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- Two ways in which they can occur within the Standard Model
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 - emission

Internal Pair Creation 
(IPC)
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- Nuclear transitions are decays of an excited nucleus into its ground state

- Nuclear excitation energies are                                    
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- Rare nuclear transitions can test for light and weakly coupled new physics



- In 2015 ATOMKI studied IPC processes for the decay of excited beryllium energy states
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m8Be = 7454.85 MeV
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J⇡ = 0+ , T = 0

- The experiment consists in a proton beam colliding           target nuclei at rest

- They measure the IPC process

- Varying the proton energy they were able to scan across the           resonances
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- The             pairs are detected by detectors perpendicular to the beam directions 
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- They observed an anomalous peak at an opening angle of ~          for the             pairs

- The anomaly vanishes outside the          resonances

- They measured was later confirmed with an improved experimental setup
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8Be(18.15) [ATOMKI: 1504.01527]

[ATOMKI: J.Phys.Conf.Ser. 1056 (2018) 1, 012028]



- ATOMKI speculate on the anomaly origin from the decay of the excited                       state

- The signal can be explained with the production of a new particle from                    decay

<latexit sha1_base64="itjNLdC8HXJpSzOwQdE4/G3x+NU=">AAACI3icbZDLSsNAFIYn9V5vUZduBosgiCURqyIuRBFcVrBaaGOYTE/s0MnFmYlQ0ryLG1/FjQtF3LjwXZymEbwdGObn+89h5vxezJlUlvVulMbGJyanpmfKs3PzC4vm0vKljBJBoUEjHommRyRwFkJDMcWhGQsggcfhyuudDP2rOxCSReGF6sfgBOQmZD6jRGnkmgeD/gC34TZhd3jQ9gWh6ambwvVmtpXfW1n2BTa/wAAfYqtac82KVbXywn+FXYgKKqrumq/tTkSTAEJFOZGyZVuxclIiFKMcsnI7kRAT2iM30NIyJAFIJ813zPC6Jh3sR0KfUOGcfp9ISSBlP/B0Z0BUV/72hvA/r5Uof99JWRgnCkI6eshPOFYRHgaGO0wAVbyvBaGC6b9i2iU6KKVjLesQ7N8r/xWX21V7t1o736kcHRdxTKNVtIY2kI320BE6Q3XUQBTdo0f0jF6MB+PJeDXeRq0lo5hZQT/K+PgEuJujow==</latexit>

|y| ⌘ |Ee+ � Ee�

Ee+ + Ee�
| < 0.5

<latexit sha1_base64="uuOpWIuDUWCQ98VWFdDxI6VPM+w=">AAACI3icbZDLSsNAFIYn9V5vUZduBosgiCURq+JCRBFcVrBaaGOYTE/s0MnFmYlQ0ryLG1/FjQtF3LjwXZymEbwdGObn+89h5vxezJlUlvVulMbGJyanpmfKs3PzC4vm0vKljBJBoUEjHommRyRwFkJDMcWhGQsggcfhyuudDP2rOxCSReGF6sfgBOQmZD6jRGnkmgeD/gC34TZhd3jQ9gWh6ambwvVmtpXfW1n2BTa/wAAfYqtac82KVbXywn+FXYgKKqrumq/tTkSTAEJFOZGyZVuxclIiFKMcsnI7kRAT2iM30NIyJAFIJ813zPC6Jh3sR0KfUOGcfp9ISSBlP/B0Z0BUV/72hvA/r5Uof99JWRgnCkI6eshPOFYRHgaGO0wAVbyvBaGC6b9i2iU6KKVjLesQ7N8r/xWX21V7t1o736kcHRdxTKNVtIY2kI320BE6Q3XUQBTdo0f0jF6MB+PJeDXeRq0lo5hZQT/K+PgEu6ujpQ==</latexit>

|y| ⌘ |Ee+ � Ee�

Ee+ + Ee�
| > 0.5

- The deviation has a significance of ~

<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)

<latexit sha1_base64="F+ei9eT1x9xXimLlTAh8eT1O7Pk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVtR6LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfju5nffqLasEQ+2omiocBDyWJGsHVSu9YzbChwv1zxq/4caJUEOalAjka//NUbJCQVVFrCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUclFtSE2fzcKTpzygDFiXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGN2HGpEotlWSxKE45sgma/Y4GTFNi+cQRTDRztyIywhoT6xIquRCC5ZdXSeuiGlxXrx4uK/XbPI4inMApnEMANajDPTSgCQTG8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAZQo9u</latexit>

7�
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)



- In 2019 ATOMKI repeated the experiment with          excited nuclei with      on tritium

Ground state

<latexit sha1_base64="3MdbpEmv5pT4q36i3vBdMwocm1A="></latexit>

J⇡ = 1+
<latexit sha1_base64="QR2PONGJmwkk8kZ5u6R/rh7Xu4c=">AAACGHicdVBLSwMxGMzWV62vVY9egkXwIDVbtLYHoejFY4W+YLuUbJq2odnskmSFsvRnePGvePGgiNfe/DemjwUVHQgMM/MlX8aPOFMaoU8rs7K6tr6R3cxtbe/s7tn7B00VxpLQBgl5KNs+VpQzQRuaaU7bkaQ48Dlt+aPbmd96oFKxUNT1OKJegAeC9RnB2khd+zzpzC9x5cD3ElRABqXS2Yw4ZeQYUqmUi8XKBNbhNUSTrp1PQzANwTQEnbmFUB4sUeva004vJHFAhSYcK+U6KNJegqVmhNNJrhMrGmEywgPqGipwQJWXzHeawBOj9GA/lOYIDefq94kEB0qNA98kA6yH6rc3E//y3Fj3y17CRBRrKsjioX7MoQ7hrCXYY5ISzceGYCKZ2RWSIZaYaNNlzpSQ/hT+T5rFglMqXN5f5Ks3yzqy4Agcg1PggCtQBXegBhqAgEfwDF7Bm/VkvVjv1scimrGWM4fgB6zpF/3nm1Y=</latexit>

T = 0
<latexit sha1_base64="3MdbpEmv5pT4q36i3vBdMwocm1A="></latexit>

J⇡ = 1+
<latexit sha1_base64="NGyrpL4Mjwfhd1lTPl/+Bd/TA2w="></latexit>

4
He

⇤
(20.21)

<latexit sha1_base64="5UUzgWPvukPbWz1BnkTlCjTzsF8="></latexit>

4
He

⇤
(21.01)

<latexit sha1_base64="VopWByHi2BjTpo+k21ZGJFkb2wc=">AAACFXicdVBLSwMxGMzWV62vVY9egkXwUEu2aG1vRS8eK9gHbNeSTbNtaPZBkhXKsn/Ci3/FiwdFvAre/DemjwUVHQgMM/MlX8aNOJMKoU8jt7S8srqWXy9sbG5t75i7e20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacceXU79zR4VkYXCjJhF1fDwMmMcIVlrqm6WkN7vEFkPXSVAZaVSrpSmxasjSpF6vVSr1FN2epH2zmCVgloBZAlozC6EiWKDZNz96g5DEPg0U4VhK20KRchIsFCOcpoVeLGmEyRgPqa1pgH0qnWS2UAqPtDKAXij0CRScqd8nEuxLOfFdnfSxGsnf3lT8y7Nj5dWchAVRrGhA5g95MYcqhNOK4IAJShSfaIKJYHpXSEZYYKJ0kQVdQvZT+D9pV8pWtXx2fVpsXCzqyIMDcAiOgQXOQQNcgSZoAQLuwSN4Bi/Gg/FkvBpv82jOWMzsgx8w3r8Az82a0g==</latexit>

0�

<latexit sha1_base64="AnPXnvnuOzwUt9NmaGyb1pQb7jM=">AAACFXicdVBLSwMxGMzWV62vVY9egkUQLCVbtLa3ohePFewD2rVk07QNzT5IskJZ9k948a948aCIV8Gb/8bstgsqOhAYZuZLvowTcCYVQp9Gbml5ZXUtv17Y2Nza3jF399rSDwWhLeJzX3QdLClnHm0ppjjtBoJi1+G040wvE79zR4VkvnejZgG1XTz22IgRrLQ0MEtRP72kJ8aOHaEy0qhWSwmxasjSpF6vVSr1GN2exAOzmCVgloBZAlqphVARLNAcmB/9oU9Cl3qKcCxlz0KBsiMsFCOcxoV+KGmAyRSPaU9TD7tU2lG6UAyPtDKEI1/o4ymYqt8nIuxKOXMdnXSxmsjfXiL+5fVCNarZEfOCUFGPzB8ahRwqHyYVwSETlCg+0wQTwfSukEywwETpIgu6hOyn8H/SrpStavns+rTYuFjUkQcH4BAcAwucgwa4Ak3QAgTcg0fwDF6MB+PJeDXe5tGcsZjZBz9gvH8BzMOa0A==</latexit>

0+
<latexit sha1_base64="QR2PONGJmwkk8kZ5u6R/rh7Xu4c=">AAACGHicdVBLSwMxGMzWV62vVY9egkXwIDVbtLYHoejFY4W+YLuUbJq2odnskmSFsvRnePGvePGgiNfe/DemjwUVHQgMM/MlX8aPOFMaoU8rs7K6tr6R3cxtbe/s7tn7B00VxpLQBgl5KNs+VpQzQRuaaU7bkaQ48Dlt+aPbmd96oFKxUNT1OKJegAeC9RnB2khd+zzpzC9x5cD3ElRABqXS2Yw4ZeQYUqmUi8XKBNbhNUSTrp1PQzANwTQEnbmFUB4sUeva004vJHFAhSYcK+U6KNJegqVmhNNJrhMrGmEywgPqGipwQJWXzHeawBOj9GA/lOYIDefq94kEB0qNA98kA6yH6rc3E//y3Fj3y17CRBRrKsjioX7MoQ7hrCXYY5ISzceGYCKZ2RWSIZaYaNNlzpSQ/hT+T5rFglMqXN5f5Ks3yzqy4Agcg1PggCtQBXegBhqAgEfwDF7Bm/VkvVjv1scimrGWM4fgB6zpF/3nm1Y=</latexit>

T = 0
<latexit sha1_base64="CwSXwUisdaCkkJFP3ykTB8C72Ro="></latexit>

BR� ⇠ 6.6⇥ 10�10

<latexit sha1_base64="noiiODGfhNTPyPgW+O/oZeq/gGE="></latexit>

BR� = 0
<latexit sha1_base64="yDOoEnyU1/o/6STCzx2qu4kYzpc="></latexit>

� = 840 KeV

<latexit sha1_base64="Ghf48aeSnljWYScYZYMDTfgpDXc="></latexit>

� = 500 KeV

- Proton energy chosen between the two resonances, both states populated

- IPC only possible for                        because of parity conservation

<latexit sha1_base64="opDRTRPcz8tNADgZ6rZHHeRm5Zs=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjNttQURim66ESrYB7S1ZNLbNjSZGZKMUIb5ADf+ihsXirj1A9z5N6aPhbYeCBzOOZebe9yAM6Vt+9tKrKyurW8kN1Nb2zu7e+n9g7ryQ0mhRn3uy6ZLFHDmQU0zzaEZSCDC5dBwR9cTv/EAUjHfu9PjADqCDDzWZ5RoI3XTGdGN7gtRWwpcgTjGlzhfzBWz+VL7YireQD02KTtrT4GXiTMnGTRHtZv+avd8GgrwNOVEqZZjB7oTEakZ5RCn2qGCgNARGUDLUI8IUJ1oekyMT4zSw31fmudpPFV/T0REKDUWrkkKoodq0ZuI/3mtUPdLnYh5QajBo7NF/ZBj7eNJM7jHJFDNx4YQKpn5K6ZDIgnVpr+UKcFZPHmZ1HNZ5zx7dlvIlK/mdSTRETpGp8hBRVRGFVRFNUTRI3pGr+jNerJerHfrYxZNWPOZQ/QH1ucPUySZRA==</latexit>

m4He = 3727.38 MeV
<latexit sha1_base64="nzN4cMvXKTtJmOyiNadg8zwsDKo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLICglEV+bQtGNuKrQFzRpmUwm7dDJJM5MhBK68VfcuFDErZ/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3sLi0vJJfLaytb2xumds7DRklApM6jlgkWh6ShFFO6ooqRlqxICj0GGl6g5ux33wkQtKI19QwJm6IepwGFCOlpa65d9dxYgrL0OocO/DEeUiQD2tlq2sWrZI1AZwndkaKIEO1a345foSTkHCFGZKybVuxclMkFMWMjApOIkmM8AD1SFtTjkIi3XTywAgeasWHQSR0cQUn6u+JFIVSDkNPd4ZI9eWsNxb/89qJCq7clPI4UYTj6aIgYVBFcJwG9KkgWLGhJggLqm+FuI8EwkpnVtAh2LMvz5PGacm+KJ3fnxUr11kcebAPDsARsMElqIBbUAV1gMEIPINX8GY8GS/Gu/Exbc0Z2cwu+APj8wcz55Q+</latexit>

J⇡ = 0+ , T = 0

<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="NrpD918piRkXXvaMjvCtQ5Doeis=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWSG4GNJdMMSE3kkMJJO6UBD25m0HQ0Z+RQ3LjTGrV/izr+xwCwUPMlNTs65N/feE8SMKu2631ZubX1jcyu/XdjZ3ds/sIuHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD8c3Mbz8QqWgk7vQkJj5HQ0FDipE2Ut8u3lfTnuSwTqbliutUvLO+XXIddw64SryMlECGRt/+6g0inHAiNGZIqa7nxtpPkdQUMzIt9BJFYoTHaEi6hgrEifLT+elTeGqUAQwjaUpoOFd/T6SIKzXhgenkSI/UsjcT//O6iQ6v/JSKONFE4MWiMGFQR3CWAxxQSbBmE0MQltTcCvEISYS1SatgQvCWX14lrYrjXTjnt9VS7TqLIw+OwQkoAw9cghqogwZoAgwewTN4BW/Wk/VivVsfi9aclc0cgT+wPn8AfCeSNQ==</latexit>

4
He(20.21)



<latexit sha1_base64="itjNLdC8HXJpSzOwQdE4/G3x+NU=">AAACI3icbZDLSsNAFIYn9V5vUZduBosgiCURqyIuRBFcVrBaaGOYTE/s0MnFmYlQ0ryLG1/FjQtF3LjwXZymEbwdGObn+89h5vxezJlUlvVulMbGJyanpmfKs3PzC4vm0vKljBJBoUEjHommRyRwFkJDMcWhGQsggcfhyuudDP2rOxCSReGF6sfgBOQmZD6jRGnkmgeD/gC34TZhd3jQ9gWh6ambwvVmtpXfW1n2BTa/wAAfYqtac82KVbXywn+FXYgKKqrumq/tTkSTAEJFOZGyZVuxclIiFKMcsnI7kRAT2iM30NIyJAFIJ813zPC6Jh3sR0KfUOGcfp9ISSBlP/B0Z0BUV/72hvA/r5Uof99JWRgnCkI6eshPOFYRHgaGO0wAVbyvBaGC6b9i2iU6KKVjLesQ7N8r/xWX21V7t1o736kcHRdxTKNVtIY2kI320BE6Q3XUQBTdo0f0jF6MB+PJeDXeRq0lo5hZQT/K+PgEuJujow==</latexit>

|y| ⌘ |Ee+ � Ee�

Ee+ + Ee�
| < 0.5

<latexit sha1_base64="uuOpWIuDUWCQ98VWFdDxI6VPM+w=">AAACI3icbZDLSsNAFIYn9V5vUZduBosgiCURq+JCRBFcVrBaaGOYTE/s0MnFmYlQ0ryLG1/FjQtF3LjwXZymEbwdGObn+89h5vxezJlUlvVulMbGJyanpmfKs3PzC4vm0vKljBJBoUEjHommRyRwFkJDMcWhGQsggcfhyuudDP2rOxCSReGF6sfgBOQmZD6jRGnkmgeD/gC34TZhd3jQ9gWh6ambwvVmtpXfW1n2BTa/wAAfYqtac82KVbXywn+FXYgKKqrumq/tTkSTAEJFOZGyZVuxclIiFKMcsnI7kRAT2iM30NIyJAFIJ813zPC6Jh3sR0KfUOGcfp9ISSBlP/B0Z0BUV/72hvA/r5Uof99JWRgnCkI6eshPOFYRHgaGO0wAVbyvBaGC6b9i2iU6KKVjLesQ7N8r/xWX21V7t1o736kcHRdxTKNVtIY2kI320BE6Q3XUQBTdo0f0jF6MB+PJeDXeRq0lo5hZQT/K+PgEu6ujpQ==</latexit>

|y| ⌘ |Ee+ � Ee�

Ee+ + Ee�
| > 0.5

- They again find a bump in the              opening angle at

- Best-fit mass
<latexit sha1_base64="Qo5868KrIhxsSOd7E8aCSjty/vQ="></latexit>

mX = 16.84± 0.16 (stat)± 0.20 (syst) MeV

<latexit sha1_base64="fVPoG+wXDPWb5hF0pp4IEvw8ZE0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEMeyKr2PQi8cI5gHJJsxOOsmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsriAXXxnW/naXlldW19dxGfnNre2e3sLdf01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HwbuLXn1BpHslHM4rRD2lf8h5n1Fipju1Tgu2zTqHoltwpyCLxMlKEDJVO4avVjVgSojRMUK2bnhsbP6XKcCZwnG8lGmPKhrSPTUslDVH76fTcMTm2Spf0ImVLGjJVf0+kNNR6FAa2M6RmoOe9ifif10xM78ZPuYwTg5LNFvUSQUxEJr+TLlfIjBhZQpni9lbCBlRRZmxCeRuCN//yIqmdl7yr0uXDRbF8m8WRg0M4ghPw4BrKcA8VqAKDITzDK7w5sfPivDsfs9YlJ5s5gD9wPn8AHKuOyA==</latexit>

e+e�
<latexit sha1_base64="AufmVUJODN35JTWqeOJ81I0gxd4=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArRj0GvXiMYB6QXcPsZDYZMjO7zPQKYQn4K148KOLV7/Dm3zh5HDSxoKGo6qa7K0oFN+B5387S8srq2npho7i5tb2z6+7tN0ySacrqNBGJbkXEMMEVqwMHwVqpZkRGgjWjwc3Ybz4ybXii7mGYslCSnuIxpwSs1HEPA+gzIDgwXGLfrzwElGvacUte2ZsALxJ/RkpohlrH/Qq6Cc0kU0AFMabteymEOdHAqWCjYpAZlhI6ID3WtlQRyUyYT84f4ROrdHGcaFsK8ET9PZETacxQRrZTEuibeW8s/ue1M4ivwpyrNAOm6HRRnAkMCR5ngbtcMwpiaAmhmttbMe0TTSjYxIo2BH/+5UXSOCv7F+XK3Xmpej2Lo4CO0DE6RT66RFV0i2qojijK0TN6RW/Ok/PivDsf09YlZzZzgP7A+fwB5Q+U0A==</latexit>

✓ ⇠ 115�

[ATOMKI: 1910.10459, 2104.10075]



- In 2020 it was suggested to search for the same effect in          nuclei

Ground state

<latexit sha1_base64="z5RIxtrPPBNZdoG3mVP04kLrg3I="></latexit>

12C⇤(17.23)
<latexit sha1_base64="APxsG62C9eCb1Qo5YgTOA/bCCqw="></latexit>

J⇡ = 1�
<latexit sha1_base64="7GlyCWWooNpAsrL9ul9xtWduxyI=">AAACGHicdVBLSwMxGMzWV62vVY9egkXwIHW3aG0PQtGLxwp9wXYp2TTbhmYfJFmhLPszvPhXvHhQxGtv/huz2y6o6EBgmJkv+TJOyKiQhvGpFVZW19Y3ipulre2d3T19/6Argohj0sEBC3jfQYIw6pOOpJKRfsgJ8hxGes70NvV7D4QLGvhtOQuJ7aGxT12KkVTSUD+PB9klFh87dmxUDIVa7SwlZt0wFWk06tVqI4FteA3NZKiX8xDMQzAPQTOzDKMMlmgN9flgFODII77EDAlhmUYo7RhxSTEjSWkQCRIiPEVjYinqI48IO852SuCJUkbQDbg6voSZ+n0iRp4QM89RSQ/JifjtpeJfnhVJt27H1A8jSXy8eMiNGJQBTFuCI8oJlmymCMKcql0hniCOsFRdllQJ+U/h/6RbrZi1yuX9Rbl5s6yjCI7AMTgFJrgCTXAHWqADMHgEz+AVvGlP2ov2rn0sogVtOXMIfkCbfwH/bJtX</latexit>

T = 1
<latexit sha1_base64="PVBLARx/o2dHPm6k7CM0z5SK60Q="></latexit>

� = 1150 KeV
<latexit sha1_base64="cIrW3CaYsJGcFj5DYsH6xXGS4E8="></latexit>

BR� ⇠ 3.8⇥ 10�5

- This is the heaviest nucleus with enough excitation energy
- Excited carbon state produced with protons on a boron target

<latexit sha1_base64="SHTJVrAY0qptm+mtCB2bOZps2J0=">AAACD3icbVDLSgMxFM3UV62vqks3waK4KpNS24IIxW7cCBXsA9o6ZNK0DU1mhiQjlGH+wI2/4saFIm7duvNvTNtZaOuBC4dz7uXee9yAM6Vt+9tKrayurW+kNzNb2zu7e9n9g6byQ0log/jcl20XK8qZRxuaaU7bgaRYuJy23HFt6rceqFTM9+70JKA9gYceGzCCtZGc7KlwovsIFeKoKwWsxTG8hAihcjFfKXUvZuINbcZONmfn7RngMkEJyYEEdSf71e37JBTU04RjpTrIDnQvwlIzwmmc6YaKBpiM8ZB2DPWwoKoXzf6J4YlR+nDgS1OehjP190SEhVIT4ZpOgfVILXpT8T+vE+pBpRcxLwg19ch80SDkUPtwGg7sM0mJ5hNDMJHM3ArJCEtMtIkwY0JAiy8vk2Yhj0r589tirnqVxJEGR+AYnAEEyqAKrkEdNAABj+AZvII368l6sd6tj3lrykpmDsEfWJ8/S/KaTQ==</latexit>

m12C = 11174.86 MeV
<latexit sha1_base64="nzN4cMvXKTtJmOyiNadg8zwsDKo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLICglEV+bQtGNuKrQFzRpmUwm7dDJJM5MhBK68VfcuFDErZ/hzr9x2mahrQcuHM65l3vv8WJGpbKsbyO3sLi0vJJfLaytb2xumds7DRklApM6jlgkWh6ShFFO6ooqRlqxICj0GGl6g5ux33wkQtKI19QwJm6IepwGFCOlpa65d9dxYgrL0OocO/DEeUiQD2tlq2sWrZI1AZwndkaKIEO1a345foSTkHCFGZKybVuxclMkFMWMjApOIkmM8AD1SFtTjkIi3XTywAgeasWHQSR0cQUn6u+JFIVSDkNPd4ZI9eWsNxb/89qJCq7clPI4UYTj6aIgYVBFcJwG9KkgWLGhJggLqm+FuI8EwkpnVtAh2LMvz5PGacm+KJ3fnxUr11kcebAPDsARsMElqIBbUAV1gMEIPINX8GY8GS/Gu/Exbc0Z2cwu+APj8wcz55Q+</latexit>

J⇡ = 0+ , T = 0

- Less evident deviations for

- Data agree with predictions for

<latexit sha1_base64="PXbIbF21V4usrTOG4witKDtEJeM="></latexit>

mX = 17.03± 0.11 (stat)± 0.2 (syst) MeV

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C

<latexit sha1_base64="0RCMtqALoHmuimLdn24Y+m7lDqA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRSHwsXRTcuK9gHNLFMppN26GQSZm7EEvorblwo4tYfceffOG2z0NYDFw7n3Mu99wSJ4Boc59sqrKyurW8UN0tb2zu7e/Z+uaXjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GN1M/fYjU5rH8h7GCfMjMpA85JSAkXp22YMhA4KvsFtzHjzKFe3ZFafqzICXiZuTCsrR6NlfXj+macQkUEG07rpOAn5GFHAq2KTkpZolhI7IgHUNlSRi2s9mt0/wsVH6OIyVKQl4pv6eyEik9TgKTGdEYKgXvan4n9dNIbz0My6TFJik80VhKjDEeBoE7nPFKIixIYQqbm7FdEgUoWDiKpkQ3MWXl0nrtOqeV8/uapX6dR5HER2iI3SCXHSB6ugWNVATUfSEntErerMm1ov1bn3MWwtWPnOA/sD6/AE3FJNH</latexit>

✓ < 140�
<latexit sha1_base64="VFRei6LrqmJsqIOEF82SKveZFg0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRSHyspunFZwT6giWUynbRDJ5MwcyOW0F9x40IRt/6IO//GaZuFth64cDjnXu69J0gE1+A431ZhZXVtfaO4Wdra3tnds/fLLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Gbqtx+Z0jyW9zBOmB+RgeQhpwSM1LPLHgwZEHyF3Zrz4FGuaM+uOFVnBrxM3JxUUI5Gz/7y+jFNIyaBCqJ113US8DOigFPBJiUv1SwhdEQGrGuoJBHTfja7fYKPjdLHYaxMScAz9fdERiKtx1FgOiMCQ73oTcX/vG4K4aWfcZmkwCSdLwpTgSHG0yBwnytGQYwNIVRxcyumQ6IIBRNXyYTgLr68TFqnVfe8enZXq9Sv8ziK6BAdoRPkogtUR7eogZqIoif0jF7RmzWxXqx362PeWrDymQP0B9bnDzowk0k=</latexit>

✓ > 140�

[Feng+ 2006.01151]

[ATOMKI 2209.10795]



- The experimental results are not due to a statistical fluctuations

i) Unaccounted experimental systematics and/or error ?

ii) Unaccounted standard nuclear physics effects?

iii) Unaccounted beyond the Standard Model physics?

- Only three possibilities are left



- The experimental results are not due to a statistical fluctuations

i) Unaccounted experimental systematics and/or error ?

ii) Unaccounted standard nuclear physics effects?

iii) Unaccounted beyond the Standard Model physics?

- Only three possibilities are left

- The anomaly is seen in three different nuclear decays and different setups have been used
- It seems solid… but an independent experiment is needed

Meg-II @ PSI can replicate the measurement. Data taking over, analysis ongoing

Tandem @ Montreal 
can also replicate the measurement. Status unclear…

Van-de-Graaf @ Prague

PADME @ LNF seems to provide the most promising and closer in time update



Already an independent (?) confirmation (?)

- A few weeks ago an experiment in Hanoi repeated the measurement
- They observed the same anomalous peak in the              angular opening at 

<latexit sha1_base64="oFezt2D2lpt+0RLYShx9k2+DCms="></latexit>

mX = 16.7± 0.47 (stat)± 0.35 (syst) MeV

<latexit sha1_base64="fVPoG+wXDPWb5hF0pp4IEvw8ZE0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEMeyKr2PQi8cI5gHJJsxOOsmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsriAXXxnW/naXlldW19dxGfnNre2e3sLdf01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HwbuLXn1BpHslHM4rRD2lf8h5n1Fipju1Tgu2zTqHoltwpyCLxMlKEDJVO4avVjVgSojRMUK2bnhsbP6XKcCZwnG8lGmPKhrSPTUslDVH76fTcMTm2Spf0ImVLGjJVf0+kNNR6FAa2M6RmoOe9ifif10xM78ZPuYwTg5LNFvUSQUxEJr+TLlfIjBhZQpni9lbCBlRRZmxCeRuCN//yIqmdl7yr0uXDRbF8m8WRg0M4ghPw4BrKcA8VqAKDITzDK7w5sfPivDsfs9YlJ5s5gD9wPn8AHKuOyA==</latexit>

e+e�
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)

[2401.11676]



Already an independent (?) confirmation (?)

- A few weeks ago an experiment in Hanoi repeated the measurement
- They observed the same anomalous peak in the              angular opening at 

<latexit sha1_base64="oFezt2D2lpt+0RLYShx9k2+DCms="></latexit>

mX = 16.7± 0.47 (stat)± 0.35 (syst) MeV

- Is it really ‘’independent’’ ? Strong input from the ATOMKI group, which signed the work

<latexit sha1_base64="fVPoG+wXDPWb5hF0pp4IEvw8ZE0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEMeyKr2PQi8cI5gHJJsxOOsmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsriAXXxnW/naXlldW19dxGfnNre2e3sLdf01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HwbuLXn1BpHslHM4rRD2lf8h5n1Fipju1Tgu2zTqHoltwpyCLxMlKEDJVO4avVjVgSojRMUK2bnhsbP6XKcCZwnG8lGmPKhrSPTUslDVH76fTcMTm2Spf0ImVLGjJVf0+kNNR6FAa2M6RmoOe9ifif10xM78ZPuYwTg5LNFvUSQUxEJr+TLlfIjBhZQpni9lbCBlRRZmxCeRuCN//yIqmdl7yr0uXDRbF8m8WRg0M4ghPw4BrKcA8VqAKDITzDK7w5sfPivDsfs9YlJ5s5gD9wPn8AHKuOyA==</latexit>

e+e�
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)

[2401.11676]



Possible Standard Model & nuclear physics solutions

• Possible nuclear physics effects have been investigated.  
Authors indicate that known processes cannot explain the ATOMKI results

 [ Zhang & Miller 1703.04588, 2008.11288]

• Exotic QCD bound states 

• Higher order corrections to and interference terms with Born amplitude 
 [ Aleksejevs 2102.01127 ]

• Double conversion of photon pairs  [ Koch 2003.05722 ]

 [ Chen 2006.01018]- Tetraquark hypothesis, predicts a second unobserved resonance
- Hexadiquark hypothesis, can only explain the He result [ Kubarovsky+ 2206.14441 ]

No firm explanation in terms of SM effects has been established

Lets assume is a BSM state



Process kinematics

- The features of the excess are

- Resonant bumps at the same invariant mass for all the nuclear transitions
-            opening angle peaks at          ,          and           for          ,          and
- Signal in          and           for small lepton energy asymmetry

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

A

- Center of mass energy 

- Excited state produced almost at rest in the lab frame

- The energy of the X boson in the CM frame is

<latexit sha1_base64="ryCa107H3o00rgR9Ux3IvjokuKs=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoMgiGFXfB2DXjxGMA9INmF20puMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7gpgzbVz328ktLa+sruXXCxubW9s7xd29upaJolCjkkvVDIgGzgTUDDMcmrECEgUcGsHwduI3nkBpJsWDGcXgR6QvWMgoMVaqQ+cEOqfdYsktu1PgReJlpIQyVLvFr3ZP0iQCYSgnWrc8NzZ+SpRhlMO40E40xIQOSR9algoSgfbT6bVjfGSVHg6lsiUMnqq/J1ISaT2KAtsZETPQ895E/M9rJSa89lMm4sSAoLNFYcKxkXjyOu4xBdTwkSWEKmZvxXRAFKHGBlSwIXjzLy+S+lnZuyxf3J+XKjdZHHl0gA7RMfLQFaqgO1RFNUTRI3pGr+jNkc6L8+58zFpzTjazj/7A+fwBxeCOng==</latexit>

e+e�
<latexit sha1_base64="RhSKzcl30gip75nKHKIV/G85Pe8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfByDXjxGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfONnsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iyS92YSU1/goWQhI9hY6cGruY89whTplytu1c2AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+mh08RSdWGaAwUrakQZn6eyLFQuuJCGynwGakF72Z+J/XTUx45adMxomhkswXhQlHJkKz79GAKUoMn1iCiWL2VkRGWGFibEYlG4K3+PIyaZ1VvYvq+V2tUr/O4yjCERzDKXhwCXW4hQY0gYCAZ3iFN0c5L8678zFvLTj5zCH8gfP5A9jDj84=</latexit>

140�
<latexit sha1_base64="SlzgxgG3XWlaaAWNU6dsaeRHNFg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LXjxWsB/SriWbZtvQJLskWaEs/RVePCji1Z/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPXhe7bFHmCL9csWtujOgZeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzg6eohOrDFAYKVvSoJn6eyLFQuuJCGynwGakF71M/M/rJia88lMm48RQSeaLwoQjE6HsezRgihLDJ5Zgopi9FZERVpgYm1HJhuAtvrxMWmdV76Jauzuv1K/zOIpwBMdwCh5cQh1uoQFNICDgGV7hzVHOi/PufMxbC04+cwh/4Hz+ANvUj9A=</latexit>

115�
<latexit sha1_base64="ovSBRZ5+ioh+tuIUeQtetettSbo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrR6LXjxWsB/SriWbZtvQJLskWaEs/RVePCji1Z/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPXg197FHmCL9csWtujOgZeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzg6eohOrDFAYKVvSoJn6eyLFQuuJCGynwGakF71M/M/rJia88lMm48RQSeaLwoQjE6HsezRgihLDJ5Zgopi9FZERVpgYm1HJhuAtvrxMWmdVr1a9uDuv1K/zOIpwBMdwCh5cQh1uoQFNICDgGV7hzVHOi/PufMxbC04+cwh/4Hz+ANvZj9A=</latexit>

160�
<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C
<latexit sha1_base64="8Oo6fiZasB8/zlXk4B2AfqtVcxM=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKexKfByDXnKMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkndzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ3gQpk3FiQNLFomHCsYnwLAA8YAqo4VNLCFXM3orpmChCjY2pZEPwll9eJe2LqndVvbyvVeq3eRxFdIJO0Tny0DWqowZqohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMTPkYY=</latexit>

4
He

<latexit sha1_base64="Zq2RIjYME0IPqqnCN3XUdu5RwOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKjxxDvHiMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkntzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ1oKUyTgxIOli0TDh2ER4FgAeMAXU8KklhCpmb8V0TBShxsZUsiF4yy+vkvZF1buuXt1fVuqNPI4iOkGn6Bx56AbV0R1qohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMHfkYQ=</latexit>

8Be
<latexit sha1_base64="Zq2RIjYME0IPqqnCN3XUdu5RwOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKjxxDvHiMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkntzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ1oKUyTgxIOli0TDh2ER4FgAeMAXU8KklhCpmb8V0TBShxsZUsiF4yy+vkvZF1buuXt1fVuqNPI4iOkGn6Bx56AbV0R1qohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMHfkYQ=</latexit>

8Be
<latexit sha1_base64="8Oo6fiZasB8/zlXk4B2AfqtVcxM=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKexKfByDXnKMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkndzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ3gQpk3FiQNLFomHCsYnwLAA8YAqo4VNLCFXM3orpmChCjY2pZEPwll9eJe2LqndVvbyvVeq3eRxFdIJO0Tny0DWqowZqohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMTPkYY=</latexit>

4
He

<latexit sha1_base64="xnOcpn5D4fnhrWR7+gdqKDGvHss=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEVg8eil48VrAf0Iay2W7apZtN2N0IIe2P8OJBEa/+Hm/+G7dtDtr6YODx3gwz8/yYM6Ud59sqrK1vbG4Vt0s7u3v7B+XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHdzG8/UalYJB51GlMvxEPBAkawNlJ7kk5uHLvaL1cc25kDrRI3JxXI0eiXv3qDiCQhFZpwrFTXdWLtZVhqRjidlnqJojEmYzykXUMFDqnysvm5U3RmlAEKImlKaDRXf09kOFQqDX3TGWI9UsveTPzP6yY6uPYyJuJEU0EWi4KEIx2h2e9owCQlmqeGYCKZuRWREZaYaJNQyYTgLr+8SloXtluzqw+XlfptHkcRTuAUzsGFK6jDPTSgCQTG8Ayv8GbF1ov1bn0sWgtWPnMMf2B9/gCCwo8K</latexit>

|y| < 0.5



- Angular opening in function of the energy asymmetry and kinematical variables



- Angular opening in function of the energy asymmetry and kinematical variables

- Maximum asymmetry and minimal opening angle are



- Angular opening in function of the energy asymmetry and kinematical variables

- Maximum asymmetry and minimal opening angle are

• Distributions peak at the minimum opening angle
•         ,       and         openings compatible with a single mass value

<latexit sha1_base64="D6kaGizI5CJJh6z3RUebN6Z4t9A=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV3jgyPBi0dM5BEByezQCxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7vLjwXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1Fjp4bGcdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJyt2UyzgxKNl8UZAIYiIyfZ/0uUJmxNgSyhS3txI2pIoyY0PK2xC8xZeXSeO85F2VLu8uipVqFkcOjuEEzsCDa6jALdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifP/ZJkHg=</latexit>

8Be
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C
• No contribution for                  as observed in the         and         measurements

<latexit sha1_base64="D6kaGizI5CJJh6z3RUebN6Z4t9A=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV3jgyPBi0dM5BEByezQCxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7vLjwXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1Fjp4bGcdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJyt2UyzgxKNl8UZAIYiIyfZ/0uUJmxNgSyhS3txI2pIoyY0PK2xC8xZeXSeO85F2VLu8uipVqFkcOjuEEzsCDa6jALdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifP/ZJkHg=</latexit>

8Be
<latexit sha1_base64="uX2Rk7+iwNreF2h0K/NXvbNwt4s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEVk9S9OKxgv2ANpTNdtMu3WzC7kYIaX+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3ds/KB8etVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj+9mfvuJSsUi8ajTmHohHgoWMIK1kdqTdHLj2NV+ueLYzhxolbg5qUCORr/81RtEJAmp0IRjpbquE2svw1Izwum01EsUjTEZ4yHtGipwSJWXzc+dojOjDFAQSVNCo7n6eyLDoVJp6JvOEOuRWvZm4n9eN9HBtZcxESeaCrJYFCQc6QjNfkcDJinRPDUEE8nMrYiMsMREm4RKJgR3+eVV0rqw3Zpdfbis1G/zOIpwAqdwDi5cQR3uoQFNIDCGZ3iFNyu2Xqx362PRWrDymWP4A+vzB4XQjww=</latexit>

|y| > 0.5
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

Single particle hypothesis might explain all anomalous measurements



Process dynamics

- Spin and parity conservation restrict the possible quantum number of the X boson
- Consider the                     decay into a spin-0 state

<latexit sha1_base64="wS/s9T+VLC7yjuYeIfExTbJal/s=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCUCgz4mtZdOOygn1AZyyZNNOGZjJDkhGGUn/FjQtF3Poh7vwb03YW2nogyeGce8m9J0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuRSsVica+zhPoRHggWMoK1kXp22X2oIk/HyDFv1dxewnp2xak5M6Bl4uakAjkaPfvL68ckjajQhGOluq6TaH+MpWaE00nJSxVNMBnhAe0aKnBElT+eDT9Bx0bpozCW5giNZurvjjGOlMqiwFRGWA/VojcV//O6qQ6v/DETSaqpIPOPwpQjs+w0CdRnkhLNM0MwkczMisgQS0y0yatkQnAXV14mrdOae1E7vzur1K/zOIpwCEdwAi5cQh1uoQFNIJDBM7zCm/VkvVjv1se8tGDlPWX4A+vzBzXzkpM=</latexit>

1+ ! 0+ + 0⇡

- Orbital angular momentum should be 
<latexit sha1_base64="6RbWoEtIv6wLUWzkrqSv7hVfVIo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWupdXXq9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDyO+NfA==</latexit>

l = 1
- Parity conservations fixes                                which excludes a CP-even scalar state

<latexit sha1_base64="msPEwkkgZcJxFN9H4/h740hnF1g=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQC8OO+GoCQRvLCOYB2XWZncwmQ2Znl5lZISwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733BAlnSjvOt5VbWl5ZXcuvFzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaCwfXYbz1QqVgs7vQwoV6Ee4KFjGBtJN8ulo/R0X3Gq2gEXc0iqqCbML8NqxD5dsmpOBPARYJmpARmqPv2l9uNSRpRoQnHSnWQk2gvw1Izwumo4KaKJpgMcI92DBXYrPOyyRMjeGiULgxjaUpoOFF/T2Q4UmoYBaYzwrqv5r2x+J/XSXV46WVMJKmmgkwXhSmHOobjRGCXSUo0HxqCiWTmVkj6WGKiTW4FEwKaf3mRNE8q6Lxydntaql3N4siDIjgAZYDABaiBG1AHDUDAI3gGr+DNerJerHfrY9qas2Yz++APrM8fTSmV+g==</latexit>

(�1)l=1 ⇥ ⇡X = 1

<latexit sha1_base64="tm261J1P8GCa1r7BxOzD8VfHDO8="></latexit>

8Be⇤(18.15)
<latexit sha1_base64="tm261J1P8GCa1r7BxOzD8VfHDO8="></latexit>

8Be⇤(18.15)
<latexit sha1_base64="1RIXCObKXmaT4dko6Eo7mEihI9Q=">AAACE3icdZDLSgMxFIYz9VbrbdSlm2ARRKRkitZ2V3TjsoK9wHQomTTThmYuJBmhDH0HN76KGxeKuHXjzrcxM+2Aih4I/PzfOcnJ70acSYXQp1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6uUd++okCwMbtU0oo6PRwHzGMFKWwPzJOlnl9hi5DoJqiBdtdppKqw6srRoNOrVamPWmw3Mcs5hzmHOoZUhhMpgUa2B+dEfhiT2aaAIx1LaFoqUk2ChGOF0VurHkkaYTPCI2loG2KfSSbJ1ZvBIO0PohUKfQMHM/T6RYF/Kqe/qTh+rsfzNUvMvZsfKqzsJC6JY0YDMH/JiDlUI04DgkAlKFJ9qgYlgeldIxlhgonSMJR1C/lP4v+hUK1atcn5zVm5eLuIoggNwCI6BBS5AE1yDFmgDAu7BI3gGL8aD8WS8Gm/z1oKxmNkHP8p4/wLYBZpb</latexit>

X

<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)



Process dynamics

- Spin and parity conservation restrict the possible quantum number of the X boson
- Consider the                     decay into a spin-0 state

<latexit sha1_base64="wS/s9T+VLC7yjuYeIfExTbJal/s=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCUCgz4mtZdOOygn1AZyyZNNOGZjJDkhGGUn/FjQtF3Poh7vwb03YW2nogyeGce8m9J0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuRSsVica+zhPoRHggWMoK1kXp22X2oIk/HyDFv1dxewnp2xak5M6Bl4uakAjkaPfvL68ckjajQhGOluq6TaH+MpWaE00nJSxVNMBnhAe0aKnBElT+eDT9Bx0bpozCW5giNZurvjjGOlMqiwFRGWA/VojcV//O6qQ6v/DETSaqpIPOPwpQjs+w0CdRnkhLNM0MwkczMisgQS0y0yatkQnAXV14mrdOae1E7vzur1K/zOIpwCEdwAi5cQh1uoQFNIJDBM7zCm/VkvVjv1se8tGDlPWX4A+vzBzXzkpM=</latexit>

1+ ! 0+ + 0⇡

- Orbital angular momentum should be 
<latexit sha1_base64="6RbWoEtIv6wLUWzkrqSv7hVfVIo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWupdXXq9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDyO+NfA==</latexit>

l = 1
- Parity conservations fixes                                which excludes a CP-even scalar state

<latexit sha1_base64="msPEwkkgZcJxFN9H4/h740hnF1g=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQC8OO+GoCQRvLCOYB2XWZncwmQ2Znl5lZISwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733BAlnSjvOt5VbWl5ZXcuvFzY2t7Z37N29popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaCwfXYbz1QqVgs7vQwoV6Ee4KFjGBtJN8ulo/R0X3Gq2gEXc0iqqCbML8NqxD5dsmpOBPARYJmpARmqPv2l9uNSRpRoQnHSnWQk2gvw1Izwumo4KaKJpgMcI92DBXYrPOyyRMjeGiULgxjaUpoOFF/T2Q4UmoYBaYzwrqv5r2x+J/XSXV46WVMJKmmgkwXhSmHOobjRGCXSUo0HxqCiWTmVkj6WGKiTW4FEwKaf3mRNE8q6Lxydntaql3N4siDIjgAZYDABaiBG1AHDUDAI3gGr+DNerJerHfrY9qas2Yz++APrM8fTSmV+g==</latexit>

(�1)l=1 ⇥ ⇡X = 1

<latexit sha1_base64="tm261J1P8GCa1r7BxOzD8VfHDO8="></latexit>

8Be⇤(18.15)
<latexit sha1_base64="tm261J1P8GCa1r7BxOzD8VfHDO8="></latexit>

8Be⇤(18.15)
<latexit sha1_base64="1RIXCObKXmaT4dko6Eo7mEihI9Q=">AAACE3icdZDLSgMxFIYz9VbrbdSlm2ARRKRkitZ2V3TjsoK9wHQomTTThmYuJBmhDH0HN76KGxeKuHXjzrcxM+2Aih4I/PzfOcnJ70acSYXQp1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6uUd++okCwMbtU0oo6PRwHzGMFKWwPzJOlnl9hi5DoJqiBdtdppKqw6srRoNOrVamPWmw3Mcs5hzmHOoZUhhMpgUa2B+dEfhiT2aaAIx1LaFoqUk2ChGOF0VurHkkaYTPCI2loG2KfSSbJ1ZvBIO0PohUKfQMHM/T6RYF/Kqe/qTh+rsfzNUvMvZsfKqzsJC6JY0YDMH/JiDlUI04DgkAlKFJ9qgYlgeldIxlhgonSMJR1C/lP4v+hUK1atcn5zVm5eLuIoggNwCI6BBS5AE1yDFmgDAu7BI3gGL8aD8WS8Gm/z1oKxmNkHP8p4/wLYBZpb</latexit>

X

• Vector and axial vector can explain all three anomalies (with different          transitions)
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

• Pseudoscalar state can explain  and         , but need a pure scalar contribution to
<latexit sha1_base64="D6kaGizI5CJJh6z3RUebN6Z4t9A=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV3jgyPBi0dM5BEByezQCxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7vLjwXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1Fjp4bGcdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJyt2UyzgxKNl8UZAIYiIyfZ/0uUJmxNgSyhS3txI2pIoyY0PK2xC8xZeXSeO85F2VLu8uipVqFkcOjuEEzsCDa6jALdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifP/ZJkHg=</latexit>

8Be
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C

<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)

Can a combined explanation be found?



- We describe the interaction of the       boson to nuclear matter via the Hamiltonian

- Factorize excited nucleus production and decay

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

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

A

- Compute the decay width for real      emission from      decay
<latexit sha1_base64="1q+pbZeRTC2ru4NRXfD+8dwh+xs=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV271S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHuPmM5g==</latexit>

X
<latexit sha1_base64="+AiYelIH+gtby+D6OkB59kf/vc4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiSiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3tLyyupZfL2xsbm3vFHf36iZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4c3EbzxxbUSkHnEUcz+kfSV6glG00sNd56RTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NQxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+alQcYJcsdmiXiIJRmTyN+kKzRnKkSWUaWFvJWxANWVo0ynYELz5lxdJ/bTsXZTP789KlessjjwcwCEcgweXUIFbqEINGPThGV7hzZHOi/PufMxac042sw9/4Hz+AMRJjXk=</latexit>

N⇤

- We expand the nuclear matrix elements in terms of spherical tensor operators

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

X



Scalar case Vector case

- The decay rates can be expressed as

Spin-0

Spin-1

for a conserved current

<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=



<latexit sha1_base64="vfR8Ei+JKCvm0xvUnoQ8DXdY8+4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0cw8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AK/hjOA=</latexit>

R

<latexit sha1_base64="GdwyW9HE1JDlVNjy/2CuXkFje60=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6sMyIL3BTdONGqGAf0BlLJs20oUlmSDJCGeYD3Pgrblwo4tYPcOffmE5noa0HAodzzuXmHj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLWdlOFscSkgUMWyraPFGFUkIammpF2JAniPiMtf3g19lsPRCoaijs9iojHUV/QgGKkjdQtlV3G4PA+OXRS6CrKK47tXiSu5PCGNNODzDApu2pngLPEyUkZ5Kh3S19uL8QxJ0JjhpTqOHakvQRJTTEjadGNFYkQHqI+6RgqECfKS7JjUrhvlB4MQmme0DBTf08kiCs14r5JcqQHatobi/95nVgH515CRRRrIvBkURAzqEM4bgb2qCRYs5EhCEtq/grxAEmEtemvaEpwpk+eJc2jqnNaPbk9Ltcu8zoKYBfsgQpwwBmogWtQBw2AwSN4Bq/gzXqyXqx362MSnbPymR3wB9bnD+U8maM=</latexit>

⌧ k�1 ⇠ (10 MeV)�1

<latexit sha1_base64="tCR0OGrlCR9ngzQhJ9qG9oSURI8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGATxEGbE7Rj04kkimgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0KleSwfzCBBP6JdyUPOqLHS/e3jcbtQdEvuGGSeeFNShCkq7cJXqxOzNEJpmKBaNz03MX5GleFM4DDfSjUmlPVpF5uWShqh9rPxqUNyaJUOCWNlSxoyVn9PZDTSehAFtjOipqdnvZH4n9dMTXjpZ1wmqUHJJovCVBATk9HfpMMVMiMGllCmuL2VsB5VlBmbTt6G4M2+PE9qJyXvvHR2d1osX03jyME+HMAReHABZbiBClSBQRee4RXeHOG8OO/Ox6R1wZnO7MEfOJ8/wsSNeA==</latexit>

N⇤

- Long wave-length approximation, expand the spherical operators for small

<latexit sha1_base64="yKcypUJ5wFOGhrml39NEW2ZL0uk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV1R67HoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zin9Vuby/KNdu8jgKcAwncAY+VKEGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxx3jtc=</latexit>

X17

<latexit sha1_base64="peR3LSAysqkIaJTaCU8Kq5ipy3c=">AAAB8nicbVDJSgNBEK1xjXGLevTSGAQvhhlxOwa9eIxgFpiMoafTSZr0MnT3CGHIZ3jxoIhXv8abf2MnmYMmPih4vFdFVb044cxY3//2lpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsaGcSVq3zHLaSjTFIua0GQ9vJ37ziWrDlHywo4RGAvcl6zGCrZPCtmECDR+z02DcKZX9ij8FWiRBTsqQo9YpfbW7iqSCSks4NiYM/MRGGdaWEU7HxXZqaILJEPdp6KjEgpoom548RsdO6aKe0q6kRVP190SGhTEjEbtOge3AzHsT8T8vTG3vOsqYTFJLJZkt6qUcWYUm/6Mu05RYPnIEE83crYgMsMbEupSKLoRg/uVF0jirBJeVi/vzcvUmj6MAh3AEJxDAFVThDmpQBwIKnuEV3jzrvXjv3sesdcnLZw7gD7zPH58FkNY=</latexit>

⇠ k�1

<latexit sha1_base64="+mvccDIeB8R8smRL8I1rMDj64u0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw4joXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwD93I2f</latexit>

kr



<latexit sha1_base64="vfR8Ei+JKCvm0xvUnoQ8DXdY8+4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0cw8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AK/hjOA=</latexit>

R

<latexit sha1_base64="GdwyW9HE1JDlVNjy/2CuXkFje60=">AAACDHicbVDLSgMxFM34rPVVdekmWIS6sMyIL3BTdONGqGAf0BlLJs20oUlmSDJCGeYD3Pgrblwo4tYPcOffmE5noa0HAodzzuXmHj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLWdlOFscSkgUMWyraPFGFUkIammpF2JAniPiMtf3g19lsPRCoaijs9iojHUV/QgGKkjdQtlV3G4PA+OXRS6CrKK47tXiSu5PCGNNODzDApu2pngLPEyUkZ5Kh3S19uL8QxJ0JjhpTqOHakvQRJTTEjadGNFYkQHqI+6RgqECfKS7JjUrhvlB4MQmme0DBTf08kiCs14r5JcqQHatobi/95nVgH515CRRRrIvBkURAzqEM4bgb2qCRYs5EhCEtq/grxAEmEtemvaEpwpk+eJc2jqnNaPbk9Ltcu8zoKYBfsgQpwwBmogWtQBw2AwSN4Bq/gzXqyXqx362MSnbPymR3wB9bnD+U8maM=</latexit>

⌧ k�1 ⇠ (10 MeV)�1

<latexit sha1_base64="tCR0OGrlCR9ngzQhJ9qG9oSURI8=">AAAB6nicbVDJSgNBEK1xjXGLevTSGATxEGbE7Rj04kkimgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dpaDJj4oeLxXRVW9IBFcG9f9dhYWl5ZXVnNr+fWNza3tws5uTcepYlhlsYhVI6AaBZdYNdwIbCQKaRQIrAf965Fff0KleSwfzCBBP6JdyUPOqLHS/e3jcbtQdEvuGGSeeFNShCkq7cJXqxOzNEJpmKBaNz03MX5GleFM4DDfSjUmlPVpF5uWShqh9rPxqUNyaJUOCWNlSxoyVn9PZDTSehAFtjOipqdnvZH4n9dMTXjpZ1wmqUHJJovCVBATk9HfpMMVMiMGllCmuL2VsB5VlBmbTt6G4M2+PE9qJyXvvHR2d1osX03jyME+HMAReHABZbiBClSBQRee4RXeHOG8OO/Ox6R1wZnO7MEfOJ8/wsSNeA==</latexit>

N⇤

- Long wave-length approximation, expand the spherical operators for small

<latexit sha1_base64="yKcypUJ5wFOGhrml39NEW2ZL0uk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV1R67HoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zin9Vuby/KNdu8jgKcAwncAY+VKEGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxx3jtc=</latexit>

X17

<latexit sha1_base64="peR3LSAysqkIaJTaCU8Kq5ipy3c=">AAAB8nicbVDJSgNBEK1xjXGLevTSGAQvhhlxOwa9eIxgFpiMoafTSZr0MnT3CGHIZ3jxoIhXv8abf2MnmYMmPih4vFdFVb044cxY3//2lpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsaGcSVq3zHLaSjTFIua0GQ9vJ37ziWrDlHywo4RGAvcl6zGCrZPCtmECDR+z02DcKZX9ij8FWiRBTsqQo9YpfbW7iqSCSks4NiYM/MRGGdaWEU7HxXZqaILJEPdp6KjEgpoom548RsdO6aKe0q6kRVP190SGhTEjEbtOge3AzHsT8T8vTG3vOsqYTFJLJZkt6qUcWYUm/6Mu05RYPnIEE83crYgMsMbEupSKLoRg/uVF0jirBJeVi/vzcvUmj6MAh3AEJxDAFVThDmpQBwIKnuEV3jzrvXjv3sesdcnLZw7gD7zPH58FkNY=</latexit>

⇠ k�1

<latexit sha1_base64="+mvccDIeB8R8smRL8I1rMDj64u0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw4joXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwD93I2f</latexit>

kr

- Maximal kinetic energy per nucleon                   , take the non-relativistic limit of nuclear operators

only relevant for 4He and 12C

<latexit sha1_base64="tiwFmQJ6M0IYamiCT3rOzq3H9Fs=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiS+wU3RjRuhgn1AE8pketsOnUnCzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TxBzprTjfFuFpeWV1bXiemljc2t7x94tN1WUSAoNGvFItgOigLMQGpppDu1YAhEBh1Ywupn4rUeQikXhgx7H4AsyCFmfUaKN1LXLnmICnzjeVepJge+gmXXtilN1psCLxM1JBeWod+0vrxfRRECoKSdKdVwn1n5KpGaUQ1byEgUxoSMygI6hIRGg/HR6e4YPjdLD/UiaCjWeqr8nUiKUGovAdAqih2rem4j/eZ1E9y/9lIVxoiGks0X9hGMd4UkQuMckUM3HhhAqmbkV0yGRhGoTV8mE4M6/vEiax1X3vHp2f1qpXedxFNE+OkBHyEUXqIZuUR01EEVP6Bm9ojcrs16sd+tj1lqw8pk99AfW5w+S05OD</latexit>

⇠ 30 MeV

- Parametrize the effective interaction of the X boson with the following Lagrangians

- Compute the decay rated for the various       assignments in terms of known nuclear matrix elements 
<latexit sha1_base64="+XHe3ks3jLuilYBccyS2URaOTco=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi3iqYNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPpg4PHeDDPzwlQKg6775RSWlldW14rrpY3Nre2d8u5ewySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOr6d+85FrIxJ1j6OUBzHtKxEJRtFK/u1DJxXdcsWtujOQv8TLSQVy1Lvlz04vYVnMFTJJjWl7borBmGoUTPJJqZMZnlI2pH3etlTRmJtgPDt2Qo6s0iNRom0pJDP158SYxsaM4tB2xhQHZtGbiv957Qyjy2AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT4lG4K3+PJf0jipeufVs7vTSu0qj6MIB3AIx+DBBdTgBurgAwMBT/ACr45ynp03533eWnDymX34BefjG53AjpM=</latexit>

J⇡



- Decay rates for various       assignments in terms of known nuclear matrix elements
<latexit sha1_base64="+XHe3ks3jLuilYBccyS2URaOTco=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi3iqYNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPpg4PHeDDPzwlQKg6775RSWlldW14rrpY3Nre2d8u5ewySZZtxniUx0K6SGS6G4jwIlb6Wa0ziUvBkOr6d+85FrIxJ1j6OUBzHtKxEJRtFK/u1DJxXdcsWtujOQv8TLSQVy1Lvlz04vYVnMFTJJjWl7borBmGoUTPJJqZMZnlI2pH3etlTRmJtgPDt2Qo6s0iNRom0pJDP158SYxsaM4tB2xhQHZtGbiv957Qyjy2AsVJohV2y+KMokwYRMPyc9oTlDObKEMi3srYQNqKYMbT4lG4K3+PJf0jipeufVs7vTSu0qj6MIB3AIx+DBBdTgBurgAwMBT/ACr45ynp03533eWnDymX34BefjG53AjpM=</latexit>

J⇡

unknown

Beryllium

Helium

Carbon



Pseudoscalar state

-          and           data can both be fitted with nucleon couplings of 

- Pseudoscalar/pion mixing angle                                has strong bounds from SINDRUM

search for                             which gives

-          data cannot be explained via a pure CP-odd scalar. Mixed parity state?

<latexit sha1_base64="D6kaGizI5CJJh6z3RUebN6Z4t9A=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV3jgyPBi0dM5BEByezQCxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7vLjwXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1Fjp4bGcdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJyt2UyzgxKNl8UZAIYiIyfZ/0uUJmxNgSyhS3txI2pIoyY0PK2xC8xZeXSeO85F2VLu8uipVqFkcOjuEEzsCDa6jALdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifP/ZJkHg=</latexit>

8Be
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="PI/VRrqHt+hAcGwOh2blLgYfBO8=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQD4aZ4HYMevFmBLNAMoaeTk/SpGehu0cJ43yKFw+KePVLvPk3dpI5aOKDgsd7VVTVcyPOpLKsbyO3tLyyupZfL2xsbm3vmMXdpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o6uJ33qgQrIwuFPjiDo+HgTMYwQrLfXMYtIlmKObtGxb98lxNT3qmSWrYk2BFomdkRJkqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6yfT0FB1qpY+8UOgKFJqqvycS7Es59l3d6WM1lPPeRPzP68TKu3ASFkSxogGZLfJijlSIJjmgPhOUKD7WBBPB9K2IDLHAROm0CjoEe/7lRdKsVuyzyuntSal2mcWRh304gDLYcA41uIY6NIDAIzzDK7wZT8aL8W58zFpzRjazB39gfP4ARgCSuQ==</latexit>

O(10�2)

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C



- The CP-even component doesn’t contribute to the         decay

- It mediates the decay of the                      states
<latexit sha1_base64="d7Nr+jCCNOXzEEARlgIjL0sxThE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqJiSlPpZFN11WsA9oY5lMJ+3QmUmYmQglxF9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdp1v6219Y3Nre3CTnF3b//g0D46bqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTTG5nfueRSEUjca+nMfE5GgkaUoy0kQZ26SGtZWlfctggWaXqOlXvfGCXXcedA64SLydlkKM5sL/6wwgnnAiNGVKq57mx9lMkNcWMZMV+okiM8ASNSM9QgThRfjo/PoNnRhnCMJKmhIZz9fdEirhSUx6YTo70WC17M/E/r5fo8NpPqYgTTQReLAoTBnUEZ0nAIZUEazY1BGFJza0Qj5FEWJu8iiYEb/nlVdKuOt6lc3FXK9dv8jgK4AScggrwwBWogwZoghbAYAqewSt4s56sF+vd+li0rln5TAn8gfX5A07bk0E=</latexit>

4
He(20.21)

- For similar value of scalar couplings the rate is larger than the                        one 
<latexit sha1_base64="kKshn4rDhNmzCdAkcg6eA46G6L0=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARKkhISr3gquimywr2Akksk+m0HTq5MDMRSsi7uPFV3LhQihsXvovTNIK2Hhj4+P9zZs78XsSokKb5qRVWVtfWN4qbpa3tnd09ff+gLcKYY9LCIQt510OCMBqQlqSSkW7ECfI9Rjre+Hbmdx4JFzQM7uUkIq6PhgEdUIykknr6deJkl9h86LmJaZhZnS1B+lBLHO7DBkkrVcswrdO0p5d/XLgMVg5lkFezp0+dfohjnwQSMySEbZmRdBPEJcWMpCUnFiRCeIyGxFYYIJ8IN8nWS+GJUvpwEHJ1Agkz9fdEgnwhJr6nOn0kR2LRm4n/eXYsB1duQoMoliTA84cGMYMyhLPAYJ9ygiWbKECYU7UrxCPEEZYq1pIKwVr88jK0q4Z1YZzf1cr1mzyOIjgCx6ACLHAJ6qABmqAFMHgCL+ANvGvP2qs21T7mrQUtnzkEf0r7+gYiT57+</latexit>

4
He(21.01)

<latexit sha1_base64="enOADX+tbTX0+8G0WphgcjR2Vug=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhKfSyLLuyygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJIxKZdvfxtLyyuraemGjuLm1vbNr7u23ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB0Mryd++4EISePoTo0S4nHUj2hIMVJa8s1D9wZxjvzsvpq5gsM6GZcrtlVxTse+WbItewq4SJyclECOhm9+ub0Yp5xECjMkZdexE+VlSCiKGRkX3VSSBOEh6pOuphHiRHrZ9IcxPNFKD4ax0BUpOFV/T2SISznige7kSA3kvDcR//O6qQovvYxGSapIhGeLwpRBFcNJILBHBcGKjTRBWFB9K8QDJBBWOraiDsGZf3mRtCqWc26d3VZLtas8jgI4AsegDBxwAWqgDhqgCTB4BM/gFbwZT8aL8W58zFqXjHzmAPyB8fkDgTKWJQ==</latexit>

�4He(20.21)
<latexit sha1_base64="4G+nkG0NJ/ckmP35jauGIIL7GHg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhKfSyLLuyygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJIxKZdvfxtLyyuraemGjuLm1vbNr7u23ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB0Mryd++4EISePoTo0S4nHUj2hIMVJa8s1D9wZxjvzsvpq5gsM6GZcrjmU7p2PfLNmWPQVcJE5OSiBHwze/3F6MU04ihRmSsuvYifIyJBTFjIyLbipJgvAQ9UlX0whxIr1s+sMYnmilB8NY6IoUnKq/JzLEpRzxQHdypAZy3puI/3ndVIWXXkajJFUkwrNFYcqgiuEkENijgmDFRpogLKi+FeIBEggrHVtRh+DMv7xIWhXLObfObqul2lUeRwEcgWNQBg64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq1LRj5zAP7A+PwBf62WJA==</latexit>

�4He(21.01)

<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)



- The CP-even component doesn’t contribute to the         decay

- It mediates the decay of the                      states
<latexit sha1_base64="d7Nr+jCCNOXzEEARlgIjL0sxThE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqJiSlPpZFN11WsA9oY5lMJ+3QmUmYmQglxF9x40IRt36IO//GaZuFth64cDjnXu69J4gZVdp1v6219Y3Nre3CTnF3b//g0D46bqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTTG5nfueRSEUjca+nMfE5GgkaUoy0kQZ26SGtZWlfctggWaXqOlXvfGCXXcedA64SLydlkKM5sL/6wwgnnAiNGVKq57mx9lMkNcWMZMV+okiM8ASNSM9QgThRfjo/PoNnRhnCMJKmhIZz9fdEirhSUx6YTo70WC17M/E/r5fo8NpPqYgTTQReLAoTBnUEZ0nAIZUEazY1BGFJza0Qj5FEWJu8iiYEb/nlVdKuOt6lc3FXK9dv8jgK4AScggrwwBWogwZoghbAYAqewSt4s56sF+vd+li0rln5TAn8gfX5A07bk0E=</latexit>

4
He(20.21)

- For similar value of scalar couplings the rate is larger than the                        one 
<latexit sha1_base64="kKshn4rDhNmzCdAkcg6eA46G6L0=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARKkhISr3gquimywr2Akksk+m0HTq5MDMRSsi7uPFV3LhQihsXvovTNIK2Hhj4+P9zZs78XsSokKb5qRVWVtfWN4qbpa3tnd09ff+gLcKYY9LCIQt510OCMBqQlqSSkW7ECfI9Rjre+Hbmdx4JFzQM7uUkIq6PhgEdUIykknr6deJkl9h86LmJaZhZnS1B+lBLHO7DBkkrVcswrdO0p5d/XLgMVg5lkFezp0+dfohjnwQSMySEbZmRdBPEJcWMpCUnFiRCeIyGxFYYIJ8IN8nWS+GJUvpwEHJ1Agkz9fdEgnwhJr6nOn0kR2LRm4n/eXYsB1duQoMoliTA84cGMYMyhLPAYJ9ygiWbKECYU7UrxCPEEZYq1pIKwVr88jK0q4Z1YZzf1cr1mzyOIjgCx6ACLHAJ6qABmqAFMHgCL+ANvGvP2qs21T7mrQUtnzkEf0r7+gYiT57+</latexit>

4
He(21.01)

<latexit sha1_base64="enOADX+tbTX0+8G0WphgcjR2Vug=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhKfSyLLuyygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJIxKZdvfxtLyyuraemGjuLm1vbNr7u23ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB0Mryd++4EISePoTo0S4nHUj2hIMVJa8s1D9wZxjvzsvpq5gsM6GZcrtlVxTse+WbItewq4SJyclECOhm9+ub0Yp5xECjMkZdexE+VlSCiKGRkX3VSSBOEh6pOuphHiRHrZ9IcxPNFKD4ax0BUpOFV/T2SISznige7kSA3kvDcR//O6qQovvYxGSapIhGeLwpRBFcNJILBHBcGKjTRBWFB9K8QDJBBWOraiDsGZf3mRtCqWc26d3VZLtas8jgI4AsegDBxwAWqgDhqgCTB4BM/gFbwZT8aL8W58zFqXjHzmAPyB8fkDgTKWJQ==</latexit>

�4He(20.21)
<latexit sha1_base64="4G+nkG0NJ/ckmP35jauGIIL7GHg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUhKfSyLLuyygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJIxKZdvfxtLyyuraemGjuLm1vbNr7u23ZJwKTJo4ZrHoBEgSRiPSVFQx0kkEQTxgpB0Mryd++4EISePoTo0S4nHUj2hIMVJa8s1D9wZxjvzsvpq5gsM6GZcrjmU7p2PfLNmWPQVcJE5OSiBHwze/3F6MU04ihRmSsuvYifIyJBTFjIyLbipJgvAQ9UlX0whxIr1s+sMYnmilB8NY6IoUnKq/JzLEpRzxQHdypAZy3puI/3ndVIWXXkajJFUkwrNFYcqgiuEkENijgmDFRpogLKi+FeIBEggrHVtRh+DMv7xIWhXLObfObqul2lUeRwEcgWNQBg64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq1LRj5zAP7A+PwBf62WJA==</latexit>

�4He(21.01)

- Tune a cancellation of the scalar iso-scalar                 coupling
<latexit sha1_base64="yb9JZzqsOc1XPsAZqK+p7ixOyZk=">AAAB8XicbVDLSgNBEOzxGeMr6tHLYBAEIeyKr2PQi8cI5oHJssxOZpMhs7PLzKyQLPkLLx4U8erfePNvnCR70MSChqKqm+6uIBFcG8f5RkvLK6tr64WN4ubW9s5uaW+/oeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1gcDvxm09MaR7LBzNMmBeRnuQhp8RY6XHkJ/gUj3yJ/VLZqThT4EXi5qQMOWp+6avTjWkaMWmoIFq3XScxXkaU4VSwcbGTapYQOiA91rZUkohpL5tePMbHVuniMFa2pMFT9fdERiKth1FgOyNi+nrem4j/ee3UhNdexmWSGibpbFGYCmxiPHkfd7li1IihJYQqbm/FtE8UocaGVLQhuPMvL5LGWcW9rFzcn5erN3kcBTiEIzgBF66gCndQgzpQkPAMr/CGNHpB7+hj1rqE8pkD+AP0+QNELpAD</latexit>

zp + zn

- The          rate can be fitted with a                    scalar iso-vector coupling

Mixed parity state can potentially fit the three measurements

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C
<latexit sha1_base64="PI/VRrqHt+hAcGwOh2blLgYfBO8=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQD4aZ4HYMevFmBLNAMoaeTk/SpGehu0cJ43yKFw+KePVLvPk3dpI5aOKDgsd7VVTVcyPOpLKsbyO3tLyyupZfL2xsbm3vmMXdpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o6uJ33qgQrIwuFPjiDo+HgTMYwQrLfXMYtIlmKObtGxb98lxNT3qmSWrYk2BFomdkRJkqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6yfT0FB1qpY+8UOgKFJqqvycS7Es59l3d6WM1lPPeRPzP68TKu3ASFkSxogGZLfJijlSIJjmgPhOUKD7WBBPB9K2IDLHAROm0CjoEe/7lRdKsVuyzyuntSal2mcWRh304gDLYcA41uIY6NIDAIzzDK7wZT8aL8W58zFpzRjazB39gfP4ARgCSuQ==</latexit>

O(10�2)

<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)



Vector state

Protophobic to avoid NA48  
bound on

<latexit sha1_base64="cKy7jC+xrDO2BpeokgpJWP03oCs=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Arvo5BLx4jmAdk19A7mSRDZmaXmVkxLPkVLx4U8eqPePNvnCR70MSChqKqm+6uKOFMG8/7dgorq2vrG8XN0tb2zu6eu19u6jhVhDZIzGPVjkBTziRtGGY4bSeKgog4bUWjm6nfeqRKs1jem3FCQwEDyfqMgLFS1y0HCXvwcGBiHAxACMDtrlvxqt4MeJn4OamgHPWu+xX0YpIKKg3hoHXH9xITZqAMI5xOSkGqaQJkBAPasVSCoDrMZrdP8LFVergfK1vS4Jn6eyIDofVYRLZTgBnqRW8q/ud1UtO/CjMmk9RQSeaL+inH9tNpELjHFCWGjy0Bopi9FZMhKCDGxlWyIfiLLy+T5mnVv6ie351Vatd5HEV0iI7QCfLRJaqhW1RHDUTQE3pGr+jNmTgvzrvzMW8tOPnMAfoD5/MHkuGTgg==</latexit>

⇡0 ! �X

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

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

X

- Protophobia strongly constrain a combined vector explanation for         and  
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

- No combined explanation seems possible when considering also the         data 
<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C

<latexit sha1_base64="d2oRWYfq9ZTHqsiDEdURKPFHBt4=">AAACCXicbZC7TsMwFIYdrqXcAowsFhVSGagSxG2s6MLYSvQiNVHkOE5r1XaC7SBVVVcWXoWFAYRYeQM23ga3zQAtv3SkT/85R/b5w5RRpR3n21paXlldWy9sFDe3tnd27b39lkoyiUkTJyyRnRApwqggTU01I51UEsRDRtrhoDbptx+IVDQRd3qYEp+jnqAxxUgbK7Chpygn97DcCDJYM3UKG0FkKDqBHmPQDeySU3Gmgovg5lACueqB/eVFCc44ERozpFTXdVLtj5DUFDMyLnqZIinCA9QjXYMCcaL80fSSMTw2TgTjRJoSGk7d3xsjxJUa8tBMcqT7ar43Mf/rdTMdX/sjKtJME4FnD8UZgzqBk1hgRCXBmg0NICyp+SvEfSQR1ia8ognBnT95EVpnFfeyctE4L1Vv8jgK4BAcgTJwwRWogltQB02AwSN4Bq/gzXqyXqx362M2umTlOwfgj6zPH0xOl4k=</latexit>

' (QuCu �QdCd) ⌧ 1

<latexit sha1_base64="YoLT0TOc4LiFax5Zb3kwqhKaTAo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdt6OeQ==</latexit>

⇡0



Axial vector state

-        and          can be satisfied, no relevant constraint on the parameter space
- The relevant matrix-element for the         transition is unknown… Rough estimate

- For                 nucleon couplings                                                        in the ATOMKI ballpark
<latexit sha1_base64="7KD+322WnsDWdWO6OkUr15aov+U=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQD4YZicsx6MWbEcwCyRh6Oj1Jk56F7h4ljPMpXjwo4tUv8ebf2EnmoIkPCh7vVVFVz404k8qyvo3c0vLK6lp+vbCxubW9YxZ3mzKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljq4mfuuBCsnC4E6NI+r4eBAwjxGstNQzi0mXYI5u0rJt3SfH1fSoZ5asijUFWiR2RkqQod4zv7r9kMQ+DRThWMqObUXKSbBQjHCaFrqxpBEmIzygHU0D7FPpJNPTU3SolT7yQqErUGiq/p5IsC/l2Hd1p4/VUM57E/E/rxMr78JJWBDFigZktsiLOVIhmuSA+kxQovhYE0wE07ciMsQCE6XTKugQ7PmXF0nzpGKfVU5vq6XaZRZHHvbhAMpgwznU4Brq0AACj/AMr/BmPBkvxrvxMWvNGdnMHvyB8fkDSQySuw==</latexit>

O(10�4)

<latexit sha1_base64="Zq2RIjYME0IPqqnCN3XUdu5RwOw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKjxxDvHiMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkntzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ1oKUyTgxIOli0TDh2ER4FgAeMAXU8KklhCpmb8V0TBShxsZUsiF4yy+vkvZF1buuXt1fVuqNPI4iOkGn6Bx56AbV0R1qohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMHfkYQ=</latexit>

8Be
<latexit sha1_base64="8Oo6fiZasB8/zlXk4B2AfqtVcxM=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKexKfByDXnKMYB6QXcPspJMMmZldZmaFsOxvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0likKLRjxS3ZBo4ExCyzDDoRsrICLk0AkndzO/8wRKs0g+mGkMgSAjyYaMEmMl/zGtZamvBG5A1i9X3Ko7B14lXk4qKEezX/7yBxFNBEhDOdG657mxCVKiDKMcspKfaIgJnZAR9CyVRIAO0vnNGT6zygAPI2VLGjxXf0+kRGg9FaHtFMSM9bI3E//zeokZ3gQpk3FiQNLFomHCsYnwLAA8YAqo4VNLCFXM3orpmChCjY2pZEPwll9eJe2LqndVvbyvVeq3eRxFdIJO0Tny0DWqowZqohaiKEbP6BW9OYnz4rw7H4vWgpPPHKM/cD5/AMTPkYY=</latexit>

4
He

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C

Axial state can potentially fit all three measurements



The PADME search

- The X boson must couple to electrons and can be produced in               scattering 
<latexit sha1_base64="fVPoG+wXDPWb5hF0pp4IEvw8ZE0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEMeyKr2PQi8cI5gHJJsxOOsmQ2dllZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsriAXXxnW/naXlldW19dxGfnNre2e3sLdf01GiGFZZJCLVCKhGwSVWDTcCG7FCGgYC68HwbuLXn1BpHslHM4rRD2lf8h5n1Fipju1Tgu2zTqHoltwpyCLxMlKEDJVO4avVjVgSojRMUK2bnhsbP6XKcCZwnG8lGmPKhrSPTUslDVH76fTcMTm2Spf0ImVLGjJVf0+kNNR6FAa2M6RmoOe9ifif10xM78ZPuYwTg5LNFvUSQUxEJr+TLlfIjBhZQpni9lbCBlRRZmxCeRuCN//yIqmdl7yr0uXDRbF8m8WRg0M4ghPw4BrKcA8VqAKDITzDK7w5sfPivDsfs9YlJ5s5gD9wPn8AHKuOyA==</latexit>

e+e�

- It has been proposed to search for X in production via resonant annihilation of positron beam 
on atomic electrons in a fixed target 

-

 [Nardi+ 1802.04756, Darme’+ 2209.09261 ]

- Electron coupling of a light boson constrained by a multitude of experiments

- Data taking over, data analysis ongoing. Results expected in Summer 2024 
-
- See also PADME talk at WIFAI-2023 conference 
-

https://agenda.infn.it/event/36965/contributions/212980/attachments/112868/161440/Raggi_WIFAI.pdf


Possible UV completion ?

- Minimal possibility for a light vector is to assume the SM Lagrangian to be invariant under a                    
a            symmetry 

<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- The               charges are then a combination of     ,       ,
<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- After EWSB the X charges acquire a contribution from weak isospin 

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="x5GoQmRYVBO3RCNDDxzsan8sBH8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPEc0DkiXMTnqTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W4+oNI/lgxkn6Ed0IHnIGTVWur/t8V654lbdGchf4uWkAjnqvfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyZJU+CWNlSxoyU39OZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+/Jc0T6reefXs7rRSu8rjKMIBHMIxeHABNbiBOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc3IMiNtg==</latexit>

Li
<latexit sha1_base64="yGfyrjVzwfzFSrKKF0B4BLJk0+w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5GFgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALp9jOc=</latexit>

Y
<latexit sha1_base64="2DUbZVWV3Hp9deCdpwl1OTr39bs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIyYFyRrmJ1MkiGzs8tMrxCWfIIXD4p49Yu8+TdOkj1otKChqOqmuyuIpTDoul9Obml5ZXUtv17Y2Nza3inu7jVMlGjG6yySkW4F1HApFK+jQMlbseY0DCRvBqObqd985NqISNVwHHM/pAMl+oJRtNJ97eG0Wyy5ZXcG8pd4GSlBhmq3+NnpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09mpE3JklR7pR9qWQjJTf06kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9G/SE5ozlGNLKNPC3krYkGrK0KZTsCF4iy//JY2TsndRPr87K1WuszjycACHcAweXEIFbqEKdWAwgCd4gVdHOs/Om/M+b8052cw+/ILz8Q3ZjI2H</latexit>

T 3

- The axial coupling are given by
<latexit sha1_base64="FVCo7pzclNZpsIVaQPHRuXunazk=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKbiwz4m0jVLtxWcFeoK1DJnPahmYyY5IplNIXcOOruHGhiFv37nwbM20Rbf0h8OU/55Cc34s4U9q2v6zU3PzC4lJ6ObOyura+kd3cqqgwlhTKNOShrHlEAWcCypppDrVIAgk8DlWvW0zq1R5IxUJxq/sRNAPSFqzFKNHGcrN7RffyLsYX+BAn5P8Q4Abcx6yXXNxszs7bI+FZcCaQQxOV3Oxnww9pHIDQlBOl6o4d6eaASM0oh2GmESuICO2SNtQNChKAag5G2wzxvnF83AqlOULjkft7YkACpfqBZzoDojtqupaY/9XqsW6dNwdMRLEGQccPtWKOdYiTaLDPJFDN+wYIlcz8FdMOkYRqE2DGhOBMrzwLlaO8c5o/uTnOFa4mcaTRDtpFB8hBZ6iArlEJlRFFD+gJvaBX69F6tt6s93FryprMbKM/sj6+Ae69mFs=</latexit>

Cu
A = �Cd

A = �Ce
A ⌘ CA

- The vector coupling to up and down quarks are independent combinations of      and  
<latexit sha1_base64="Y1hJizHldN0mHgwN50bchS+3n+E=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV671S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHrl2M3w==</latexit>

Q
<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B

- Atomic parity violation experiments enforce a strong bound

- It can be satisfied by tuning                           which gives 
<latexit sha1_base64="t4OfrmiPGJoWCy8vUu2UWfumiq0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3BgSUeuy2I3LCvYBbQyT6aQdOjMJMxOh1C78FTcuFHHrb7jzb5y0WWjrgQuHc+7l3nvChFGlXffbKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBYy/zWA5GKxuJOjxLic9QXNKIYaSMF9kEtaN4LCLuKcnjqOhWYCUlgl13HnQIuEi8nZZCjHthf3V6MU06Exgwp1fHcRPtjJDXFjExK3VSRBOEh6pOOoQJxovzx9P4JPDZKD0axNCU0nKq/J8aIKzXioenkSA/UvJeJ/3mdVEdX/piKJNVE4NmiKGVQxzALA/aoJFizkSEIS2puhXiAJMLaRFYyIXjzLy+S5pnjXToXt+fl6nUeRxEcgiNwAjxQAVVwA+qgATB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwBvMuUAg==</latexit>

Cn
V ⇠ �0.7Cp

V

- However the          and the           anomalies cannot be simultaneously satisfied  
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He



- Minimal possibility for a light vector is to assume the SM Lagrangian to be invariant under a                    
a            symmetry 

<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- The               charges are then a combination of     ,       ,
<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- After EWSB the X charges acquire a contribution from weak isospin 

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="x5GoQmRYVBO3RCNDDxzsan8sBH8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPEc0DkiXMTnqTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W4+oNI/lgxkn6Ed0IHnIGTVWur/t8V654lbdGchf4uWkAjnqvfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyZJU+CWNlSxoyU39OZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+/Jc0T6reefXs7rRSu8rjKMIBHMIxeHABNbiBOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc3IMiNtg==</latexit>

Li
<latexit sha1_base64="yGfyrjVzwfzFSrKKF0B4BLJk0+w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5GFgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALp9jOc=</latexit>

Y
<latexit sha1_base64="2DUbZVWV3Hp9deCdpwl1OTr39bs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIyYFyRrmJ1MkiGzs8tMrxCWfIIXD4p49Yu8+TdOkj1otKChqOqmuyuIpTDoul9Obml5ZXUtv17Y2Nza3inu7jVMlGjG6yySkW4F1HApFK+jQMlbseY0DCRvBqObqd985NqISNVwHHM/pAMl+oJRtNJ97eG0Wyy5ZXcG8pd4GSlBhmq3+NnpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09mpE3JklR7pR9qWQjJTf06kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9G/SE5ozlGNLKNPC3krYkGrK0KZTsCF4iy//JY2TsndRPr87K1WuszjycACHcAweXEIFbqEKdWAwgCd4gVdHOs/Om/M+b8052cw+/ILz8Q3ZjI2H</latexit>

T 3

- The axial coupling are given by
<latexit sha1_base64="FVCo7pzclNZpsIVaQPHRuXunazk=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKbiwz4m0jVLtxWcFeoK1DJnPahmYyY5IplNIXcOOruHGhiFv37nwbM20Rbf0h8OU/55Cc34s4U9q2v6zU3PzC4lJ6ObOyura+kd3cqqgwlhTKNOShrHlEAWcCypppDrVIAgk8DlWvW0zq1R5IxUJxq/sRNAPSFqzFKNHGcrN7RffyLsYX+BAn5P8Q4Abcx6yXXNxszs7bI+FZcCaQQxOV3Oxnww9pHIDQlBOl6o4d6eaASM0oh2GmESuICO2SNtQNChKAag5G2wzxvnF83AqlOULjkft7YkACpfqBZzoDojtqupaY/9XqsW6dNwdMRLEGQccPtWKOdYiTaLDPJFDN+wYIlcz8FdMOkYRqE2DGhOBMrzwLlaO8c5o/uTnOFa4mcaTRDtpFB8hBZ6iArlEJlRFFD+gJvaBX69F6tt6s93FryprMbKM/sj6+Ae69mFs=</latexit>

Cu
A = �Cd

A = �Ce
A ⌘ CA

- The vector coupling to up and down quarks are independent combinations of      and  
<latexit sha1_base64="Y1hJizHldN0mHgwN50bchS+3n+E=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV671S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHrl2M3w==</latexit>

Q
<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B

- Atomic parity violation experiments enforce a strong bound

- It can be satisfied by tuning                           which gives 
<latexit sha1_base64="t4OfrmiPGJoWCy8vUu2UWfumiq0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3BgSUeuy2I3LCvYBbQyT6aQdOjMJMxOh1C78FTcuFHHrb7jzb5y0WWjrgQuHc+7l3nvChFGlXffbKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBYy/zWA5GKxuJOjxLic9QXNKIYaSMF9kEtaN4LCLuKcnjqOhWYCUlgl13HnQIuEi8nZZCjHthf3V6MU06Exgwp1fHcRPtjJDXFjExK3VSRBOEh6pOOoQJxovzx9P4JPDZKD0axNCU0nKq/J8aIKzXioenkSA/UvJeJ/3mdVEdX/piKJNVE4NmiKGVQxzALA/aoJFizkSEIS2puhXiAJMLaRFYyIXjzLy+S5pnjXToXt+fl6nUeRxEcgiNwAjxQAVVwA+qgATB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwBvMuUAg==</latexit>

Cn
V ⇠ �0.7Cp

V

- However the          and the           anomalies cannot be simultaneously satisfied  
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

Possible UV completion ?



- Minimal possibility for a light vector is to assume the SM Lagrangian to be invariant under a                    
a            symmetry 

<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- The               charges are then a combination of     ,       ,
<latexit sha1_base64="XNlK4JOOkbkIHUbJ2JLa5Mixs6s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUsevFYwW0L7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9pr98oVt+bOgJaJl5MK5Gj0yl/dviRpTIUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6DjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PmWc27rF3cn1fqN3kcRTiCY6iCB1dQhztogA8EHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4ASxOOTg==</latexit>

U(1)X

- After EWSB the X charges acquire a contribution from weak isospin 

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="x5GoQmRYVBO3RCNDDxzsan8sBH8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPEc0DkiXMTnqTIbOzy8ysEJZ8ghcPinj1i7z5N06SPWi0oKGo6qa7K0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W4+oNI/lgxkn6Ed0IHnIGTVWur/t8V654lbdGchf4uWkAjnqvfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyZJU+CWNlSxoyU39OZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+/Jc0T6reefXs7rRSu8rjKMIBHMIxeHABNbiBOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc3IMiNtg==</latexit>

Li
<latexit sha1_base64="yGfyrjVzwfzFSrKKF0B4BLJk0+w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5GFgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+gWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+ALp9jOc=</latexit>

Y
<latexit sha1_base64="2DUbZVWV3Hp9deCdpwl1OTr39bs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIyYFyRrmJ1MkiGzs8tMrxCWfIIXD4p49Yu8+TdOkj1otKChqOqmuyuIpTDoul9Obml5ZXUtv17Y2Nza3inu7jVMlGjG6yySkW4F1HApFK+jQMlbseY0DCRvBqObqd985NqISNVwHHM/pAMl+oJRtNJ97eG0Wyy5ZXcG8pd4GSlBhmq3+NnpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09mpE3JklR7pR9qWQjJTf06kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9G/SE5ozlGNLKNPC3krYkGrK0KZTsCF4iy//JY2TsndRPr87K1WuszjycACHcAweXEIFbqEKdWAwgCd4gVdHOs/Om/M+b8052cw+/ILz8Q3ZjI2H</latexit>

T 3

- The axial coupling are given by
<latexit sha1_base64="FVCo7pzclNZpsIVaQPHRuXunazk=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAKbiwz4m0jVLtxWcFeoK1DJnPahmYyY5IplNIXcOOruHGhiFv37nwbM20Rbf0h8OU/55Cc34s4U9q2v6zU3PzC4lJ6ObOyura+kd3cqqgwlhTKNOShrHlEAWcCypppDrVIAgk8DlWvW0zq1R5IxUJxq/sRNAPSFqzFKNHGcrN7RffyLsYX+BAn5P8Q4Abcx6yXXNxszs7bI+FZcCaQQxOV3Oxnww9pHIDQlBOl6o4d6eaASM0oh2GmESuICO2SNtQNChKAag5G2wzxvnF83AqlOULjkft7YkACpfqBZzoDojtqupaY/9XqsW6dNwdMRLEGQccPtWKOdYiTaLDPJFDN+wYIlcz8FdMOkYRqE2DGhOBMrzwLlaO8c5o/uTnOFa4mcaTRDtpFB8hBZ6iArlEJlRFFD+gJvaBX69F6tt6s93FryprMbKM/sj6+Ae69mFs=</latexit>

Cu
A = �Cd

A = �Ce
A ⌘ CA

- The vector coupling to up and down quarks are independent combinations of      and  
<latexit sha1_base64="Y1hJizHldN0mHgwN50bchS+3n+E=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV671S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHrl2M3w==</latexit>

Q
<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B

- Atomic parity violation experiments enforce a strong bound

- It can be satisfied by tuning                           which gives 
<latexit sha1_base64="t4OfrmiPGJoWCy8vUu2UWfumiq0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3BgSUeuy2I3LCvYBbQyT6aQdOjMJMxOh1C78FTcuFHHrb7jzb5y0WWjrgQuHc+7l3nvChFGlXffbKiwtr6yuFddLG5tb2zv27l5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBYy/zWA5GKxuJOjxLic9QXNKIYaSMF9kEtaN4LCLuKcnjqOhWYCUlgl13HnQIuEi8nZZCjHthf3V6MU06Exgwp1fHcRPtjJDXFjExK3VSRBOEh6pOOoQJxovzx9P4JPDZKD0axNCU0nKq/J8aIKzXioenkSA/UvJeJ/3mdVEdX/piKJNVE4NmiKGVQxzALA/aoJFizkSEIS2puhXiAJMLaRFYyIXjzLy+S5pnjXToXt+fl6nUeRxEcgiNwAjxQAVVwA+qgATB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwBvMuUAg==</latexit>

Cn
V ⇠ �0.7Cp

V

- However the          and the           anomalies cannot be simultaneously satisfied  
<latexit sha1_base64="agH4aWxr2cLpxtEn27rubfiKb+A=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHBzWTGiLIkuHGJiTwSGEmndKCh7UzajoaMfIobFxrj1i9x599YYBYKnuQmJ+fcm3vvCWJGlXbdbyu3tr6xuZXfLuzs7u0f2MXDlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB+Hrmtx+IVDQSd3oSE5+joaAhxUgbqW8X76tpT3JYJ9OyV3W8ylnfLrmOOwdcJV5GSiBDo29/9QYRTjgRGjOkVNdzY+2nSGqKGZkWeokiMcJjNCRdQwXiRPnp/PQpPDXKAIaRNCU0nKu/J1LElZrwwHRypEdq2ZuJ/3ndRIdVP6UiTjQReLEoTBjUEZzlAAdUEqzZxBCEJTW3QjxCEmFt0iqYELzll1dJ69zxLp3K7UWpVs/iyINjcALKwANXoAZuQAM0AQaP4Bm8gjfryXqx3q2PRWvOymaOwB9Ynz+IapI9</latexit>

8Be(18.15)
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

- Non minimal possibility have been attempted, tightly constrained
 [Feng+ 1608.03591, Delle Rose+ 1704.03436 , 1811.07953, Kozaczuk 1612.01525  ]

Possible UV completion ?



Conclusions

- Three anomalies in nuclear transitions of         ,         and           excited nuclei 

- Statistical significance is very strong

- No clear SM explanation in terms of nuclear physics effects

- Present data are from a single experiment, need an independent confirmation

- The kinematic of the 3 anomalies points to the possibility of a single particle explanation, 
a new boson with mass of

- Effective theories for different spin/parity assignments seem to favor axial and 
pseudoscalar candidates over the vector one, after the latest Carbon measurements

<latexit sha1_base64="D6kaGizI5CJJh6z3RUebN6Z4t9A=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSEw8kV3jgyPBi0dM5BEByezQCxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7vLjwXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1Fjp4bGcdlRIqjjpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhSsME1brtubHpplQZzgRO8p1EY0zZiA6wbamkIepuOrt4Qk6t0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJyt2UyzgxKNl8UZAIYiIyfZ/0uUJmxNgSyhS3txI2pIoyY0PK2xC8xZeXSeO85F2VLu8uipVqFkcOjuEEzsCDa6jALdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifP/ZJkHg=</latexit>

8Be
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="fiIePbNwX13Lk0FZ/obSV7OTsdg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGX8dgLh4jmAdk1zA7mSRDZmaXmVkhLPsbXjwo4tWf8ebfOEn2oIkFDUVVN91dYcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pbog15UzSlmGG026sKBYhp51w0pj5nSeqNIvkg5nGNBB4JNmQEWys5D+mXi1LfSVQI+uXK27VnQOtEi8nFcjR7Je//EFEEkGlIRxr3fPc2AQpVoYRTrOSn2gaYzLBI9qzVGJBdZDOb87QmVUGaBgpW9Kgufp7IsVC66kIbafAZqyXvZn4n9dLzPAmSJmME0MlWSwaJhyZCM0CQAOmKDF8agkmitlbERljhYmxMZVsCN7yy6ukXat6V9XL+4tK/TaPowgncArn4ME11OEOmtACAjE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/adORSw==</latexit>

12C

<latexit sha1_base64="I8iYnSAxHAT8UNfmvzUe7D6PX4Y=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiaj0WvXisYD+gCWWz3aRLd5OwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo5JMEtomCU9kL8CKchbTtmaa014qKRYBp91gfDvzu49UKpbED3qSUl/gKGYhI1gbaWBXvUgbV6CGp1gk8MCuOXVnDrRK3ILUoEBrYH95w4RkgsaacKxU33VS7edYakY4nVa8TNEUkzGOaN/QGAuq/Hx++BSdGmWIwkSaijWaq78nciyUmojAdAqsR2rZm4n/ef1Mh9d+zuI00zQmi0VhxpFO0CwFNGSSEs0nhmAimbkVkRGWmGiTVcWE4C6/vEo653X3qn55f1Fr3hRxlOEYTuAMXGhAE+6gBW0gkMEzvMKb9WS9WO/Wx6K1ZBUzR/AH1ucPgWGTAQ==</latexit>& 7�

<latexit sha1_base64="1ErFbz8Q4FEK1M9NeXVGbyWC2eU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIWsFL0YsXoYL9gCaUzXbaLt1Nwu5GLCF/xYsHRbz6R7z5b9y2OWjrg4HHezPMzAtizpR2nG+rsLK6tr5R3Cxtbe/s7tn75ZaKEkmhSSMeyU5AFHAWQlMzzaETSyAi4NAOxjdTv/0IUrEofNCTGHxBhiEbMEq0kXp22VNMYLfmXaWeFPgOWlnPrjhVZwa8TNycVFCORs/+8voRTQSEmnKiVNd1Yu2nRGpGOWQlL1EQEzomQ+gaGhIByk9nt2f42Ch9PIikqVDjmfp7IiVCqYkITKcgeqQWvan4n9dN9ODST1kYJxpCOl80SDjWEZ4GgftMAtV8YgihkplbMR0RSag2cZVMCO7iy8ukdVp1L6rn92eV+nUeRxEdoiN0glxUQ3V0ixqoiSh6Qs/oFb1ZmfVivVsf89aClc8coD+wPn8AmpyTiA==</latexit>

⇠ 17 MeV

- PADME experiment at LNF will soon release results of a dedicated searches; 
other experiments have planned to do similar analyses





Non-relativistic expansion of nucleon operators



Nuclear operators matrix elements



Nuclear operators matrix elements



Atomic parity violation





• One can then compute the relevant spherical operators and, finally, the BSM decay rates

• The matrix elements of                                  and              
<latexit sha1_base64="v0S4gTJ0kaD1l+Ejh8j8SiqXSEo=">AAACCHicbVC7TsNAEDzzDOFloKTgRIREFdm8ywgoKINEHlIcrPXlnJxyPlt3Z6TISknDr9BQgBAtn0DH33BxUkDCSCuNZna1uxMknCntON/W3PzC4tJyYaW4ura+sWlvbddVnEpCayTmsWwGoChngtY005w2E0khCjhtBP2rkd94oFKxWNzpQULbEXQFCxkBbSTf3vM4iC6n2OuBxtf+8b2nWDcC7Mlc9+2SU3Zy4FniTkgJTVD17S+vE5M0okITDkq1XCfR7QykZoTTYdFLFU2A9KFLW4YKiKhqZ/kjQ3xglA4OY2lKaJyrvycyiJQaRIHpjED31LQ3Ev/zWqkOL9oZE0mqqSDjRWHKsY7xKBXcYZISzQeGAJHM3IpJDyQQbbIrmhDc6ZdnSf2o7J6VT29PSpXLSRwFtIv20SFy0TmqoBtURTVE0CN6Rq/ozXqyXqx362PcOmdNZnbQH1ifP7VnmSk=</latexit>

hD̂�
3 i

<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=    are not known  

• E.g. for         transition with vector state                 only          contributes 
<latexit sha1_base64="ZGvKGhCZ+FN6vBhoAi+wdqVVNWc=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRC0dM5BFhJbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqz08HiedlRIqjjpFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2bssX9ydlyo3WRx5OIJjOAUPrqACVahBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP/k9kHo=</latexit>

4
He

<latexit sha1_base64="AZbAoa894yEcw9cED5hQBoJjLuc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKcyKr2PQixchgnlAsoTZyWwyZHZ2nZkNhGW/w4sHRbz6Md78GyfJHjSxoKGo6qa7y48F1wbjb6ewsrq2vlHcLG1t7+zulfcPmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR7dTvzVmSvNIPppJzLyQDCQPOCXGSl7apUSg+6yXYpz1yhVcxTOgZeLmpAI56r3yV7cf0SRk0lBBtO64ODZeSpThVLCs1E00iwkdkQHrWCpJyLSXzo7O0IlV+iiIlC1p0Ez9PZGSUOtJ6NvOkJihXvSm4n9eJzHBtZdyGSeGSTpfFCQCmQhNE0B9rhg1YmIJoYrbWxEdEkWosTmVbAju4svLpHlWdS+rFw/nldpNHkcRjuAYTsGFK6jBHdShARSe4Ble4c0ZOy/Ou/Mxby04+cwh/IHz+QMa75Gu</latexit>

M00

<latexit sha1_base64="BUlomVgHmi/dU3LdqoKLLT79jp4="></latexit>

= � k2

6
p
4⇡

X

i

Cir
2
i ⌘ �e2k2

6
⇢(X)

<latexit sha1_base64="gRjddVR2+1uN4PyIn+LrPuKYUfU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi5C0It4imAesNmE2ckkGTI7s8z0CmHJZ3jxoIhXv8abf+Mk2YMmFjQUVd10d4Wx4AZc99vJLS2vrK7l1wsbm1vbO8XdvbpRiaasRpVQuhkSwwSXrAYcBGvGmpEoFKwRDm8nfuOJacOVfIRRzIKI9CXvcUrASv59uxVzfI299kmnWHLL7hR4kXgZKaEM1U7xq9VVNImYBCqIMb7nxhCkRAOngo0LrcSwmNAh6TPfUkkiZoJ0evIYH1mli3tK25KAp+rviZRExoyi0HZGBAZm3puI/3l+Ar2rIOUyToBJOlvUSwQGhSf/4y7XjIIYWUKo5vZWTAdEEwo2pYINwZt/eZHUT8veRfn84axUucniyKMDdIiOkYcuUQXdoSqqIYoUekav6M0B58V5dz5mrTknm9lHf+B8/gBj2ZAI</latexit>

J⇡ = 1�


