For anarchic axions flavor exp. test 
<latexit sha1_base64="O4hFU+0n8Segqce2PobW+Kjj0Vo=">AAACFHicbVDJSgNBEO1xjXEb49FLYxA8SJiRoB6DHvQYwSyQxNDTqSRNeha6ayRhmN/w6FU/wpt49e43+BN2loNJfFDweK+KqnpeJIVGx/m2VlbX1jc2M1vZ7Z3dvX37IFfVYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1b3Az9mtPoLQIgwccRdDyWS8QXcEZGqlt51znMXGdtIkwxITeQjVt23mn4ExAl4k7I3kyQ7lt/zQ7IY99CJBLpnXDdSJsJUyh4BLSbDPWEDE+YD1oGBowH3Qrmdye0hOjdGg3VKYCpBP170TCfK1Hvmc6fYZ9veiNxf+8Rozdq1YigihGCPh0UTeWFEM6DoJ2hAKOcmQI40qYWynvM8U4mrjmtnief6bNY33opFmTjruYxTKpnhfci0LxvpgvXc9yypAjckxOiUsuSYnckTKpEE6G5IW8kjfr2Xq3PqzPaeuKNZs5JHOwvn4BGiOeCQ==</latexit>

1010 GeVnew physics @

New searches & new triggers are required!

BBN

<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="r7bNG5afpIRO0maNL1k+lIRXM9I=">AAACBnicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4jmAckS5idnU3GzMwuM71CWHL36FU/wpt49Tf8Bn/CSbIHk1jQUFR1090VJIIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqyuo0FrFuBcQwwRWrAwfBWolmRAaCNYPB7dhvPjFteKweYJgwX5Ke4hGnBKzUkN0OkLRbKrsVdwK8SLyclFGOWrf00wljmkqmgApiTNtzE/AzooFTwUbFTmpYQuiA9FjbUkUkM342uXaEj60S4ijWthTgifp3IiPSmKEMbKck0Dfz3lj8z2unEF37GVdJCkzR6aIoFRhiPH4dh1wzCmJoCaGa21sx7RNNKNiAZrYEgTw19rE+C0dFm443n8UiaZxVvMvK+f1FuXqT51RAh+gInSAPXaEqukM1VEcUPaIX9IrenGfn3flwPqetS04+c4Bm4Hz9AnMNmX4=</latexit>m⌧
<latexit sha1_base64="PLMq1SD7LqDCttXhlqSvU7glLeU=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoM8eIxonlAsoTZ2U4yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEUajTiEeqFRANnEmoG2Y4tGIFRAQcmsHwduI3n0BpFslHM4rBF6QvWY9RYqz0ILrVbrHklt0p8DLxMlJCGWrd4k8njGgiQBrKidZtz42NnxJlGOUwLnQSDTGhQ9KHtqWSCNB+Oj11jE+sEuJepGxJg6fq34mUCK1HIrCdgpiBXvQm4n9eOzG9Gz9lMk4MSDpb1Es4NhGe/I1DpoAaPrKEUMXsrZgOiCLU2HTmtgSBONP2sQGE44JNx1vMYpk0zsveVfni/rJUqWY55dEROkanyEPXqILuUA3VEUV99IJe0Zvz7Lw7H87nrDXnZDOHaA7O1y/Awpf8</latexit>mB

Anarchy vs MFV gives a guidance in the landscape

of possible flavoured axions

The question for the PQ axion is how PQ is embedded in the SM flavor group


