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Nuclear data is ubiquitous in basic science and applications
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From hydrogen to carbon, nuclei are the powerhouse of stars
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7
Li + p ! 4

He +
4
He

<latexit sha1_base64="Nk6ms2azH4b42JzW/8rIXqfesi8=">AAACPnicdVC7SgNBFJ31bXxFLW0GgyAIYVcCWoo2FhYRTBSyMcxObpLB2Zll5q4alv0yG7/BztLGQhFbSyePwueBgcM553LnniiRwqLvP3oTk1PTM7Nz84WFxaXlleLqWt3q1HCocS21uYiYBSkU1FCghIvEAIsjCefR1dHAP78GY4VWZ9hPoBmzrhIdwRk6qVWshUmPKdRxVs4v90KEW8xORE53aEJDI7o9ZMboG/o1VhnFjiHf+UdvFUt+2R+C/ibBmJTIGNVW8SFsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Yl1oOKpYDLaZDc/P6ZZT2rSjjXsK6VD9OpGx2Np+HLlkzLBnf3oD8S+vkWJnv5kJlaQIio8WdVJJUdNBl7QtDHCUfUcYN8L9lfIeM4yja7zgSgh+nvyb1HfLgeOnldLB4biOObJBNsk2CcgeOSDHpEpqhJM78kReyKt37z17b977KDrhjWfWyTd4H5+IILCG</latexit><latexit sha1_base64="Nk6ms2azH4b42JzW/8rIXqfesi8=">AAACPnicdVC7SgNBFJ31bXxFLW0GgyAIYVcCWoo2FhYRTBSyMcxObpLB2Zll5q4alv0yG7/BztLGQhFbSyePwueBgcM553LnniiRwqLvP3oTk1PTM7Nz84WFxaXlleLqWt3q1HCocS21uYiYBSkU1FCghIvEAIsjCefR1dHAP78GY4VWZ9hPoBmzrhIdwRk6qVWshUmPKdRxVs4v90KEW8xORE53aEJDI7o9ZMboG/o1VhnFjiHf+UdvFUt+2R+C/ibBmJTIGNVW8SFsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Yl1oOKpYDLaZDc/P6ZZT2rSjjXsK6VD9OpGx2Np+HLlkzLBnf3oD8S+vkWJnv5kJlaQIio8WdVJJUdNBl7QtDHCUfUcYN8L9lfIeM4yja7zgSgh+nvyb1HfLgeOnldLB4biOObJBNsk2CcgeOSDHpEpqhJM78kReyKt37z17b977KDrhjWfWyTd4H5+IILCG</latexit><latexit sha1_base64="Nk6ms2azH4b42JzW/8rIXqfesi8=">AAACPnicdVC7SgNBFJ31bXxFLW0GgyAIYVcCWoo2FhYRTBSyMcxObpLB2Zll5q4alv0yG7/BztLGQhFbSyePwueBgcM553LnniiRwqLvP3oTk1PTM7Nz84WFxaXlleLqWt3q1HCocS21uYiYBSkU1FCghIvEAIsjCefR1dHAP78GY4VWZ9hPoBmzrhIdwRk6qVWshUmPKdRxVs4v90KEW8xORE53aEJDI7o9ZMboG/o1VhnFjiHf+UdvFUt+2R+C/ibBmJTIGNVW8SFsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Yl1oOKpYDLaZDc/P6ZZT2rSjjXsK6VD9OpGx2Np+HLlkzLBnf3oD8S+vkWJnv5kJlaQIio8WdVJJUdNBl7QtDHCUfUcYN8L9lfIeM4yja7zgSgh+nvyb1HfLgeOnldLB4biOObJBNsk2CcgeOSDHpEpqhJM78kReyKt37z17b977KDrhjWfWyTd4H5+IILCG</latexit><latexit sha1_base64="Nk6ms2azH4b42JzW/8rIXqfesi8=">AAACPnicdVC7SgNBFJ31bXxFLW0GgyAIYVcCWoo2FhYRTBSyMcxObpLB2Zll5q4alv0yG7/BztLGQhFbSyePwueBgcM553LnniiRwqLvP3oTk1PTM7Nz84WFxaXlleLqWt3q1HCocS21uYiYBSkU1FCghIvEAIsjCefR1dHAP78GY4VWZ9hPoBmzrhIdwRk6qVWshUmPKdRxVs4v90KEW8xORE53aEJDI7o9ZMboG/o1VhnFjiHf+UdvFUt+2R+C/ibBmJTIGNVW8SFsa57GoJBLZm0j8BNsZsyg4BLyQphaSBi/Yl1oOKpYDLaZDc/P6ZZT2rSjjXsK6VD9OpGx2Np+HLlkzLBnf3oD8S+vkWJnv5kJlaQIio8WdVJJUdNBl7QtDHCUfUcYN8L9lfIeM4yja7zgSgh+nvyb1HfLgeOnldLB4biOObJBNsk2CcgeOSDHpEpqhJM78kReyKt37z17b977KDrhjWfWyTd4H5+IILCG</latexit>

7Be + p ! 8B+ �
<latexit sha1_base64="U0qx62LAyc+V8uKa84ZYnhf7EGM="></latexit><latexit sha1_base64="U0qx62LAyc+V8uKa84ZYnhf7EGM="></latexit><latexit sha1_base64="U0qx62LAyc+V8uKa84ZYnhf7EGM="></latexit><latexit sha1_base64="U0qx62LAyc+V8uKa84ZYnhf7EGM="></latexit>

8B ! 8Be⇤ + e+ + ⌫e
<latexit sha1_base64="h2ivA+MP5hPE/CtnXMjmes/3CZE=">AAACL3icbVDLSgMxFM34rPVVdekmWASxUGZEsEtREJcKVoVOWzLpbRvMJENyRy3D/JEbf6UbEUXc+hemtQtfBwKHc87l5p4okcKi7z97U9Mzs3PzhYXi4tLyymppbf3S6tRwqHMttbmOmAUpFNRRoITrxACLIwlX0c3xyL+6BWOFVhc4SKAZs54SXcEZOqldOgmTPlOo46yat2ohwj1mRzkNjej1kRmj7+h/CchbuxVoVWglVGkbaLtU9qv+GPQvCSakTCY4a5eGYUfzNAaFXDJrG4GfYDNjBgWXkBfD1ELC+A3rQcNRxWKwzWx8b063ndKhXW3cU0jH6veJjMXWDuLIJWOGffvbG4n/eY0Uu7VmJlSSIij+taibSoqajsqjHWGAoxw4wrgR7q+U95lhHF3FRVdC8Pvkv+Ryrxo4fr5fPjya1FEgm2SL7JCAHJBDckrOSJ1w8kCG5IW8eo/ek/fmvX9Fp7zJzAb5Ae/jEw+PqZQ=</latexit><latexit sha1_base64="h2ivA+MP5hPE/CtnXMjmes/3CZE=">AAACL3icbVDLSgMxFM34rPVVdekmWASxUGZEsEtREJcKVoVOWzLpbRvMJENyRy3D/JEbf6UbEUXc+hemtQtfBwKHc87l5p4okcKi7z97U9Mzs3PzhYXi4tLyymppbf3S6tRwqHMttbmOmAUpFNRRoITrxACLIwlX0c3xyL+6BWOFVhc4SKAZs54SXcEZOqldOgmTPlOo46yat2ohwj1mRzkNjej1kRmj7+h/CchbuxVoVWglVGkbaLtU9qv+GPQvCSakTCY4a5eGYUfzNAaFXDJrG4GfYDNjBgWXkBfD1ELC+A3rQcNRxWKwzWx8b063ndKhXW3cU0jH6veJjMXWDuLIJWOGffvbG4n/eY0Uu7VmJlSSIij+taibSoqajsqjHWGAoxw4wrgR7q+U95lhHF3FRVdC8Pvkv+Ryrxo4fr5fPjya1FEgm2SL7JCAHJBDckrOSJ1w8kCG5IW8eo/ek/fmvX9Fp7zJzAb5Ae/jEw+PqZQ=</latexit><latexit sha1_base64="h2ivA+MP5hPE/CtnXMjmes/3CZE=">AAACL3icbVDLSgMxFM34rPVVdekmWASxUGZEsEtREJcKVoVOWzLpbRvMJENyRy3D/JEbf6UbEUXc+hemtQtfBwKHc87l5p4okcKi7z97U9Mzs3PzhYXi4tLyymppbf3S6tRwqHMttbmOmAUpFNRRoITrxACLIwlX0c3xyL+6BWOFVhc4SKAZs54SXcEZOqldOgmTPlOo46yat2ohwj1mRzkNjej1kRmj7+h/CchbuxVoVWglVGkbaLtU9qv+GPQvCSakTCY4a5eGYUfzNAaFXDJrG4GfYDNjBgWXkBfD1ELC+A3rQcNRxWKwzWx8b063ndKhXW3cU0jH6veJjMXWDuLIJWOGffvbG4n/eY0Uu7VmJlSSIij+taibSoqajsqjHWGAoxw4wrgR7q+U95lhHF3FRVdC8Pvkv+Ryrxo4fr5fPjya1FEgm2SL7JCAHJBDckrOSJ1w8kCG5IW8eo/ek/fmvX9Fp7zJzAb5Ae/jEw+PqZQ=</latexit><latexit sha1_base64="h2ivA+MP5hPE/CtnXMjmes/3CZE=">AAACL3icbVDLSgMxFM34rPVVdekmWASxUGZEsEtREJcKVoVOWzLpbRvMJENyRy3D/JEbf6UbEUXc+hemtQtfBwKHc87l5p4okcKi7z97U9Mzs3PzhYXi4tLyymppbf3S6tRwqHMttbmOmAUpFNRRoITrxACLIwlX0c3xyL+6BWOFVhc4SKAZs54SXcEZOqldOgmTPlOo46yat2ohwj1mRzkNjej1kRmj7+h/CchbuxVoVWglVGkbaLtU9qv+GPQvCSakTCY4a5eGYUfzNAaFXDJrG4GfYDNjBgWXkBfD1ELC+A3rQcNRxWKwzWx8b063ndKhXW3cU0jH6veJjMXWDuLIJWOGffvbG4n/eY0Uu7VmJlSSIij+taibSoqajsqjHWGAoxw4wrgR7q+U95lhHF3FRVdC8Pvkv+Ryrxo4fr5fPjya1FEgm2SL7JCAHJBDckrOSJ1w8kCG5IW8eo/ek/fmvX9Fp7zJzAb5Ae/jEw+PqZQ=</latexit>

p+ e� + p ! d+ ⌫e
<latexit sha1_base64="P5drzX85gJ7h0jAwIkuWT1nMj9s=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEoVhmRNBl0Y3LCvYC7Thk0tM2NJMJSUYppQs3voobF4q49SHc+Tam7Sy09YfAx3/O4eT8keRMG8/7dpaWV1bX1nMb+c2t7Z1dd2+/rpNUUajRhCeqGRENnAmoGWY4NKUCEkccGtHgalJv3IPSLBG3ZighiElPsC6jxFgrdAuyBHcnJdlWrNc3RKnkAXdwqS3SEEK36JW9qfAi+BkUUaZq6H61OwlNYxCGcqJ1y/ekCUZEGUY5jPPtVIMkdEB60LIoSAw6GE2PGOMj63RwN1H2CYOn7u+JEYm1HsaR7YyJ6ev52sT8r9ZKTfciGDEhUwOCzhZ1U45NgieJ4A5TQA0fWiBUMftXTPtEEWpsbnkbgj9/8iLUT8u+5ZuzYuUyiyOHCugQHSMfnaMKukZVVEMUPaJn9IrenCfnxXl3PmatS042c4D+yPn8AXmgl1Y=</latexit><latexit sha1_base64="P5drzX85gJ7h0jAwIkuWT1nMj9s=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEoVhmRNBl0Y3LCvYC7Thk0tM2NJMJSUYppQs3voobF4q49SHc+Tam7Sy09YfAx3/O4eT8keRMG8/7dpaWV1bX1nMb+c2t7Z1dd2+/rpNUUajRhCeqGRENnAmoGWY4NKUCEkccGtHgalJv3IPSLBG3ZighiElPsC6jxFgrdAuyBHcnJdlWrNc3RKnkAXdwqS3SEEK36JW9qfAi+BkUUaZq6H61OwlNYxCGcqJ1y/ekCUZEGUY5jPPtVIMkdEB60LIoSAw6GE2PGOMj63RwN1H2CYOn7u+JEYm1HsaR7YyJ6ev52sT8r9ZKTfciGDEhUwOCzhZ1U45NgieJ4A5TQA0fWiBUMftXTPtEEWpsbnkbgj9/8iLUT8u+5ZuzYuUyiyOHCugQHSMfnaMKukZVVEMUPaJn9IrenCfnxXl3PmatS042c4D+yPn8AXmgl1Y=</latexit><latexit sha1_base64="P5drzX85gJ7h0jAwIkuWT1nMj9s=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEoVhmRNBl0Y3LCvYC7Thk0tM2NJMJSUYppQs3voobF4q49SHc+Tam7Sy09YfAx3/O4eT8keRMG8/7dpaWV1bX1nMb+c2t7Z1dd2+/rpNUUajRhCeqGRENnAmoGWY4NKUCEkccGtHgalJv3IPSLBG3ZighiElPsC6jxFgrdAuyBHcnJdlWrNc3RKnkAXdwqS3SEEK36JW9qfAi+BkUUaZq6H61OwlNYxCGcqJ1y/ekCUZEGUY5jPPtVIMkdEB60LIoSAw6GE2PGOMj63RwN1H2CYOn7u+JEYm1HsaR7YyJ6ev52sT8r9ZKTfciGDEhUwOCzhZ1U45NgieJ4A5TQA0fWiBUMftXTPtEEWpsbnkbgj9/8iLUT8u+5ZuzYuUyiyOHCugQHSMfnaMKukZVVEMUPaJn9IrenCfnxXl3PmatS042c4D+yPn8AXmgl1Y=</latexit><latexit sha1_base64="P5drzX85gJ7h0jAwIkuWT1nMj9s=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEoVhmRNBl0Y3LCvYC7Thk0tM2NJMJSUYppQs3voobF4q49SHc+Tam7Sy09YfAx3/O4eT8keRMG8/7dpaWV1bX1nMb+c2t7Z1dd2+/rpNUUajRhCeqGRENnAmoGWY4NKUCEkccGtHgalJv3IPSLBG3ZighiElPsC6jxFgrdAuyBHcnJdlWrNc3RKnkAXdwqS3SEEK36JW9qfAi+BkUUaZq6H61OwlNYxCGcqJ1y/ekCUZEGUY5jPPtVIMkdEB60LIoSAw6GE2PGOMj63RwN1H2CYOn7u+JEYm1HsaR7YyJ6ev52sT8r9ZKTfciGDEhUwOCzhZ1U45NgieJ4A5TQA0fWiBUMftXTPtEEWpsbnkbgj9/8iLUT8u+5ZuzYuUyiyOHCugQHSMfnaMKukZVVEMUPaJn9IrenCfnxXl3PmatS042c4D+yPn8AXmgl1Y=</latexit>

99.6%
<latexit sha1_base64="VwjEImOuEP3ibQtwVX34S4Bp7Fs=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNTuim5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2ptNZaOsPgY//nEPO+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd1ztPVGkmxYOZxtSP8EiwkBFsrNWu12uX/eqgXHFrbia0Cl4OFcjVHJS/+kNJkogKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYEjqv0023aGqtYZolAq+4RBmft7IsWR1tMosJ0RNmO9XJub/9V6iQmv/ZSJODFUkMVHYcKRkWh+OhoyRYnhUwuYKGZ3RWSMFSbGBlSyIXjLJ69C+7zmWb6/qDRu8jiKcAKncAYeXEED7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wf0MI4N</latexit><latexit sha1_base64="VwjEImOuEP3ibQtwVX34S4Bp7Fs=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNTuim5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2ptNZaOsPgY//nEPO+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd1ztPVGkmxYOZxtSP8EiwkBFsrNWu12uX/eqgXHFrbia0Cl4OFcjVHJS/+kNJkogKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYEjqv0023aGqtYZolAq+4RBmft7IsWR1tMosJ0RNmO9XJub/9V6iQmv/ZSJODFUkMVHYcKRkWh+OhoyRYnhUwuYKGZ3RWSMFSbGBlSyIXjLJ69C+7zmWb6/qDRu8jiKcAKncAYeXEED7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wf0MI4N</latexit><latexit sha1_base64="VwjEImOuEP3ibQtwVX34S4Bp7Fs=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNTuim5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2ptNZaOsPgY//nEPO+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd1ztPVGkmxYOZxtSP8EiwkBFsrNWu12uX/eqgXHFrbia0Cl4OFcjVHJS/+kNJkogKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYEjqv0023aGqtYZolAq+4RBmft7IsWR1tMosJ0RNmO9XJub/9V6iQmv/ZSJODFUkMVHYcKRkWh+OhoyRYnhUwuYKGZ3RWSMFSbGBlSyIXjLJ69C+7zmWb6/qDRu8jiKcAKncAYeXEED7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wf0MI4N</latexit><latexit sha1_base64="VwjEImOuEP3ibQtwVX34S4Bp7Fs=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNTuim5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2ptNZaOsPgY//nEPO+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmd1ztPVGkmxYOZxtSP8EiwkBFsrNWu12uX/eqgXHFrbia0Cl4OFcjVHJS/+kNJkogKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGeRYEjqv0023aGqtYZolAq+4RBmft7IsWR1tMosJ0RNmO9XJub/9V6iQmv/ZSJODFUkMVHYcKRkWh+OhoyRYnhUwuYKGZ3RWSMFSbGBlSyIXjLJ69C+7zmWb6/qDRu8jiKcAKncAYeXEED7qAJLSDwCM/wCm+OdF6cd+dj0Vpw8plj+CPn8wf0MI4N</latexit>

85%
<latexit sha1_base64="+TA1CBRQsjJKRKT35yUKvEjEaYA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8FScFVmRLHLohuXFewF2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NmekstPWHwMd/ziHn/EHMmTau++2UNja3tnfKu5W9/YPDo+rxSVdHiSK0QyIeqX6ANeVM0o5hhtN+rCgWAae9YHaX1XtPVGkWyUczj6kv8ESykBFsMqt5PayPqjW34eZC6+AVUINC7VH1aziOSCKoNIRjrQeeGxs/xcowwumiMkw0jTGZ4QkdWJRYUO2n+a4LVLfOGIWRsk8alLu/J1IstJ6LwHYKbKZ6tZaZ/9UGiQmbfspknBgqyfKjMOHIRCg7HI2ZosTwuQVMFLO7IjLFChNj46nYELzVk9ehe9nwLD9c1Vq3RRxlOINzuAAPbqAF99CGDhCYwjO8wpsjnBfn3flYtpacYuYU/sj5/AEJUY2Q</latexit><latexit sha1_base64="+TA1CBRQsjJKRKT35yUKvEjEaYA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8FScFVmRLHLohuXFewF2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NmekstPWHwMd/ziHn/EHMmTau++2UNja3tnfKu5W9/YPDo+rxSVdHiSK0QyIeqX6ANeVM0o5hhtN+rCgWAae9YHaX1XtPVGkWyUczj6kv8ESykBFsMqt5PayPqjW34eZC6+AVUINC7VH1aziOSCKoNIRjrQeeGxs/xcowwumiMkw0jTGZ4QkdWJRYUO2n+a4LVLfOGIWRsk8alLu/J1IstJ6LwHYKbKZ6tZaZ/9UGiQmbfspknBgqyfKjMOHIRCg7HI2ZosTwuQVMFLO7IjLFChNj46nYELzVk9ehe9nwLD9c1Vq3RRxlOINzuAAPbqAF99CGDhCYwjO8wpsjnBfn3flYtpacYuYU/sj5/AEJUY2Q</latexit><latexit sha1_base64="+TA1CBRQsjJKRKT35yUKvEjEaYA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8FScFVmRLHLohuXFewF2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NmekstPWHwMd/ziHn/EHMmTau++2UNja3tnfKu5W9/YPDo+rxSVdHiSK0QyIeqX6ANeVM0o5hhtN+rCgWAae9YHaX1XtPVGkWyUczj6kv8ESykBFsMqt5PayPqjW34eZC6+AVUINC7VH1aziOSCKoNIRjrQeeGxs/xcowwumiMkw0jTGZ4QkdWJRYUO2n+a4LVLfOGIWRsk8alLu/J1IstJ6LwHYKbKZ6tZaZ/9UGiQmbfspknBgqyfKjMOHIRCg7HI2ZosTwuQVMFLO7IjLFChNj46nYELzVk9ehe9nwLD9c1Vq3RRxlOINzuAAPbqAF99CGDhCYwjO8wpsjnBfn3flYtpacYuYU/sj5/AEJUY2Q</latexit><latexit sha1_base64="+TA1CBRQsjJKRKT35yUKvEjEaYA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8FScFVmRLHLohuXFewF2qFk0kwbmmSGJCOUoa/gxoUibn0hd76NmekstPWHwMd/ziHn/EHMmTau++2UNja3tnfKu5W9/YPDo+rxSVdHiSK0QyIeqX6ANeVM0o5hhtN+rCgWAae9YHaX1XtPVGkWyUczj6kv8ESykBFsMqt5PayPqjW34eZC6+AVUINC7VH1aziOSCKoNIRjrQeeGxs/xcowwumiMkw0jTGZ4QkdWJRYUO2n+a4LVLfOGIWRsk8alLu/J1IstJ6LwHYKbKZ6tZaZ/9UGiQmbfspknBgqyfKjMOHIRCg7HI2ZosTwuQVMFLO7IjLFChNj46nYELzVk9ehe9nwLD9c1Vq3RRxlOINzuAAPbqAF99CGDhCYwjO8wpsjnBfn3flYtpacYuYU/sj5/AEJUY2Q</latexit>

15%
<latexit sha1_base64="q2pV0b5X4IFdfKK1Z7RkbV1OfyM=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ApuCozouiy6MZlBXuBdiiZNNOGJpkhyQhl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+POiZONWVtGotY90JimOCKtS23gvUSzYgMBeuG09u83n1k2vBYPdhZwgJJxopHnBKbW/7loD6s1ryGtxD+C34BNSjUGlY/B6OYppIpSwUxpu97iQ0yoi2ngs0rg9SwhNApGbO+Q0UkM0G22HWO684Z4SjW7imLF+7PiYxIY2YydJ2S2IlZreXmf7V+aqPrIOMqSS1TdPlRlApsY5wfjkdcM2rFzAGhmrtdMZ0QTah18VRcCP7qyX+hc97wHd9f1Jo3RRxlOIFTOAMfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwS+jjG/6RjYk=</latexit><latexit sha1_base64="q2pV0b5X4IFdfKK1Z7RkbV1OfyM=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ApuCozouiy6MZlBXuBdiiZNNOGJpkhyQhl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+POiZONWVtGotY90JimOCKtS23gvUSzYgMBeuG09u83n1k2vBYPdhZwgJJxopHnBKbW/7loD6s1ryGtxD+C34BNSjUGlY/B6OYppIpSwUxpu97iQ0yoi2ngs0rg9SwhNApGbO+Q0UkM0G22HWO684Z4SjW7imLF+7PiYxIY2YydJ2S2IlZreXmf7V+aqPrIOMqSS1TdPlRlApsY5wfjkdcM2rFzAGhmrtdMZ0QTah18VRcCP7qyX+hc97wHd9f1Jo3RRxlOIFTOAMfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwS+jjG/6RjYk=</latexit><latexit sha1_base64="q2pV0b5X4IFdfKK1Z7RkbV1OfyM=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ApuCozouiy6MZlBXuBdiiZNNOGJpkhyQhl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+POiZONWVtGotY90JimOCKtS23gvUSzYgMBeuG09u83n1k2vBYPdhZwgJJxopHnBKbW/7loD6s1ryGtxD+C34BNSjUGlY/B6OYppIpSwUxpu97iQ0yoi2ngs0rg9SwhNApGbO+Q0UkM0G22HWO684Z4SjW7imLF+7PiYxIY2YydJ2S2IlZreXmf7V+aqPrIOMqSS1TdPlRlApsY5wfjkdcM2rFzAGhmrtdMZ0QTah18VRcCP7qyX+hc97wHd9f1Jo3RRxlOIFTOAMfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwS+jjG/6RjYk=</latexit><latexit sha1_base64="q2pV0b5X4IFdfKK1Z7RkbV1OfyM=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ApuCozouiy6MZlBXuBdiiZNNOGJpkhyQhl6Cu4caGIW1/InW9jpp2FVn8IfPznHHLOHyaCG+t5X6i0tr6xuVXeruzs7u0fVA+POiZONWVtGotY90JimOCKtS23gvUSzYgMBeuG09u83n1k2vBYPdhZwgJJxopHnBKbW/7loD6s1ryGtxD+C34BNSjUGlY/B6OYppIpSwUxpu97iQ0yoi2ngs0rg9SwhNApGbO+Q0UkM0G22HWO684Z4SjW7imLF+7PiYxIY2YydJ2S2IlZreXmf7V+aqPrIOMqSS1TdPlRlApsY5wfjkdcM2rFzAGhmrtdMZ0QTah18VRcCP7qyX+hc97wHd9f1Jo3RRxlOIFTOAMfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwS+jjG/6RjYk=</latexit>

99.9%
<latexit sha1_base64="/MO7vRdbLtvC30qq0dc9vYzVFkk=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNDuim5cVrC10A4lk2ba2FyGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5RwZqzvf3uFtfWNza3idmlnd2//oHx41DYq1YS2iOJKdyJsKGeStiyznHYSTbGIOH2Ixjez+sMT1YYpeW8nCQ0FHkoWM4Kts9r1eq3eq/bLFb/mz4VWIcihArma/fJXb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06lFhQE2bzbaeo6pwBipV2T1o0d39PZFgYMxGR6xTYjsxybWb+V+umNr4KMyaT1FJJFh/FKUdWodnpaMA0JZZPHGCimdsVkRHWmFgXUMmFECyfvArt81rg+O6i0rjO4yjCCZzCGQRwCQ24hSa0gMAjPMMrvHnKe/HevY9Fa8HLZ47hj7zPH/jCjhA=</latexit><latexit sha1_base64="/MO7vRdbLtvC30qq0dc9vYzVFkk=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNDuim5cVrC10A4lk2ba2FyGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5RwZqzvf3uFtfWNza3idmlnd2//oHx41DYq1YS2iOJKdyJsKGeStiyznHYSTbGIOH2Ixjez+sMT1YYpeW8nCQ0FHkoWM4Kts9r1eq3eq/bLFb/mz4VWIcihArma/fJXb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06lFhQE2bzbaeo6pwBipV2T1o0d39PZFgYMxGR6xTYjsxybWb+V+umNr4KMyaT1FJJFh/FKUdWodnpaMA0JZZPHGCimdsVkRHWmFgXUMmFECyfvArt81rg+O6i0rjO4yjCCZzCGQRwCQ24hSa0gMAjPMMrvHnKe/HevY9Fa8HLZ47hj7zPH/jCjhA=</latexit><latexit sha1_base64="/MO7vRdbLtvC30qq0dc9vYzVFkk=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNDuim5cVrC10A4lk2ba2FyGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5RwZqzvf3uFtfWNza3idmlnd2//oHx41DYq1YS2iOJKdyJsKGeStiyznHYSTbGIOH2Ixjez+sMT1YYpeW8nCQ0FHkoWM4Kts9r1eq3eq/bLFb/mz4VWIcihArma/fJXb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06lFhQE2bzbaeo6pwBipV2T1o0d39PZFgYMxGR6xTYjsxybWb+V+umNr4KMyaT1FJJFh/FKUdWodnpaMA0JZZPHGCimdsVkRHWmFgXUMmFECyfvArt81rg+O6i0rjO4yjCCZzCGQRwCQ24hSa0gMAjPMMrvHnKe/HevY9Fa8HLZ47hj7zPH/jCjhA=</latexit><latexit sha1_base64="/MO7vRdbLtvC30qq0dc9vYzVFkk=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FScFVmRNDuim5cVrC10A4lk2ba2FyGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5RwZqzvf3uFtfWNza3idmlnd2//oHx41DYq1YS2iOJKdyJsKGeStiyznHYSTbGIOH2Ixjez+sMT1YYpeW8nCQ0FHkoWM4Kts9r1eq3eq/bLFb/mz4VWIcihArma/fJXb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06lFhQE2bzbaeo6pwBipV2T1o0d39PZFgYMxGR6xTYjsxybWb+V+umNr4KMyaT1FJJFh/FKUdWodnpaMA0JZZPHGCimdsVkRHWmFgXUMmFECyfvArt81rg+O6i0rjO4yjCCZzCGQRwCQ24hSa0gMAjPMMrvHnKe/HevY9Fa8HLZ47hj7zPH/jCjhA=</latexit>

4He

8Be*
(10-16 s)4He

12C

4He

g

g
4He16O
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Measuring reaction rates is remarkably challenging

3He(3He,2p)4He
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Measuring reaction rates is remarkably challenging

3He(3He,2p)4He

To cautiously go where no 
experiment has gone before
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Configuration Interaction
No Core Shell Model (NCSM)

N = 0
<latexit sha1_base64="bRGYmM3PGtG9BgauyqRa9Bdh/q8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXiSCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKGTTDH0WSIS1QqpRsEl+oYbga1UIY1Dgc1weDv1m0+oNE/koxmlGMS0L3nEGTVW8u/JNXG7pbJbcWcgy8TLSRly1Lulr04vYVmM0jBBtW57bmqCMVWGM4GTYifTmFI2pH1sWyppjDoYz46dkFOr9EiUKFvSkJn6e2JMY61HcWg7Y2oGetGbiv957cxEV8GYyzQzKNl8UZQJYhIy/Zz0uEJmxMgSyhS3txI2oIoyY/Mp2hC8xZeXSaNa8c4r1YeLcu0mj6MAx3ACZ+DBJdTgDurgAwMOz/AKb450Xpx352PeuuLkM0fwB87nD0P/jas=</latexit>

N = 1
<latexit sha1_base64="oV3G4HSuf29FDymN/333Qz1cVb8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXiSCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKGTTDH0WSIS1QqpRsEl+oYbga1UIY1Dgc1weDv1m0+oNE/koxmlGMS0L3nEGTVW8u/JNfG6pbJbcWcgy8TLSRly1Lulr04vYVmM0jBBtW57bmqCMVWGM4GTYifTmFI2pH1sWyppjDoYz46dkFOr9EiUKFvSkJn6e2JMY61HcWg7Y2oGetGbiv957cxEV8GYyzQzKNl8UZQJYhIy/Zz0uEJmxMgSyhS3txI2oIoyY/Mp2hC8xZeXSaNa8c4r1YeLcu0mj6MAx3ACZ+DBJdTgDurgAwMOz/AKb450Xpx352PeuuLkM0fwB87nD0WDjaw=</latexit>

~!
<latexit sha1_base64="EAOiveVD0d3NI7sP1mtwcPEz9Dw=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME84DdJcxOOsmQeSwzs0JY8hlePCji1a/x5t84SfagiQUNRVU33V1Jypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZmm0KKKK91NiAHOJLQssxy6qQYiEg6dZHw38ztPoA1T8tFOUogFGUo2YJRYJ4XRKCE6UgKGpFep+jV/DrxKgoJUUYFmr/IV9RXNBEhLOTEmDPzUxjnRllEO03KUGUgJHZMhhI5KIsDE+fzkKT53Sh8PlHYlLZ6rvydyIoyZiMR1CmJHZtmbif95YWYHN3HOZJpZkHSxaJBxbBWe/Y/7TAO1fOIIoZq5WzEdEU2odSmVXQjB8surpF2vBZe1+sNVtXFbxFFCp+gMXaAAXaMGukdN1EIUKfSMXtGbZ70X7937WLSuecXMCfoD7/MHV3yRSg==</latexit>

Nmax = 2
<latexit sha1_base64="dr+aTSQL547Syy7BtXDw2o4WiVg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxUQTdC0Y0rqWAf0A5DJs20oUlmSDLSMsyvuHGhiFt/xJ1/Y6adhbYeCBzOuZd7coKYUaUd59sqra1vbG6Vtys7u3v7B/ZhtaOiRGLSxhGLZC9AijAqSFtTzUgvlgTxgJFuMLnN/e4TkYpG4lHPYuJxNBI0pBhpI/l29d5PBxzpseQpR9Msu274ds2pO3PAVeIWpAYKtHz7azCMcMKJ0JghpfquE2svRVJTzEhWGSSKxAhP0Ij0DRWIE+Wl8+wZPDXKEIaRNE9oOFd/b6SIKzXjgZnMY6plLxf/8/qJDq+8lIo40UTgxaEwYVBHMC8CDqkkWLOZIQhLarJCPEYSYW3qqpgS3OUvr5JOo+6e1xsPF7XmTVFHGRyDE3AGXHAJmuAOtEAbYDAFz+AVvFmZ9WK9Wx+L0ZJV7ByBP7A+fwBMX5Sa</latexit>

Discrete structure
information input

For a complete ab initio description, we need to include both 
structure and reaction dynamics
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Continuous dynamical
input (clustering/reactions)

+
X

⌫

Z
dru⌫(r)

<latexit sha1_base64="IpUfSVVQEeTeig+eoI1UHwIoM/s=">AAACEHicbVDLSgMxFM3UV62vqks3wSJWhDJTBV0W3bisYB/QKUMmk2lDk8yQhzAM/QQ3/oobF4q4denOvzF9LLR6IHByzr3ce0+YMqq06345haXlldW14nppY3Nre6e8u9dWiZGYtHDCEtkNkSKMCtLSVDPSTSVBPGSkE46uJ37nnkhFE3Gns5T0ORoIGlOMtJWC8vGpH1GVMpQpnTHiK8MDXxifCg0jCc3kU5UnMChX3Jo7BfxLvDmpgDmaQfnTjxJsOBEaM6RUz3NT3c+R1BQzMi75RpEU4REakJ6lAnGi+vn0oDE8skoE40TaZxeZqj87csSVynhoKznSQ7XoTcT/vJ7R8WU/pyI1mgg8GxQbBnUCJ+nAiEqCNcssQVhSuyvEQyQR1jbDkg3BWzz5L2nXa95ZrX57XmlczeMoggNwCKrAAxegAW5AE7QABg/gCbyAV+fReXbenPdZacGZ9+yDX3A+vgGVZJzl</latexit>

|
<latexit sha1_base64="3S7e63ZJ+SLpPBFpwSdafXh3lMs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtaEIF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AO2XjQQ=</latexit>

i
<latexit sha1_base64="W7kl9hCy1LhyuISuTnv2qfX5iJg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW19lCvNG7zOIpwBudwCR5cQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Kmj5k=</latexit>

|
<latexit sha1_base64="3S7e63ZJ+SLpPBFpwSdafXh3lMs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtaEIF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AO2XjQQ=</latexit>

i
<latexit sha1_base64="W7kl9hCy1LhyuISuTnv2qfX5iJg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01dUjgQOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW19lCvNG7zOIpwBudwCR5cQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzB2Kmj5k=</latexit>
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X
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<latexit sha1_base64="bdBota+F4Y07QXg00f6l/E6hPDo=">AAACFHicbZBNS8MwGMfT+Tbn29Sjl+AQBGG0U9CLMPTicYJ7gbWUNE23sCQtSSqUsg/hxa/ixYMiXj1489uYbUV08w+BH//neZI8/yBhVGnb/rJKS8srq2vl9crG5tb2TnV3r6PiVGLSxjGLZS9AijAqSFtTzUgvkQTxgJFuMLqe1Lv3RCoaizudJcTjaCBoRDHSxvKrJ25LUXgJ3ZCqhKFM6YwRV6Xcd5m5JUQQ/5Bfrdl1eyq4CE4BNVCo5Vc/3TDGKSdCY4aU6jt2or0cSU0xI+OKmyqSIDxCA9I3KBAnysunS43hkXFCGMXSHKHh1P09kSOuVMYD08mRHqr52sT8r9ZPdXTh5VQkqSYCzx6KUgZ1DCcJwZBKgjXLDCAsqfkrxEMkEdYmx4oJwZlfeRE6jbpzWm/cntWaV0UcZXAADsExcMA5aIIb0AJtgMEDeAIv4NV6tJ6tN+t91lqyipl98EfWxzdyYp5x</latexit>
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Chiral effective field theory interactions provide a 
direct link between the nuclear interactions and QCD. 

NN force 3N force 4N force

Systematic expansion
of the nuclear force
means quantifiable 
uncertainties!

Few diagrams means few 
parameters that must be
constrained from experiments.

Many-nucleon forces appear
organically.

Three-Nucleon forces make 
calculations order-of-magnitude
more expensive.
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High Performance Computing is an essential tool for an ab initio 
theory of nuclear reactions.

PRC 90, 061601(R)
PR

L114, 212502
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High-Performance Computing is essential for ab initio theory. 
Novel architectures allow for previously impossible calculations.

J = 17 (24M) J = 15 (43M) J = 13 (69M) J = 11 (101M) J = 17 (24M) J = 15 (43M)
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Significant speedups coupled with efficient emulators make 
uncertainty quantification of theoretical predictions possible.
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Calculations using interactions derived from chiral EFT 
reproduce experimental data.
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We can extract universal features of the reaction process by 
leveraging multiple calculations with different interactions
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Conclusions & Outlook

§ Ab initio reaction theory provides a path 
forward for the evaluation of nuclear data 
with increased precision.

§ Theoretical uncertainties can now be 
quantified though more contributions 
need to be included.

§ Theory alone is not the answer! We need 
high-precision experimental data that will 
put predictiveness to the test and guide
the evaluation.
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