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Nuclear Data for the Next Decade

First principles calculations of light-ion 
reactions as a tool for nuclear data.
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• V&V for fusion 
• Improved lithium cross sections for 

T-breeding
• T transport
• Exotic fusion energy approaches
• Neutron multiplication from 

beryllium
• Interactions with tritium breeding 

blanket materials
• Improved neutron standards
• Predictive nuclear data

The times they are a-changin’ 
     –Bob Dylan
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• Light-ion cross sections 
relevant to big bang 
nucleosynthesis/solar fusion

• Light-ion reaction networks

• Improved modeling for 
stockpile stewardship 
applications

“The more things change, the more they stay 
the same” –Jean-Baptiste Alphonse Karr
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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>
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• Concerns:
• It only gets as good as the data you 

use to fit to—predictiveness is 
limited

• Consequently, model error is 
difficult to quantify (including ad 
hoc choices, channel radius)

• Treatment of non-resonant 
processes may require non-
observables as input. 

Currently, the phenomenological R-matrix provides 
the backbone for such evaluations.
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• Concerns:
• It only gets as good as the data you 

use to fit to—predictiveness is 
limited

• Consequently, model error is 
difficult to quantify (including ad 
hoc choices, channel radius)

• Treatment of non-resonant 
processes may require non-
observables as input. 

Currently, the phenomenological R-matrix provides 
the backbone for such evaluations.

https://events.ornl.gov/rmatrix/

Shameless plug:

KWWSV���TU�FRGHV�+2/0V*
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How low can you go? Ab initio theory removes quite a 
few (if not all) the assumptions made in modeling.

Quantum 
Chromodynamics
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How low can you go? Ab initio theory removes quite a 
few (if not all) the assumptions made in modeling.

Quantum 
Chromodynamics

All active (point-like) nucleons,
non-relativistic quantum mechanics

Systematic 
expansion of the 
nuclear force

Fit to few-body observables 
(masses, decay rates)

Unified ab initio many-body approach 
to structure and reactions
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Describing the dynamical reaction process maintains 
the internal degrees of freedom of the nucleus

Target internal DOFs give 
mass/decay rates

Projectile internal DOFs 
give mass/decay rates

Aggregate system 
properties also tied in
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• Ab initio single-nucleon reaction 
calculations for nuclei beyond 
oxygen are prohibitive

•  Composite incoming nuclei are 
significantly more challenging

• Look into low-fidelity 
approaches to extend the 
reach--not evaluation quality 
but insights can be gained

The full quantum-mechanical treatment of a reaction 
at the many-body level is computationally expensive
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Making accurate predictions begs the question of the 
impact of parametric uncertainties

PRC 90, 061601(R) PRL114, 212502
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Since it works, we should go ahead and use it: 
Predicting solar fusion reaction cross sections

Non-trivial 
extrapolation

Evaluation uncertainty dominated by theory
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Since it works, we should go ahead and use it: 
Predicting solar fusion reaction cross sections

Non-trivial 
extrapolation

Evaluation uncertainty dominated by theory

To cautiously go where no 
experiment has gone before
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Ab initio theory of nuclear reactions provides a good 
description of available capture data.
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We can extract universal features of the reaction with 
multiple calculations using different interactions
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multiple calculations using different interactions

0.40 0.45 0.50 0.55 0.60 0.65 0.70
C2

p1/2
+ C2

p3/2
[fm°1]

16

18

20

22

24

26

28

S
17

(0
)

[e
v·

b
]

Theoretical Uncertainty

Experimental Uncertainty

(a)

Reccomended
N2LO+3Nlnl

N3LO+3Nlnl

N4LO+3Nlnl

N4LO+3Nlnl(E7)
N3LO§+3Nloc

N3LO§+3Nlnl

14 16 18 20 22 24
S17(250) [ev·b]

Theoretical Uncertainty

Experimental Uncertainty

(b)

Reccomended
N2LO+3Nlnl

N3LO+3Nlnl

N4LO+3Nlnl

N4LO+3Nlnl(E7)
N3LO§+3Nloc

N3LO§+3Nlnl

0.0 0.1 0.2 0.3 0.4 0.5
ECM [MeV]

(c)

Filippone
Strieder
Hammache

Baby
Junghans
Schuemann

GSI-1
Davids
Kikuchi



20
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We can extract universal features of the reaction with 
multiple calculations using different interactions
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Ab initio nuclear reaction theory can provide an independent 
method for predicting standards cross sections
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6Li(n,T)
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6Li(n,T)

Ab initio nuclear reaction theory can provide an independent 
method for predicting standards cross sections

GLS till the cows 
come home
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Ab initio nuclear reaction theory can provide an independent 
method for predicting standards cross sections

10°2 10°1 100

ECM (MeV)

10°1

100

6
L
i(
n
,t
)Æ

(b
ar

n
)

NCSMC parameters tuned to 
reproduce reaction cross section
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Ab initio nuclear reaction theory can provide an independent 
method for predicting standards cross sections
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NCSMC parameters tuned to 
reproduce reaction cross section

Angular distributions are predicted 
with no further experimental input
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Ab initio nuclear reaction theory can provide an independent 
method for predicting standards cross sections
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DISCLAIMER: Pseudostates used to model 3-body continuum
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Coulomb generalized Faddeev (CGF) theory provides an 
exact description of ternary reactions

• Only exact method for 
three-body dynamics

• Phenomenological 
interactions between 
particle pairs

Y2Y1 Y3

+ +Y =
a

a
a

a
a

a

Work by Linda Hlophe
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There ain’t nothing in this world for free: 
Revisiting irreducible 3-body forces.
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L. Hlophe, KK, and S. Quaglioni, Phys. Rev. C 107, 014315
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Approaching usefulness: first steps towards inelastic 
scattering descriptions in higher-mass nuclei 
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Physical Review C 109 (5), 054603

Elastic scattering only. 
Inelastic scattering in progress.
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1. First evaluation of a light system with all (binary) competing channels.
• Probably 4He aggregate.
• GNDS files for realizations
• Model mixing for calculations with different priors, using all available data.

2. Covariance between cross sections across different nuclei.
3. Three-body channels & effects in microscopic light-ion reactions: 9Be(n,2n), 

6Li(n,nd)a, 7Li(n,nt)a
4. Robust method for describing Inelastic scattering in not-super-light nuclei
5. Covariances and connections between different channels: (d,p)/(n,g), 

(6Li,d)/(a,g), (t,p)/(2n,g).
6. Microscopic cluster optical potentials from folding + corrections 
7. I ran out of space (and probably years).

My personal next-decade laundry list.
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1. First evaluation of a light system with all 
(binary) competing channels.

2. Covariance between cross sections across 
different nuclei.

3. Three-body channels & effects in microscopic 
light-ion reactions

4. Robust method for describing Inelastic 
scattering in not-super-light nuclei

5. Covariances and connections between 
different channels

6. Microscopic cluster optical potentials from 
folding + corrections 

7. I ran out of space (and probably years).

My personal next-decade laundry list.

Maybe we should 
pause and check the 
AI generated code

No! Keep the pace; you 
see it works!
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Thank you!
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Low-energy direct capture cross section magnitude is 
determined by the asymptotic normalization coefficient(s)

Evaluation uncertainty dominated by theory

Each dot a different R-matrix fit.
All give roughly the same capture

Rev. Mod. Phys. 97, 035002 (2025)
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The use of nuclear interactions that originate in chiral 
EFT have significant implications for evaluations

• Single set of inputs for all 
predictions—covariances to 
a new level

• Covariances between 
ENSDF quantities and cross 
sections can be calculated

• Cross-material covariances 
can be recursively 
calculated.
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+4He Mass +4He Radius
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Sensitivity index for cross sections will help identify 
correlated parameters of the nuclear force 
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Will require HPC 
improvements and some 
decent ML for heavier 
systems
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