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β-decay:

Electron capture:
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jµ• Current-current form of weak-
interaction Hamiltonian:

• First-order time-dependent 
perturbation theory (Fermi rule):
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𝛽±:

[W. Bambynek, H. Behrens, et al., Rev. Mod. Phys. 49, 77 (1977). ]
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𝑝 electron momentum, 
𝑞 neutrino momentumDepends on kinematics
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FRIB-TA: Future directions in nuclear beta decay at FRIB



Ground state

Solve relativistic Hartree-Bogoliubov equation:

Quadrupole constraint (𝛽!) potential energy curve (PEC):

ℎ: mean field, Δ: pairing field, 𝐸": q.p. energies
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Density Functional Theory
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[J. Meng, Relativistic density functional for nuclear structure. Vol. 10.
 World Scientific  (2016).]
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F̂ =
X

pn

Fpna
†
pan

<latexit sha1_base64="TCziOzHxCtIZpF+9gCrbIhw0e/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBahgpRE/DoWvXiSCqYttqFstpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6g4lYR6JOaxbAVYUc4E9TTTnLYSSXEUcNoMhjcTv/lEpWKxeNCjhPoR7gsWMoK1kbzK48ndcdcuO1VnCrRI3JyUIUe9a391ejFJIyo04Viptusk2s+w1IxwOi51UkUTTIa4T9uGChxR5WfTY8foyCg9FMbSlNBoqv6eyHCk1CgKTGeE9UDNexPxP6+d6vDKz5hIUk0FmS0KU450jCafox6TlGg+MgQTycytiAywxESbfEomBHf+5UXSOK26F9Xz+7Ny7TqPowgHcAgVcOESanALdfCAAINneIU3S1gv1rv1MWstWPnMPvyB9fkDhbuN2w==</latexit>

(Z,N)

<latexit sha1_base64="JZaUorBQE2SOdnO0KJfCitGovLk=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAiatgVX8egF08SwTw0WcLsZJIMmZldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gogzbVz325mbX1hcWs6sZFfX1jc2c1vbVR3GitAKCXmo6gHWlDNJK4YZTuuRolgEnNaC/vXIrz1RpVko780gor7AXck6jGBjpYfC46F3dHvsHbRyebfojoFmiZeSPKQot3JfzXZIYkGlIRxr3fDcyPgJVoYRTofZZqxphEkfd2nDUokF1X4yPniI9q3SRp1Q2ZIGjdXfEwkWWg9EYDsFNj097Y3E/7xGbDqXfsJkFBsqyWRRJ+bIhGj0PWozRYnhA0swUczeikgPK0yMzShrQ/CmX54l1ZOid148uzvNl67SODKwC3tQAA8uoAQ3UIYKEBDwDK/w5ijnxXl3Piatc046swN/4Hz+ADj7jr0=</latexit>

(Z + 1, N � 1)

𝐄𝐂	scheme:

<latexit sha1_base64="IEswn4qwcSLUqXI2l8cwb0vvlVc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQEI8RzAOSJcxOZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilVndIMbub9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOyEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6e+kLzRnKMeWUKaFvZWwIdWUoU2oZEPwFl9eJs2zqndZvXg4r9Ru8jiKcATHcAoeXEEN7qEODWAwgmd4hTcncV6cd+dj3lpw8plD+APn8wdngo+h</latexit>

F̂

<latexit sha1_base64="OlKAr27253BETuPuuP4mnaJIB7E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68WYE84BkCbOT3mTIzOw6MyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090VJpxp43nfztLyyuraemGjuLm1vbNb2ttv6DhVFOs05rFqhUQjZxLrhhmOrUQhESHHZji8mfjNJ1SaxfLBjBIMBOlLFjFKjJVanTuBfdL1u6WyV/GmcBeJn5My5Kh1S1+dXkxTgdJQTrRu+15igowowyjHcbGTakwIHZI+ti2VRKAOsum9Y/fYKj03ipUtadyp+nsiI0LrkQhtpyBmoOe9ifif105NdBVkTCapQUlni6KUuyZ2J8+7PaaQGj6yhFDF7K0uHRBFqLERFW0I/vzLi6RxWvEvKuf3Z+XqdR5HAQ7hCE7Ah0uowi3UoA4UODzDK7w5j86L8+58zFqXnHzmAP7A+fwBi4ePqQ==</latexit>

⌦1

<latexit sha1_base64="J3Zn6LPhorrZQUDu7FXxnKUFcaA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuzsbDJmdmeZ6Q2EkH/w4kERr/6PN//GSbIHTSxoKKq66e4KUikMuu63s7K6tr6xWdgqbu/s7u2XDg4bRmWa8TpTUulWQA2XIuF1FCh5K9WcxoHkzWBwN/WbQ66NUMkjjlLux7SXiEgwilZqdIahQtMtld2KOwNZJl5OypCj1i19dULFspgnyCQ1pu25KfpjqlEwySfFTmZ4StmA9njb0oTG3Pjj2bUTcmqVkERK20qQzNTfE2MaGzOKA9sZU+ybRW8q/ue1M4xu/LFI0gx5wuaLokwSVGT6OgmF5gzlyBLKtLC3EtanmjK0ARVtCN7iy8ukcV7xriqXDxfl6m0eRwGO4QTOwINrqMI91KAODJ7gGV7hzVHOi/PufMxbV5x85gj+wPn8Ac6vj0w=</latexit>...

<latexit sha1_base64="Q124jV1ijQ+7f4vrax2YfuOXxfk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQizcjmAdmlzA76U2GzMwuM7NCCPkLLx4U8erfePNvnCR70GhBQ1HVTXdXlHKmjed9OYWl5ZXVteJ6aWNza3unvLvX1EmmKDZowhPVjohGziQ2DDMc26lCIiKOrWh4PfVbj6g0S+S9GaUYCtKXLGaUGCs9BLcC+6QbyKxbrnhVbwb3L/FzUoEc9W75M+glNBMoDeVE647vpSYcE2UY5TgpBZnGlNAh6WPHUkkE6nA8u3jiHlml58aJsiWNO1N/ToyJ0HokItspiBnoRW8q/ud1MhNfhmMm08ygpPNFccZdk7jT990eU0gNH1lCqGL2VpcOiCLU2JBKNgR/8eW/pHlS9c+rZ3enldpVHkcRDuAQjsGHC6jBDdShARQkPMELvDraeXbenPd5a8HJZ/bhF5yPb3UxkMs=</latexit>

⌦⌫

<latexit sha1_base64="GbvZShCCcVTRH8ReOV0CWgKLL/Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqx6LRfDYgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywrs389hNVmknxYCYx9SM8FCxkBBsrtRr99K427RdLbtmdA60SLyMlyFDvF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n82ik6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE974KRNxYqggi0VhwpGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGBD8JZfXiWti7J3Va40LkvV2yyOPJzAKZyDB9dQhXuoQxMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwBQmyO8A==</latexit>

QEC

<latexit sha1_base64="MHYYQvP7X3Ri8MfGeQ0XuHMFlhQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsq9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy0eiBwOOdecu4JYikMuu6XU1haXlldK66XNja3tnfKu3tNEyWa8QaLZKTbATVcCsUbKFDydqw5DQPJW8H4OvNbj1wbEal7nMTcD+lQiYFgFK300A0pjoIgvZv2yhW36s5A/hIvJxXIUe+VP7v9iCUhV8gkNabjuTH6KdUomOTTUjcxPKZsTIe8Y6miITd+Oks8JUdW6ZNBpO1TSGbqz42UhsZMwsBOZgnNopeJ/3mdBAeXfipUnCBXbP7RIJEEI5KdT/pCc4ZyYgllWtishI2opgxtSSVbgrd48l/SPKl659Wz29NK7SqvowgHcAjH4MEF1OAG6tAABgqe4AVeHeM8O2/O+3y04OQ7+/ALzsc3wJ+Q/A==</latexit>R <latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="I3V3/Oyx3kM5TRO8J/69ocWqLcg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KKfUATy2Q6aYdOJmEeQgn9DTcuFHHrz7jzb5y0WWj1wMDhnHu5Z06Ycqa06345paXlldW18nplY3Nre6e6u9dWiZGEtkjCE9kNsaKcCdrSTHPaTSXFcchpJxxf537nkUrFEnGvJykNYjwULGIEayv5foz1KAyzu+mD26/W3Lo7A/pLvILUoECzX/30BwkxMRWacKxUz3NTHWRYakY4nVZ8o2iKyRgPac9SgWOqgmyWeYqOrDJAUSLtExrN1J8bGY6VmsShncwzqkUvF//zekZHl0HGRGo0FWR+KDIc6QTlBaABk5RoPrEEE8lsVkRGWGKibU0VW4K3+OW/pH1S987rZ7entcZVUUcZDuAQjsGDC2jADTShBQRSeIIXeHWM8+y8Oe/z0ZJT7OzDLzgf3+pakZ4=</latexit>

R0 <latexit sha1_base64="0LZ1G2qJYL5WHnZNraq6P7EUTDw=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVB2pr2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDyDiRAQ==</latexit>

W

Excited states

[A. Ravlić, Y.F. Niu et al., PRC 104, 064302 (2021).]

[A. Ravlić, T. Niksic et al., PRC 110, 024323, (2024).]

Quasiparticle Random-Phase Approximation (QRPA)

Strength

<latexit sha1_base64="DELtbWNarnRNLOxIHNyKKQwD8ms=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQzcRvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBS/Y3X</latexit>⇡
<latexit sha1_base64="vkrErj61/swUPDqyYwJR1im9I+k=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAzlkyaaUOTTEgyQin9CzcuFHHr37jzb0zbWWjrgQuHc+7l3ntixZmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GSTNNaJ2kPNWtGBvKmaR1yyynLaUpFjGnzXhwM/GbT1Qblsp7O1Q0ErgnWcIItk56CBV7DJVmgnZKZb/iT4EWSZCTMuSodUpfYTclmaDSEo6NaQe+stEIa8sIp+NimBmqMBngHm07KrGgJhpNLx6jY6d0UZJqV9Kiqfp7YoSFMUMRu06Bbd/MexPxP6+d2eQqGjGpMkslmS1KMo5siibvoy7TlFg+dAQTzdytiPSxxsS6kIouhGD+5UXSOK0EF5Xzu7Ny9TqPowCHcAQnEMAlVOEWalAHAhKe4RXePOO9eO/ex6x1yctnDuAPvM8ftG6Q9A==</latexit>

⇡0

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫
<latexit sha1_base64="Z4/LQEOZVxH/zG0VMbjpEiMLcmI=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPDC7htlJbzJkZnaZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHdFKWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOskUxTpNeKJaEdHImcS6YYZjK1VIRMSxGQ1uJn7zCZVmibw3wxRDQXqSxYwSY6WHQGaPQaqYwE6p7FW8KdxF4uekDDlqndJX0E1oJlAayonWbd9LTTgiyjDKcVwMMo0poQPSw7alkgjU4Wh68dg9tkrXjRNlSxp3qv6eGBGh9VBEtlMQ09fz3kT8z2tnJr4KR0ymmUFJZ4vijLsmcSfvu12mkBo+tIRQxeytLu0TRaixIRVtCP78y4ukcVrxLyrnd2fl6nUeRwEO4QhOwIdLqMIt1KAOFCQ8wyu8Odp5cd6dj1nrkpPPHMAfOJ8/w9qQ/g==</latexit>

⌫0

<latexit sha1_base64="B/FafGzoolyf+IMgVxJ6nvj38ZU="></latexit>

S(!) = � 1

⇡
ImF̂ †RF̂ , |hi|F̂ |0i|2 ⇠ S(! ! ⌦i)

FRIB-TA: Future directions in nuclear beta decay at FRIB
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<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

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

e�

Single-particle orbital Multiple electrons in the cloud 

<latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e <latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e
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What about leptons?

5

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

e�

Single-particle orbital

<latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e

• For electron: Solve the Dirac equation with 
nuclear charge distribution

• For neutrino: expand into multipoles, 
spherical Bessel functions

FRIB-TA: Future directions in nuclear beta decay at FRIB
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<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�

Single-particle orbital

<latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e

• For electron: Solve the Dirac equation with 
nuclear charge distribution

• For neutrino: expand into multipoles, 
spherical Bessel functions

It is challenging to take full spatial distribution of lepton wave functions into account

Parametrize atomic physics by Coulomb amplitudes (βx)

FRIB-TA: Future directions in nuclear beta decay at FRIB
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<latexit sha1_base64="X/5hvfNErGy+SYo+3wXG4Ah4eaM="></latexit>

�EC =
ln 2

K

X

x

X

i,f

nxC
(i,f)
x fx(W

(i,f)
0 )

[W. Bambynek, H. Behrens, et al., Rev. Mod. Phys. 49, 77 (1977). ]

<latexit sha1_base64="78h2FOARnrnLsRvkxdXNcbbqQ/M=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsQgUtM+JrIxRFcFnBPqCtQybNtKGZB0lGKMNs/BU3LhRx62e4829M21lo64F7OZxzL8k9bsSZVJb1beTm5hcWl/LLhZXVtfUNc3OrLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu4HrkNx6pkCwM7tUwoh0f9wLmMYKVlhxzp+FYD0mJHXoHKbpENw5DR7p7jlm0ytYYaJbYGSlChqpjfrW7IYl9GijCsZQt24pUJ8FCMcJpWmjHkkaYDHCPtjQNsE9lJxkfkKJ9rXSRFwpdgUJj9fdGgn0ph76rJ32s+nLaG4n/ea1YeRedhAVRrGhAJg95MUcqRKM0UJcJShQfaoKJYPqviPSxwETpzAo6BHv65FlSPy7bZ+XTu5Ni5SqLIw+7sAclsOEcKnALVagBgRSe4RXejCfjxXg3PiajOSPb2YY/MD5/AAzOlCQ=</latexit>

W (i,f)
0 = Ei � Ef

phase-space factor:
<latexit sha1_base64="dkwp5sEWEDRG8gEWlK7bqxG21Rk=">AAACDHicbVC7TsMwFL3hWcqrwMhiUSExVUnFa0GqYGEsEn1ITYgc12mtOg9sB7WK8gEs/AoLAwix8gFs/A1u2gFajmTr6JxzZd/jxZxJZZrfxsLi0vLKamGtuL6xubVd2tltyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3uBr7rQcqJIvCWzWKqRPgXsh8RrDSklsq++4QXSDbF5ikdsyytJrZHlXYHd5V0X1+65RZMXOgeWJNSRmmqLulL7sbkSSgoSIcS9mxzFg5KRaKEU6zop1IGmMywD3a0TTEAZVOmi+ToUOtdJEfCX1ChXL190SKAylHgaeTAVZ9OeuNxf+8TqL8cydlYZwoGpLJQ37CkYrQuBnUZYISxUeaYCKY/isifax7Ubq/oi7Bml15njSrFeu0cnJzXK5dTusowD4cwBFYcAY1uIY6NIDAIzzDK7wZT8aL8W58TKILxnRmD/7A+PwBZFqakw==</latexit>

fx =
⇡

2
�2
xq

2
x

Coulomb amplitudes (RADIAL solver)

neutrino transfer

àNuclear physics is contained in shape-factor 𝐶+
(-,/) with the form:

[F. Salvat, et al., Comput. Phys. Commun. 90, 151 (1995).] 

<latexit sha1_base64="scCfVnWm0pq5EQ7aNQ3eWWL1xcQ="></latexit>

Cx(!) = kax(!) + 2sgn(x)kbx(!) + kcx(!), x = ±1

FRIB-TA: Future directions in nuclear beta decay at FRIB
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Superheavy nuclei
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100

114

120

160

110

Neutron number N

Pr
ot

on
 n

um
be

rZ
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180

SF(284Cn) Theory
m1 101 s
m2 10-2 s
m3 102 s
m4 10-9 s
m5 10-2 s
m6 10-6 s

Cn 284
120 ms

Fl 298
105 s

m5

Ds 294
105 s

m4Hs 290
1011 s

m2

Rf 288
1015 s

m1

Cn 291
109 s

m3

120 300
10-5 s

m6

[O. Smits et al., Nat. Rev. Phys. 6, 86 (2024).]

α-decay

Electron capture

fission st
ro

ng
 fo

rc
e

weak force

àlarge uncertainties

àSHE and superfast
    EC ?

<latexit sha1_base64="gB6seOckY2RGmdWBCVjrQPqY5n0=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqkzER5dFNy4r2Ae2Q8mkd9rQzMMkIwxD/RU3LhRx64e4829M21lo64HLPZxzL7k5Xiy40o7zbRVWVtfWN4qbpa3tnd09e/+gpaJEMmiySESy41EFgofQ1FwL6MQSaOAJaHvj66nffgSpeBTe6TQGN6DDkPucUW2kvl0mzhnuCXjA9/NGSK1vV5yqMwNeJiQnFZSj0be/eoOIJQGEmgmqVJc4sXYzKjVnAialXqIgpmxMh9A1NKQBKDebHT/Bx0YZYD+SpkKNZ+rvjYwGSqWBZyYDqkdq0ZuK/3ndRPs1N+NhnGgI2fwhPxFYR3iaBB5wCUyL1BDKJDe3YjaikjJt8iqZEMjil5dJ67RKLqrnt2eV+lUeRxEdoiN0ggi6RHV0gxqoiRhK0TN6RW/Wk/VivVsf89GCle+U0R9Ynz9xQJK4</latexit>

104  Z  118

FRIB-TA: Future directions in nuclear beta decay at FRIB
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àGoal: find candidates where EC could compete with fission and ⍺-decay:

[A. Ravlic and W. Nazarewicz, PRC 111, L051305 (2025).]

à EC dominates over 𝛽#-decay: à First-forbidden transitions dominate over allowed:

<latexit sha1_base64="AVLMsgA8p09KB5VzU1cRdRVI8X0=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokIqlyrhfazgwrFI9CGaUG1cp7VqJ5HtgKrST+HCAYS48iXc+BvcNgdoGWml0cyudneChDOlHefbWlhcWl5Zza3l1zc2t7btwk5dxakktEZiHstmAIpyFtGaZprTZiIpiIDTRtC/GvuNByoVi6NbPUioL6AbsZAR0EZq2wVPMYFLHvCkB/ju8P64bRedsjMBniduRoooQ7Vtf3mdmKSCRppwUKrlOon2hyA1I5yO8l6qaAKkD13aMjQCQZU/nJw+wgdG6eAwlqYijSfq74khCKUGIjCdAnRPzXpj8T+vlerwwh+yKEk1jch0UZhyrGM8zgF3mKRE84EhQCQzt2LSAwlEm7TyJgR39uV5Uj8qu2fl05uTYuUyiyOH9tA+KiEXnaMKukZVVEMEPaJn9IrerCfrxXq3PqatC1Y2s4v+wPr8AYTtkuI=</latexit>

⇠ (↵Z)3

FRIB-TA: Future directions in nuclear beta decay at FRIB
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à identify candidate where EC can 
compete with ⍺-decay and fission

àwe consider 
two EDFs: DD-PC1 and DD-PCX
àFound candidates
 where EC could have
 branching > 5%
àprevious calculations miss
important contribution of 
FF transitions

[A. Ravlic and W. Nazarewicz, PRC 111, L051305 (2025).]

FRIB-TA: Future directions in nuclear beta decay at FRIB



What if we take full radial dependence of lepton 
wavefunctions into account ?
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<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�

Multiple electrons in the cloud 

<latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e

• Solve the many-body problem
<latexit sha1_base64="7oPzyt6Y0Eatx3zSLf9eCP8QqZY="></latexit>

Ĥ = ĤD + V̂nuc +
Z�1X

i=1

ZX

j=i+1

1

|ri � rj |
,

interaction between 
electrons

nucleus-electron 
Coulomb 
interaction

FRIB-TA: Future directions in nuclear beta decay at FRIB
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<latexit sha1_base64="JsXuvru8gGazFLCJPTKnD4pA3Yw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OTdKkp2fo7hHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4GfuNJ1Sax/LBDBP0I9qTPOSMGivd4+NJp1hyy+4EZJF4M1KCGaqd4le7G7M0QmmYoFq3PDcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mpI3JklS4JY2VLGjJRf09kNNJ6GAW2M6Kmr+e9sfif10pNeOVnXCapQcmmi8JUEBOT8d+kyxUyI4aWUKa4vZWwPlWUGZtOwYbgzb+8SOqnZe+ifH53Vqpcz+LIwwEcwjF4cAkVuIUq1IBBD57hFd4c4bw4787HtDXnzGb24Q+czx/qWo2S</latexit>

e�

Multiple electrons in the cloud 

<latexit sha1_base64="Hehrs96QM/i6I1oIUb6UhwhtuFw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfqtJ1SaJ/LBjFMMYjqQPOKMGiv5XZn1sFetuXV3BrJMvILUoECzV/3q9hOWxSgNE1TrjuemJsipMpwJnFS6mcaUshEdYMdSSWPUQT47dkJOrNInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6DnMs0MyjZfFGUCWISMv2c9LlCZsTYEsoUt7cSNqSKMmPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8YcHiGV3hzpPPivDsf89aSU8wcwh84nz/X8Y65</latexit>⌫e

• Solve the many-body problem
<latexit sha1_base64="7oPzyt6Y0Eatx3zSLf9eCP8QqZY="></latexit>

Ĥ = ĤD + V̂nuc +
Z�1X

i=1

ZX

j=i+1

1

|ri � rj |
,

interaction between 
electrons

nucleus-electron 
Coulomb 
interaction
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<latexit sha1_base64="i9WR/18NNZ8btNB35kH5rxb7fKM="></latexit>

 e�(r) =

✓
Gx(r)�xµx

iFx(r)�xµx

◆
,

DWF – Dirac single-particle
DHFWF – Dirac Hartree-Fock
LO – lowest order calculation

[A. Ravlic, P. Schwerdtfeger and W. 
Nazarewicz, PRC 111, 064323 (2025).]
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<latexit sha1_base64="i9WR/18NNZ8btNB35kH5rxb7fKM="></latexit>

 e�(r) =
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Gx(r)�xµx

iFx(r)�xµx

◆
,

DWF – Dirac single-particle
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Nazarewicz, PRC 111, 064323 (2025).]
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<latexit sha1_base64="i9WR/18NNZ8btNB35kH5rxb7fKM="></latexit>

 e�(r) =

✓
Gx(r)�xµx

iFx(r)�xµx

◆
,

DWF – Dirac single-particle
DHFWF – Dirac Hartree-Fock
LO – lowest order calculation

[A. Ravlic, P. Schwerdtfeger and W. 
Nazarewicz, PRC 111, 064323 (2025).]

àWe can introduce transition density
 in the coordinate-space:

<latexit sha1_base64="UCpwN9b60vrXJTqTYLJk45dtQH0="></latexit>

h0|F̂JL|⌫i =
Z

dr�⇢JL(⌦⌫ , r)

FRIB-TA: Future directions in nuclear beta decay at FRIB
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<latexit sha1_base64="i9WR/18NNZ8btNB35kH5rxb7fKM="></latexit>

 e�(r) =

✓
Gx(r)�xµx

iFx(r)�xµx

◆
,

DWF – Dirac single-particle
DHFWF – Dirac Hartree-Fock
LO – lowest order calculation

[A. Ravlic, P. Schwerdtfeger and W. 
Nazarewicz, PRC 111, 064323 (2025).]
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[A. Ravlic, P. Schwerdtfeger and W. Nazarewicz, PRC 111, 064323 (2025).]

s1/2 electron ”shielded” by 
strong nuclear charge in SHE

FRIB-TA: Future directions in nuclear beta decay at FRIB



Global calculations of β-decay rates
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DD-PC1(X) + optimized time-odd terms

[A. Ravlic, Y. Saito and W. Nazarewicz, in preparation (2025)]

<latexit sha1_base64="6ZVf09VydjqjX6acPSEc6fH2VQA=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5Kk74VQdONKKtgHtKFMppN26GQSZiZCDf0SNy4UceunuPNvnLQVVPTAhcM593LvPV7EqFSW9WFk1tY3Nrey27md3b39vHlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN71M/e4dEZKG/FbNIuIGaMypTzFSWhqa+ethwmPM5vAcliuN+tAsWMVGvepUHGgVLavmlKopcWplpwRtraQogBVaQ/N9MApxHBCuMENS9m0rUm6ChKKYkXluEEsSITxFY9LXlKOASDdZHD6Hp1oZQT8UuriCC/X7RIICKWeBpzsDpCbyt5eKf3n9WPl1N6E8ihXheLnIjxlUIUxTgCMqCFZspgnCgupbIZ4ggbDSWeV0CF+fwv9Jxyna1WLlplxoXqziyIJjcALOgA1qoAmuQAu0AQYxeABP4Nm4Nx6NF+N12ZoxVjNH4AeMt09R0JI9</latexit>

Nnucl = 4598

GT(1+) + first forbidden (0-,1-,2-)

See Yukiya Saito’s talk on Thursday !

FRIB-TA: Future directions in nuclear beta decay at FRIB
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• axially-deformed RHB state with reflection symmetry

• Equal Filling Approximation blocking RHB+QRPA for odd-A and odd-odd nuclei
<latexit sha1_base64="qERVFJic7MMm88pdYIfDSYZtf8s=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOepMhM7PrzGwgrPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRINnEloGGY4tBMFRIQcWuHwduq3RqA0i+WDGScQCNKXLGKUGCsFT9gXKfYVkX0O3XLFrboz4GXi5aSCctS75S+/F9NUgDSUE607npuYICPKMMphUvJTDQmhQ9KHjqWSCNBBNjt6gk+s0sNRrGxJg2fq74mMCK3HIrSdgpiBXvSm4n9eJzXRdZAxmaQGJJ0vilKOTYynCeAeU0ANH1tCqGL2VkwHRBFqbE4lG4K3+PIyaZ5Vvcvqxf15pXaTx1FER+gYnSIPXaEaukN11EAUPaJn9IrenJHz4rw7H/PWgpPPHKI/cD5/AFSfkdU=</latexit>

|µi
<latexit sha1_base64="DY3Dec4oBbe8yzG/pYJxPNTTmDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATymR60w6dTMLMRAix/oobF4q49UPc+TdO2yy09cCFwzn3cu89QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUUmjRmMeyGxAFnAloaaY5dBMJJAo4dILxzdTvPIBULBb3OkvAj8hQsJBRoo3Ut6uP2AuIzL0onWBPEjHk0LdrTt2ZAS8TtyA1VKDZt7+8QUzTCISmnCjVc51E+zmRmlEOk4qXKkgIHZMh9AwVJALl57PjJ/jYKAMcxtKU0Him/p7ISaRUFgWmMyJ6pBa9qfif10t1eOXnTCSpBkHni8KUYx3jaRJ4wCRQzTNDCJXM3IrpiEhCtcmrYkJwF19eJu3TuntRP787qzWuizjK6BAdoRPkokvUQLeoiVqIogw9o1f0Zj1ZL9a79TFvLVnFTBX9gfX5A6ftlMs=</latexit>

|µ̄i
odd q.p. state

built on top of
even-even 
vacuum

FRIB-TA: Future directions in nuclear beta decay at FRIB
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Q-values calculated self-consistently within the model:

in MeV

Half-lives vs Q-values:

[E. M. Ney, J. Engel, T. Li, N. Schunck, Phys. Rev. C 102, 034326 (2020)]

See discussion in:

FRIB-TA: Future directions in nuclear beta decay at FRIB
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Performance on experimental data (NUBASE2020):

Preliminary



Global β-decay calculations
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DD-PC1(X)

[A. Ravlic, Y. Saito and W. Nazarewicz, in preparation (2025)]
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Nnucl = 4598

Half-life is just the moment of distribution, it hides a lot of underlying structure

[A. Ravlic, Y. Saito and W. Nazarewicz, in preparation (2025)]
[T. Marketin, L. Huther, G. Martinez-Pinedo, PRC 93, 025805 (2016)]

[E. M. Ney, J. Engel, T. Li, N. Schunck, Phys. Rev. C 102, 034326 (2020)]
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FRIB-TA: Future directions in nuclear beta decay at FRIB



20
[A. Ravlic, Y. Saito and W. Nazarewicz, in preparation (2025)]
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[A. Ravlic, Y. Saito and W. Nazarewicz, in preparation (2025)]

• Costly calculations, intrinsic dimension of 
the QRPA matrix ≅ 105

• How to systematically assess uncertainty?

FRIB-TA: Future directions in nuclear beta decay at FRIB
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[L. Jin, A. Ravlic, P. Giuliani, K. Godbey and W. Nazarewicz, in prep (2025)]

[P. Cook, D. Jammooa, M. Hjorth-Jensen, D. D. Lee, D. Lee, Nat. Commun. 16 5929 (2025).]
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Work by Lauren Jin @ MSU
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[A. Ravlic, E. M. Ney, J. Engel, and N. Paar, Eur. Phys. J A 61(2) 37 (2025).]
[A. Ravlic, E. Yüksel et al. PRC 102, 065804 (2020).]
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Expression for electron capture rate in stellar environment:
<latexit sha1_base64="BH2TppbuiVPP6kv4yUrdJy+KOWo="></latexit>

�ec =
(mec2)3

⇡2~3
1

Z

X

if

e�Ei

1Z

W th(i,f)
0

pW�(i,f)
ec (W )fe(W,µe)dW

<latexit sha1_base64="XiCcMBwdbolYzbCl3v84iiX4buc=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEnE17LoxmUF+4A2hsl00g6dmYSZiRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57gphRpR3n21paXlldWy9tlDe3tnd27b39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+Gbidx6JVDQS9zqNicfRUNCQYqSN5NuVvqJDjvyM4Pwhq9GT8Dj37apTd6aAi8QtSBUUaPr2V38Q4YQToTFDSvVcJ9ZehqSmmJG83E8UiREeoyHpGSoQJ8rLpsfn8MgoAxhG0pTQcKr+nsgQVyrlgenkSI/UvDcR//N6iQ6vvIyKONFE4NmiMGFQR3CSBBxQSbBmqSEIS2puhXiEJMLa5FU2IbjzLy+S9mndvaif351VG9dFHCVwAA5BDbjgEjTALWiCFsAgBc/gFbxZT9aL9W59zFqXrGKmAv7A+vwBa5CUoQ==</latexit>

�(i,f)
ec Requires knowledge on nuclear matrix elements at finite-temperature

Fermi-Dirac factor – takes into account density dependence of rates
<latexit sha1_base64="146n5bv3Ik6ZtK1A1iMkNxs4VMY=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzALJMPR0apIm3T1jd08gDPkOLx4U8erHePNv7CwHTXxQ8Hiviqp6YcKZNq777eRWVtfWN/Kbha3tnd294v5BQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPB3cRvDkFpFstHM0rAF6QnWcQoMVbyowDKzTPcEWkAp0Gx5FbcKfAy8eakhOaoBcWvTjemqQBpKCdatz03MX5GlGGUw7jQSTUkhA5ID9qWSiJA+9n06DE+sUoXR7GyJQ2eqr8nMiK0HonQdgpi+nrRm4j/ee3URDd+xmSSGpB0tihKOTYxniSAu0wBNXxkCaGK2Vsx7RNFqLE5FWwI3uLLy6RxXvGuKpcPF6Xq7TyOPDpCx6iMPHSNquge1VAdUfSEntErenOGzovz7nzMWnPOfOYQ/YHz+QNIqpEm</latexit>

fe(W,µe)

à Calculated using finite-temperature QRPA (FT-QRPA)

<latexit sha1_base64="2SODRfx5nZxjERbDnlIB4sq/fQk="></latexit>✓
A B
B⇤ A⇤

◆✓
X
Y

◆
= E

✓
1 0
0 �1

◆✓
X
Y

◆
<latexit sha1_base64="xSIJd1CB6Ls+asQkUWiUE7KGXLY="></latexit>0

BB@

C a b D
a† A B bT

b† B⇤ A⇤ aT

D⇤ b⇤ a⇤ C⇤

1

CCA

0

BB@

P
X
Y
Q

1

CCA = E

0

BB@

1 0 0 0
0 1 0 0
0 0 �1 0
0 0 0 �1

1

CCA

0

BB@

P
X
Y
Q

1

CCA

FRIB-TA: Future directions in nuclear beta decay at FRIB



24

Different microscopic EC calculations (based on shell-model):

Our first study: 
include nuclei in the 
“diamond” region 
around N = 50

[C. Sullivan, E. O’Connor, R. Zegers et al. ApJ 816(1), 44 (2016).]
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[S. Giraud, E.M. Ney, A. Ravlic et al. PRC 105, 055801 (2022).]

We employed 3 theoretical models:

• non-relativistic FT-QRPA (SkO’)
• relativistic FT-PNRQRPA (D3C*)
• shell-model for 86Kr
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Results for main CCSNe observables:
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Ye =
#of electrons

#of barions
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[www.remcozegers.com/weak-rate-library]

Let’s consider “all” nuclei within the FT-PNRQRPA:
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[A. Ravlic, S. Giraud, R. Zegers and N. Paar, PRC 112, L032801 (2025).]
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GT(EDF) – FT-PNRQRPA with Gamow-Teller only

GT+FF(EDF) – FT-PNRQRPA with Gamow-Teller + first-forbidden

GT(SM+EDF) – FT-PNRQRPA with Gamow-Teller + shell-model where available 
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What about stellar β-decay rates ?

[T. Dasher, A. Ravlic, S. Lalit, E. O’Connor, in preparation]

Work by Troy Dasher @ MSU

(anti)
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20M� progenitor

NuLib + GR1D framework 
[CQG 27(11), 114103 (2010), Astrophys. J. Suppl. Ser. 219, 24 (2015).]
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Conclusion

• We performed calculations of weak decays in SHEs using quantified 
relativistic DFT
• EC can compete with α-decay and fission for 𝑍 < 109
• First-forbidden transitions dominate weak decay rates à more sensitive to 

details of nuclear structure
• Considering detailed electronic structure leads to visible effects in the 

decay rates for SHEs
• Global calculations of β-decay rates for r-process simulations
• Developed emulators for the efficient calculation of QRPA observables
• Application to stellar collapse à extension of QRPA at finite-temp
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(Z,N)
<latexit sha1_base64="JZaUorBQE2SOdnO0KJfCitGovLk=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAiatgVX8egF08SwTw0WcLsZJIMmZldZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gogzbVz325mbX1hcWs6sZFfX1jc2c1vbVR3GitAKCXmo6gHWlDNJK4YZTuuRolgEnNaC/vXIrz1RpVko780gor7AXck6jGBjpYfC46F3dHvsHbRyebfojoFmiZeSPKQot3JfzXZIYkGlIRxr3fDcyPgJVoYRTofZZqxphEkfd2nDUokF1X4yPniI9q3SRp1Q2ZIGjdXfEwkWWg9EYDsFNj097Y3E/7xGbDqXfsJkFBsqyWRRJ+bIhGj0PWozRYnhA0swUczeikgPK0yMzShrQ/CmX54l1ZOid148uzvNl67SODKwC3tQAA8uoAQ3UIYKEBDwDK/w5ijnxXl3Piatc046swN/4Hz+ADj7jr0=</latexit>

(Z + 1, N � 1)
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