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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>

§  Neutrinos are produced 
at several stages of the 
p-p chain. 

§  The second most 
energetic neutrinos are 
produced by Boron β 
decay. 

§  Mismatch between 
theory and observation  
could indicate new 
physics. 
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The	Quantity	of	Interest	

�(E) =
S(E)

E
exp (�2⇡⌘(E))

<latexit sha1_base64="HUlRRIAFiTt7fui5CgAX6Ti26Fs=">AAACInicbVDLSgMxFM34tr6qLt0Ei1AXykwR1IVQFMGlom2FppRMeqcNzTxI7ohlmG9x46+4caGoK8GPMa1d+DoQODnnXJJ7/ERJg6777kxMTk3PzM7NFxYWl5ZXiqtrdROnWkBNxCrW1z43oGQENZSo4DrRwENfQcPvnwz9xg1oI+PoCgcJtELejWQgBUcrtYuHzMhuyMun2/SIskBzkV3aS56d5gxuk4wpCLC8U2GJZIDDHN Oy28PtvF0subvuCPQv8cakRMY4bxdfWScWaQgRCsWNaXpugq2Ma5RCQV5gqYGEiz7vQtPSiIdgWtloxZxuWaVDg1jbEyEdqd8nMh4aMwh9mww59sxvbyj+5zVTDA5amYySFCESXw8FqaIY02FftCM1CFQDS7jQ0v6Vih63PaFttWBL8H6v/JfUK7ue5Rd7perxuI45skE2SZl4ZJ9UyRk5JzUiyB15IE/k2bl3Hp0X5+0rOuGMZ9bJDzgfn+mGoq4=</latexit><latexit sha1_base64="HUlRRIAFiTt7fui5CgAX6Ti26Fs=">AAACInicbVDLSgMxFM34tr6qLt0Ei1AXykwR1IVQFMGlom2FppRMeqcNzTxI7ohlmG9x46+4caGoK8GPMa1d+DoQODnnXJJ7/ERJg6777kxMTk3PzM7NFxYWl5ZXiqtrdROnWkBNxCrW1z43oGQENZSo4DrRwENfQcPvnwz9xg1oI+PoCgcJtELejWQgBUcrtYuHzMhuyMun2/SIskBzkV3aS56d5gxuk4wpCLC8U2GJZIDDHN Oy28PtvF0subvuCPQv8cakRMY4bxdfWScWaQgRCsWNaXpugq2Ma5RCQV5gqYGEiz7vQtPSiIdgWtloxZxuWaVDg1jbEyEdqd8nMh4aMwh9mww59sxvbyj+5zVTDA5amYySFCESXw8FqaIY02FftCM1CFQDS7jQ0v6Vih63PaFttWBL8H6v/JfUK7ue5Rd7perxuI45skE2SZl4ZJ9UyRk5JzUiyB15IE/k2bl3Hp0X5+0rOuGMZ9bJDzgfn+mGoq4=</latexit><latexit sha1_base64="HUlRRIAFiTt7fui5CgAX6Ti26Fs=">AAACInicbVDLSgMxFM34tr6qLt0Ei1AXykwR1IVQFMGlom2FppRMeqcNzTxI7ohlmG9x46+4caGoK8GPMa1d+DoQODnnXJJ7/ERJg6777kxMTk3PzM7NFxYWl5ZXiqtrdROnWkBNxCrW1z43oGQENZSo4DrRwENfQcPvnwz9xg1oI+PoCgcJtELejWQgBUcrtYuHzMhuyMun2/SIskBzkV3aS56d5gxuk4wpCLC8U2GJZIDDHN Oy28PtvF0subvuCPQv8cakRMY4bxdfWScWaQgRCsWNaXpugq2Ma5RCQV5gqYGEiz7vQtPSiIdgWtloxZxuWaVDg1jbEyEdqd8nMh4aMwh9mww59sxvbyj+5zVTDA5amYySFCESXw8FqaIY02FftCM1CFQDS7jQ0v6Vih63PaFttWBL8H6v/JfUK7ue5Rd7perxuI45skE2SZl4ZJ9UyRk5JzUiyB15IE/k2bl3Hp0X5+0rOuGMZ9bJDzgfn+mGoq4=</latexit><latexit sha1_base64="HUlRRIAFiTt7fui5CgAX6Ti26Fs=">AAACInicbVDLSgMxFM34tr6qLt0Ei1AXykwR1IVQFMGlom2FppRMeqcNzTxI7ohlmG9x46+4caGoK8GPMa1d+DoQODnnXJJ7/ERJg6777kxMTk3PzM7NFxYWl5ZXiqtrdROnWkBNxCrW1z43oGQENZSo4DrRwENfQcPvnwz9xg1oI+PoCgcJtELejWQgBUcrtYuHzMhuyMun2/SIskBzkV3aS56d5gxuk4wpCLC8U2GJZIDDHN Oy28PtvF0subvuCPQv8cakRMY4bxdfWScWaQgRCsWNaXpugq2Ma5RCQV5gqYGEiz7vQtPSiIdgWtloxZxuWaVDg1jbEyEdqd8nMh4aMwh9mww59sxvbyj+5zVTDA5amYySFCESXw8FqaIY02FftCM1CFQDS7jQ0v6Vih63PaFttWBL8H6v/JfUK7ue5Rd7perxuI45skE2SZl4ZJ9UyRk5JzUiyB15IE/k2bl3Hp0X5+0rOuGMZ9bJDzgfn+mGoq4=</latexit>

r12 =
n1n2

1 + �12
h�vi12

<latexit sha1_base64="qLOxKhI2gKXh/3QoBiH9cvxa4jE=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCIEhSBN0oohuXFewFmhJOpid1cDIJMxOhhLyNG1/FjaAiuvRNnKZdeDsw8M3/n8PM+cNUcG1c98OZmZ2bX1isLFWXV1bX1msbm22dZIphiyUiUd0QNAousWW4EdhNFUIcCuyEtxdjv3OHSvNEXptRiv0YhpJHnIGxUlA7VUHuNYoTP1LAchl4MmgUubfvD1AYKL3CFyCHAn3NhzHQO1+V19ILanX3wC2L/gVvCnUyrWZQe/YHCctilIYJ0Lrnuanp56AMZwKLqp9pTIHdwhB7FiXEqPt5uWdBd60yoFGi7JGGlur3iRxirUdxaDtjMDf6tzcW//N6mYmO+zmXaWZQsslDUSaoSeg4NDrgCpkRIwvAFLd/pewGbGLGRlu1IXi/V/4L7caBZ/nqsH52Po2jQrbJDtkjHjkiZ+SSNEmLMHJPHskLeXUenCfnzXmftM4405kt8qOczy9hvKZC</latexit><latexit sha1_base64="qLOxKhI2gKXh/3QoBiH9cvxa4jE=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCIEhSBN0oohuXFewFmhJOpid1cDIJMxOhhLyNG1/FjaAiuvRNnKZdeDsw8M3/n8PM+cNUcG1c98OZmZ2bX1isLFWXV1bX1msbm22dZIphiyUiUd0QNAousWW4EdhNFUIcCuyEtxdjv3OHSvNEXptRiv0YhpJHnIGxUlA7VUHuNYoTP1LAchl4MmgUubfvD1AYKL3CFyCHAn3NhzHQO1+V19ILanX3wC2L/gVvCnUyrWZQe/YHCctilIYJ0Lrnuanp56AMZwKLqp9pTIHdwhB7FiXEqPt5uWdBd60yoFGi7JGGlur3iRxirUdxaDtjMDf6tzcW//N6mYmO+zmXaWZQsslDUSaoSeg4NDrgCpkRIwvAFLd/pewGbGLGRlu1IXi/V/4L7caBZ/nqsH52Po2jQrbJDtkjHjkiZ+SSNEmLMHJPHskLeXUenCfnzXmftM4405kt8qOczy9hvKZC</latexit><latexit sha1_base64="qLOxKhI2gKXh/3QoBiH9cvxa4jE=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCIEhSBN0oohuXFewFmhJOpid1cDIJMxOhhLyNG1/FjaAiuvRNnKZdeDsw8M3/n8PM+cNUcG1c98OZmZ2bX1isLFWXV1bX1msbm22dZIphiyUiUd0QNAousWW4EdhNFUIcCuyEtxdjv3OHSvNEXptRiv0YhpJHnIGxUlA7VUHuNYoTP1LAchl4MmgUubfvD1AYKL3CFyCHAn3NhzHQO1+V19ILanX3wC2L/gVvCnUyrWZQe/YHCctilIYJ0Lrnuanp56AMZwKLqp9pTIHdwhB7FiXEqPt5uWdBd60yoFGi7JGGlur3iRxirUdxaDtjMDf6tzcW//N6mYmO+zmXaWZQsslDUSaoSeg4NDrgCpkRIwvAFLd/pewGbGLGRlu1IXi/V/4L7caBZ/nqsH52Po2jQrbJDtkjHjkiZ+SSNEmLMHJPHskLeXUenCfnzXmftM4405kt8qOczy9hvKZC</latexit><latexit sha1_base64="qLOxKhI2gKXh/3QoBiH9cvxa4jE=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCIEhSBN0oohuXFewFmhJOpid1cDIJMxOhhLyNG1/FjaAiuvRNnKZdeDsw8M3/n8PM+cNUcG1c98OZmZ2bX1isLFWXV1bX1msbm22dZIphiyUiUd0QNAousWW4EdhNFUIcCuyEtxdjv3OHSvNEXptRiv0YhpJHnIGxUlA7VUHuNYoTP1LAchl4MmgUubfvD1AYKL3CFyCHAn3NhzHQO1+V19ILanX3wC2L/gVvCnUyrWZQe/YHCctilIYJ0Lrnuanp56AMZwKLqp9pTIHdwhB7FiXEqPt5uWdBd60yoFGi7JGGlur3iRxirUdxaDtjMDf6tzcW//N6mYmO+zmXaWZQsslDUSaoSeg4NDrgCpkRIwvAFLd/pewGbGLGRlu1IXi/V/4L7caBZ/nqsH52Po2jQrbJDtkjHjkiZ+SSNEmLMHJPHskLeXUenCfnzXmftM4405kt8qOczy9hvKZC</latexit>

h�vi12 ⇠
Z 1

0
E�(E)e�E/kT dE

<latexit sha1_base64="wJjUAevKw71opvgTHh/2UoZ16C8="></latexit><latexit sha1_base64="wJjUAevKw71opvgTHh/2UoZ16C8="></latexit><latexit sha1_base64="wJjUAevKw71opvgTHh/2UoZ16C8="></latexit><latexit sha1_base64="wJjUAevKw71opvgTHh/2UoZ16C8="></latexit>

How fast do these reactions happen? 
 
If put everything we know together, 
can we reconstruct what we observe? 

p+ p ! d+ e+ + ⌫e
<latexit sha1_base64="XK+ojmH1zdVfll7jsC8fn3f70p0=">AAACCHicbZDLSsNAFIYn9VbrrerShYNFEAolEUGXRTcuK9gLNDFMJqft0MkkzEyUErp046u4caGIWx/BnW/jtM1CW38Y+PjPOZw5f5BwprRtf1uFpeWV1bXiemljc2t7p7y711JxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB8GpSb9+DVCwWt3qUgBeRvmA9Rok2ll8+THAVJ9iVrD/QRMr4AYdVuKsa1xWpD365YtfsqfAiODlUUK6GX/5yw5imEQhNOVGq69iJ9jIiNaMcxiU3VZAQOiR96BoUJALlZdNDxvjYOCHuxdI8ofHU/T2RkUipURSYzojogZqvTcz/at1U9y68jIkk1SDobFEv5VjHeJIKDpkEqvnIAKGSmb9iOiCSUG2yK5kQnPmTF6F1WnMM35xV6pd5HEV0gI7QCXLQOaqja9RATUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucP6GqX/A==</latexit><latexit sha1_base64="XK+ojmH1zdVfll7jsC8fn3f70p0=">AAACCHicbZDLSsNAFIYn9VbrrerShYNFEAolEUGXRTcuK9gLNDFMJqft0MkkzEyUErp046u4caGIWx/BnW/jtM1CW38Y+PjPOZw5f5BwprRtf1uFpeWV1bXiemljc2t7p7y711JxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB8GpSb9+DVCwWt3qUgBeRvmA9Rok2ll8+THAVJ9iVrD/QRMr4AYdVuKsa1xWpD365YtfsqfAiODlUUK6GX/5yw5imEQhNOVGq69iJ9jIiNaMcxiU3VZAQOiR96BoUJALlZdNDxvjYOCHuxdI8ofHU/T2RkUipURSYzojogZqvTcz/at1U9y68jIkk1SDobFEv5VjHeJIKDpkEqvnIAKGSmb9iOiCSUG2yK5kQnPmTF6F1WnMM35xV6pd5HEV0gI7QCXLQOaqja9RATUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucP6GqX/A==</latexit><latexit sha1_base64="XK+ojmH1zdVfll7jsC8fn3f70p0=">AAACCHicbZDLSsNAFIYn9VbrrerShYNFEAolEUGXRTcuK9gLNDFMJqft0MkkzEyUErp046u4caGIWx/BnW/jtM1CW38Y+PjPOZw5f5BwprRtf1uFpeWV1bXiemljc2t7p7y711JxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB8GpSb9+DVCwWt3qUgBeRvmA9Rok2ll8+THAVJ9iVrD/QRMr4AYdVuKsa1xWpD365YtfsqfAiODlUUK6GX/5yw5imEQhNOVGq69iJ9jIiNaMcxiU3VZAQOiR96BoUJALlZdNDxvjYOCHuxdI8ofHU/T2RkUipURSYzojogZqvTcz/at1U9y68jIkk1SDobFEv5VjHeJIKDpkEqvnIAKGSmb9iOiCSUG2yK5kQnPmTF6F1WnMM35xV6pd5HEV0gI7QCXLQOaqja9RATUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucP6GqX/A==</latexit><latexit sha1_base64="XK+ojmH1zdVfll7jsC8fn3f70p0=">AAACCHicbZDLSsNAFIYn9VbrrerShYNFEAolEUGXRTcuK9gLNDFMJqft0MkkzEyUErp046u4caGIWx/BnW/jtM1CW38Y+PjPOZw5f5BwprRtf1uFpeWV1bXiemljc2t7p7y711JxKik0acxj2QmIAs4ENDXTHDqJBBIFHNrB8GpSb9+DVCwWt3qUgBeRvmA9Rok2ll8+THAVJ9iVrD/QRMr4AYdVuKsa1xWpD365YtfsqfAiODlUUK6GX/5yw5imEQhNOVGq69iJ9jIiNaMcxiU3VZAQOiR96BoUJALlZdNDxvjYOCHuxdI8ofHU/T2RkUipURSYzojogZqvTcz/at1U9y68jIkk1SDobFEv5VjHeJIKDpkEqvnIAKGSmb9iOiCSUG2yK5kQnPmTF6F1WnMM35xV6pd5HEV0gI7QCXLQOaqja9RATUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucP6GqX/A==</latexit>

d+ p ! 3
He + �

<latexit sha1_base64="82yMBT6TditaL2pxnRtikds0iA4=">AAACGHicbZDLahtBEEV7/I78iOIss2ksDAaDPOMYnKWwN14qENkGjSxqWiWpcT+G7honYtBneONf8caLhJCtdvkbt2Qt/LrQcLhVRXXdLFfSUxz/jxYWl5ZXVtc+VNY3Nrc+Vj9tn3tbOIEtYZV1lxl4VNJgiyQpvMwdgs4UXmTXp9P6xQ06L635QaMcOxoGRvalAApWt3rQ4/s856mTgyGBc/YnT/MhGLK6rI+vvqaEv6g8w/F+OgCtoVutxfV4Jv4WkjnU2FzNbnWS9qwoNBoSCrxvJ3FOnRIcSaFwXEkLjzmIaxhgO6ABjb5Tzg4b893g9HjfuvAM8Zn7fKIE7f1IZ6FTAw3969rUfK/WLqj/rVNKkxeERjwt6heKk+XTlHhPOhSkRgFAOBn+ysUQHAgKWVZCCMnrk9/C+WE9Cfz9qNY4mcexxr6wHbbHEnbMGuyMNVmLCXbL7tlv9ie6ix6iv9G/p9aFaD7zmb1QNHkEW/2f/w==</latexit><latexit sha1_base64="82yMBT6TditaL2pxnRtikds0iA4=">AAACGHicbZDLahtBEEV7/I78iOIss2ksDAaDPOMYnKWwN14qENkGjSxqWiWpcT+G7honYtBneONf8caLhJCtdvkbt2Qt/LrQcLhVRXXdLFfSUxz/jxYWl5ZXVtc+VNY3Nrc+Vj9tn3tbOIEtYZV1lxl4VNJgiyQpvMwdgs4UXmTXp9P6xQ06L635QaMcOxoGRvalAApWt3rQ4/s856mTgyGBc/YnT/MhGLK6rI+vvqaEv6g8w/F+OgCtoVutxfV4Jv4WkjnU2FzNbnWS9qwoNBoSCrxvJ3FOnRIcSaFwXEkLjzmIaxhgO6ABjb5Tzg4b893g9HjfuvAM8Zn7fKIE7f1IZ6FTAw3969rUfK/WLqj/rVNKkxeERjwt6heKk+XTlHhPOhSkRgFAOBn+ysUQHAgKWVZCCMnrk9/C+WE9Cfz9qNY4mcexxr6wHbbHEnbMGuyMNVmLCXbL7tlv9ie6ix6iv9G/p9aFaD7zmb1QNHkEW/2f/w==</latexit><latexit sha1_base64="82yMBT6TditaL2pxnRtikds0iA4=">AAACGHicbZDLahtBEEV7/I78iOIss2ksDAaDPOMYnKWwN14qENkGjSxqWiWpcT+G7honYtBneONf8caLhJCtdvkbt2Qt/LrQcLhVRXXdLFfSUxz/jxYWl5ZXVtc+VNY3Nrc+Vj9tn3tbOIEtYZV1lxl4VNJgiyQpvMwdgs4UXmTXp9P6xQ06L635QaMcOxoGRvalAApWt3rQ4/s856mTgyGBc/YnT/MhGLK6rI+vvqaEv6g8w/F+OgCtoVutxfV4Jv4WkjnU2FzNbnWS9qwoNBoSCrxvJ3FOnRIcSaFwXEkLjzmIaxhgO6ABjb5Tzg4b893g9HjfuvAM8Zn7fKIE7f1IZ6FTAw3969rUfK/WLqj/rVNKkxeERjwt6heKk+XTlHhPOhSkRgFAOBn+ysUQHAgKWVZCCMnrk9/C+WE9Cfz9qNY4mcexxr6wHbbHEnbMGuyMNVmLCXbL7tlv9ie6ix6iv9G/p9aFaD7zmb1QNHkEW/2f/w==</latexit><latexit sha1_base64="82yMBT6TditaL2pxnRtikds0iA4=">AAACGHicbZDLahtBEEV7/I78iOIss2ksDAaDPOMYnKWwN14qENkGjSxqWiWpcT+G7honYtBneONf8caLhJCtdvkbt2Qt/LrQcLhVRXXdLFfSUxz/jxYWl5ZXVtc+VNY3Nrc+Vj9tn3tbOIEtYZV1lxl4VNJgiyQpvMwdgs4UXmTXp9P6xQ06L635QaMcOxoGRvalAApWt3rQ4/s856mTgyGBc/YnT/MhGLK6rI+vvqaEv6g8w/F+OgCtoVutxfV4Jv4WkjnU2FzNbnWS9qwoNBoSCrxvJ3FOnRIcSaFwXEkLjzmIaxhgO6ABjb5Tzg4b893g9HjfuvAM8Zn7fKIE7f1IZ6FTAw3969rUfK/WLqj/rVNKkxeERjwt6heKk+XTlHhPOhSkRgFAOBn+ysUQHAgKWVZCCMnrk9/C+WE9Cfz9qNY4mcexxr6wHbbHEnbMGuyMNVmLCXbL7tlv9ie6ix6iv9G/p9aFaD7zmb1QNHkEW/2f/w==</latexit>

3
He +

3
He ! 4

He + p+ p
<latexit sha1_base64="b/L3Y23V/isH4Lf/VtuqEj5IBO0=">AAACP3icbVBNSwMxFMz6WetX1aOXYBEEoexqQY9FLx4VbC10a8mmr20wmyzJW7Us/Wde/AvevHrxoIhXb6a1SP0YeDDMzCN5EyVSWPT9R29qemZ2bj63kF9cWl5ZLayt16xODYcq11KbesQsSKGgigIl1BMDLI4kXERXx0P/4hqMFVqdYz+BZsy6SnQEZ+ikVqEWJj2mUMdZaXC5HyLcYnYCg93/5dCIbg+ZMfpmMlD+DtBdmgynVSj6JX8E+pcEY1IkY5y2Cg9hW/M0BoVcMmsbgZ9gM2MGBZcwyIephYTxK9aFhqOKxWCb2ej+Ad12Spt2tHGjkI7UyY2Mxdb248glY4Y9+9sbiv95jRQ7h81MqCRFUPzroU4qKWo6LJO2hQGOsu8I40a4v1LeY4ZxdJXnXQnB75P/ktpeKXD8rFysHI3ryJFNskV2SEAOSIWckFNSJZzckSfyQl69e+/Ze/Pev6JT3nhng/yA9/EJsEGw/g==</latexit><latexit sha1_base64="b/L3Y23V/isH4Lf/VtuqEj5IBO0=">AAACP3icbVBNSwMxFMz6WetX1aOXYBEEoexqQY9FLx4VbC10a8mmr20wmyzJW7Us/Wde/AvevHrxoIhXb6a1SP0YeDDMzCN5EyVSWPT9R29qemZ2bj63kF9cWl5ZLayt16xODYcq11KbesQsSKGgigIl1BMDLI4kXERXx0P/4hqMFVqdYz+BZsy6SnQEZ+ikVqEWJj2mUMdZaXC5HyLcYnYCg93/5dCIbg+ZMfpmMlD+DtBdmgynVSj6JX8E+pcEY1IkY5y2Cg9hW/M0BoVcMmsbgZ9gM2MGBZcwyIephYTxK9aFhqOKxWCb2ej+Ad12Spt2tHGjkI7UyY2Mxdb248glY4Y9+9sbiv95jRQ7h81MqCRFUPzroU4qKWo6LJO2hQGOsu8I40a4v1LeY4ZxdJXnXQnB75P/ktpeKXD8rFysHI3ryJFNskV2SEAOSIWckFNSJZzckSfyQl69e+/Ze/Pev6JT3nhng/yA9/EJsEGw/g==</latexit><latexit sha1_base64="b/L3Y23V/isH4Lf/VtuqEj5IBO0=">AAACP3icbVBNSwMxFMz6WetX1aOXYBEEoexqQY9FLx4VbC10a8mmr20wmyzJW7Us/Wde/AvevHrxoIhXb6a1SP0YeDDMzCN5EyVSWPT9R29qemZ2bj63kF9cWl5ZLayt16xODYcq11KbesQsSKGgigIl1BMDLI4kXERXx0P/4hqMFVqdYz+BZsy6SnQEZ+ikVqEWJj2mUMdZaXC5HyLcYnYCg93/5dCIbg+ZMfpmMlD+DtBdmgynVSj6JX8E+pcEY1IkY5y2Cg9hW/M0BoVcMmsbgZ9gM2MGBZcwyIephYTxK9aFhqOKxWCb2ej+Ad12Spt2tHGjkI7UyY2Mxdb248glY4Y9+9sbiv95jRQ7h81MqCRFUPzroU4qKWo6LJO2hQGOsu8I40a4v1LeY4ZxdJXnXQnB75P/ktpeKXD8rFysHI3ryJFNskV2SEAOSIWckFNSJZzckSfyQl69e+/Ze/Pev6JT3nhng/yA9/EJsEGw/g==</latexit><latexit sha1_base64="b/L3Y23V/isH4Lf/VtuqEj5IBO0=">AAACP3icbVBNSwMxFMz6WetX1aOXYBEEoexqQY9FLx4VbC10a8mmr20wmyzJW7Us/Wde/AvevHrxoIhXb6a1SP0YeDDMzCN5EyVSWPT9R29qemZ2bj63kF9cWl5ZLayt16xODYcq11KbesQsSKGgigIl1BMDLI4kXERXx0P/4hqMFVqdYz+BZsy6SnQEZ+ikVqEWJj2mUMdZaXC5HyLcYnYCg93/5dCIbg+ZMfpmMlD+DtBdmgynVSj6JX8E+pcEY1IkY5y2Cg9hW/M0BoVcMmsbgZ9gM2MGBZcwyIephYTxK9aFhqOKxWCb2ej+Ad12Spt2tHGjkI7UyY2Mxdb248glY4Y9+9sbiv95jRQ7h81MqCRFUPzroU4qKWo6LJO2hQGOsu8I40a4v1LeY4ZxdJXnXQnB75P/ktpeKXD8rFysHI3ryJFNskV2SEAOSIWckFNSJZzckSfyQl69e+/Ze/Pev6JT3nhng/yA9/EJsEGw/g==</latexit>

3
He + p ! 4

He + e+ + ⌫e
<latexit sha1_base64="Umd7+lL7bf1Irf/Xju+zMFryS70=">AAACMHicbVDLSgMxFM34tr6qLt0EiyAUyowWdFl0oUsFq0KnLZn0tg3NJENyRy1DP8mNn6IbBUXc+hWmtYivAwmHc84luSdKpLDo+0/exOTU9Mzs3HxuYXFpeSW/unZudWo4VLmW2lxGzIIUCqooUMJlYoDFkYSLqHc49C+uwFih1Rn2E6jHrKNEW3CGTmrmj8KkyxTqOCsNGrshwg1mxzAoJqERnS4yY/T190j5K0KLFBpFd4cqbUIzX/BL/gj0LwnGpEDGOGnm78OW5mkMCrlk1tYCP8F6xgwKLmGQC1MLCeM91oGao4rFYOvZaOEB3XJKi7a1cUchHanfJzIWW9uPI5eMGXbtb28o/ufVUmzv1zOhkhRB8c+H2qmkqOmwPdoSBjjKviOMG+H+SnmXGcbRdZxzJQS/V/5LzndKgeOn5ULlYFzHHNkgm2SbBGSPVMgxOSFVwskteSDP5MW78x69V+/tMzrhjWfWyQ947x8T16oZ</latexit><latexit sha1_base64="Umd7+lL7bf1Irf/Xju+zMFryS70=">AAACMHicbVDLSgMxFM34tr6qLt0EiyAUyowWdFl0oUsFq0KnLZn0tg3NJENyRy1DP8mNn6IbBUXc+hWmtYivAwmHc84luSdKpLDo+0/exOTU9Mzs3HxuYXFpeSW/unZudWo4VLmW2lxGzIIUCqooUMJlYoDFkYSLqHc49C+uwFih1Rn2E6jHrKNEW3CGTmrmj8KkyxTqOCsNGrshwg1mxzAoJqERnS4yY/T190j5K0KLFBpFd4cqbUIzX/BL/gj0LwnGpEDGOGnm78OW5mkMCrlk1tYCP8F6xgwKLmGQC1MLCeM91oGao4rFYOvZaOEB3XJKi7a1cUchHanfJzIWW9uPI5eMGXbtb28o/ufVUmzv1zOhkhRB8c+H2qmkqOmwPdoSBjjKviOMG+H+SnmXGcbRdZxzJQS/V/5LzndKgeOn5ULlYFzHHNkgm2SbBGSPVMgxOSFVwskteSDP5MW78x69V+/tMzrhjWfWyQ947x8T16oZ</latexit><latexit sha1_base64="Umd7+lL7bf1Irf/Xju+zMFryS70=">AAACMHicbVDLSgMxFM34tr6qLt0EiyAUyowWdFl0oUsFq0KnLZn0tg3NJENyRy1DP8mNn6IbBUXc+hWmtYivAwmHc84luSdKpLDo+0/exOTU9Mzs3HxuYXFpeSW/unZudWo4VLmW2lxGzIIUCqooUMJlYoDFkYSLqHc49C+uwFih1Rn2E6jHrKNEW3CGTmrmj8KkyxTqOCsNGrshwg1mxzAoJqERnS4yY/T190j5K0KLFBpFd4cqbUIzX/BL/gj0LwnGpEDGOGnm78OW5mkMCrlk1tYCP8F6xgwKLmGQC1MLCeM91oGao4rFYOvZaOEB3XJKi7a1cUchHanfJzIWW9uPI5eMGXbtb28o/ufVUmzv1zOhkhRB8c+H2qmkqOmwPdoSBjjKviOMG+H+SnmXGcbRdZxzJQS/V/5LzndKgeOn5ULlYFzHHNkgm2SbBGSPVMgxOSFVwskteSDP5MW78x69V+/tMzrhjWfWyQ947x8T16oZ</latexit><latexit sha1_base64="Umd7+lL7bf1Irf/Xju+zMFryS70=">AAACMHicbVDLSgMxFM34tr6qLt0EiyAUyowWdFl0oUsFq0KnLZn0tg3NJENyRy1DP8mNn6IbBUXc+hWmtYivAwmHc84luSdKpLDo+0/exOTU9Mzs3HxuYXFpeSW/unZudWo4VLmW2lxGzIIUCqooUMJlYoDFkYSLqHc49C+uwFih1Rn2E6jHrKNEW3CGTmrmj8KkyxTqOCsNGrshwg1mxzAoJqERnS4yY/T190j5K0KLFBpFd4cqbUIzX/BL/gj0LwnGpEDGOGnm78OW5mkMCrlk1tYCP8F6xgwKLmGQC1MLCeM91oGao4rFYOvZaOEB3XJKi7a1cUchHanfJzIWW9uPI5eMGXbtb28o/ufVUmzv1zOhkhRB8c+H2qmkqOmwPdoSBjjKviOMG+H+SnmXGcbRdZxzJQS/V/5LzndKgeOn5ULlYFzHHNkgm2SbBGSPVMgxOSFVwskteSDP5MW78x69V+/tMzrhjWfWyQ947x8T16oZ</latexit>

3
He +

4
He ! 7

Be + �
<latexit sha1_base64="z149Dt9y2IqYLek3c2OAy350xLI="></latexit><latexit sha1_base64="z149Dt9y2IqYLek3c2OAy350xLI="></latexit><latexit sha1_base64="z149Dt9y2IqYLek3c2OAy350xLI="></latexit><latexit sha1_base64="z149Dt9y2IqYLek3c2OAy350xLI="></latexit>

7Be + e� ! 7Li + ⌫e
<latexit sha1_base64="V4rHnTTH4GKb060UCETYQ5mB4v8=">AAACL3icbVDLSgMxFM34tr6qLt0EiyCIZUYEXYqCuHChYFuhU0smvW2DmWRI7qhlmD9y46+4EVHErX9h+lho9UDgcM653NwTJVJY9P1Xb2Jyanpmdm6+sLC4tLxSXF2rWp0aDhWupTbXEbMghYIKCpRwnRhgcSShFt2e9P3aHRgrtLrCXgKNmHWUaAvO0EnN4mmYdJlCHWfl/OYgRHjA7BhyukPhZpeGRnS6yIzR9/Sf4LnId2io0iY0iyW/7A9A/5JgREpkhItm8TlsaZ7GoJBLZm098BNsZMyg4BLyQphaSBi/ZR2oO6pYDLaRDe7N6ZZTWrStjXsK6UD9OZGx2NpeHLlkzLBrx72++J9XT7F92MiESlIExYeL2qmkqGm/PNoSBjjKniOMG+H+SnmXGcbRVVxwJQTjJ/8l1b1y4PjlfunoeFTHHNkgm2SbBOSAHJEzckEqhJNH8kzeyLv35L14H97nMDrhjWbWyS94X9/7mamf</latexit><latexit sha1_base64="V4rHnTTH4GKb060UCETYQ5mB4v8=">AAACL3icbVDLSgMxFM34tr6qLt0EiyCIZUYEXYqCuHChYFuhU0smvW2DmWRI7qhlmD9y46+4EVHErX9h+lho9UDgcM653NwTJVJY9P1Xb2Jyanpmdm6+sLC4tLxSXF2rWp0aDhWupTbXEbMghYIKCpRwnRhgcSShFt2e9P3aHRgrtLrCXgKNmHWUaAvO0EnN4mmYdJlCHWfl/OYgRHjA7BhyukPhZpeGRnS6yIzR9/Sf4LnId2io0iY0iyW/7A9A/5JgREpkhItm8TlsaZ7GoJBLZm098BNsZMyg4BLyQphaSBi/ZR2oO6pYDLaRDe7N6ZZTWrStjXsK6UD9OZGx2NpeHLlkzLBrx72++J9XT7F92MiESlIExYeL2qmkqGm/PNoSBjjKniOMG+H+SnmXGcbRVVxwJQTjJ/8l1b1y4PjlfunoeFTHHNkgm2SbBOSAHJEzckEqhJNH8kzeyLv35L14H97nMDrhjWbWyS94X9/7mamf</latexit><latexit sha1_base64="V4rHnTTH4GKb060UCETYQ5mB4v8=">AAACL3icbVDLSgMxFM34tr6qLt0EiyCIZUYEXYqCuHChYFuhU0smvW2DmWRI7qhlmD9y46+4EVHErX9h+lho9UDgcM653NwTJVJY9P1Xb2Jyanpmdm6+sLC4tLxSXF2rWp0aDhWupTbXEbMghYIKCpRwnRhgcSShFt2e9P3aHRgrtLrCXgKNmHWUaAvO0EnN4mmYdJlCHWfl/OYgRHjA7BhyukPhZpeGRnS6yIzR9/Sf4LnId2io0iY0iyW/7A9A/5JgREpkhItm8TlsaZ7GoJBLZm098BNsZMyg4BLyQphaSBi/ZR2oO6pYDLaRDe7N6ZZTWrStjXsK6UD9OZGx2NpeHLlkzLBrx72++J9XT7F92MiESlIExYeL2qmkqGm/PNoSBjjKniOMG+H+SnmXGcbRVVxwJQTjJ/8l1b1y4PjlfunoeFTHHNkgm2SbBOSAHJEzckEqhJNH8kzeyLv35L14H97nMDrhjWbWyS94X9/7mamf</latexit><latexit sha1_base64="V4rHnTTH4GKb060UCETYQ5mB4v8=">AAACL3icbVDLSgMxFM34tr6qLt0EiyCIZUYEXYqCuHChYFuhU0smvW2DmWRI7qhlmD9y46+4EVHErX9h+lho9UDgcM653NwTJVJY9P1Xb2Jyanpmdm6+sLC4tLxSXF2rWp0aDhWupTbXEbMghYIKCpRwnRhgcSShFt2e9P3aHRgrtLrCXgKNmHWUaAvO0EnN4mmYdJlCHWfl/OYgRHjA7BhyukPhZpeGRnS6yIzR9/Sf4LnId2io0iY0iyW/7A9A/5JgREpkhItm8TlsaZ7GoJBLZm098BNsZMyg4BLyQphaSBi/ZR2oO6pYDLaRDe7N6ZZTWrStjXsK6UD9OZGx2NpeHLlkzLBrx72++J9XT7F92MiESlIExYeL2qmkqGm/PNoSBjjKniOMG+H+SnmXGcbRVVxwJQTjJ/8l1b1y4PjlfunoeFTHHNkgm2SbBOSAHJEzckEqhJNH8kzeyLv35L14H97nMDrhjWbWyS94X9/7mamf</latexit>

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>
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Uncertainty	contributions	to	the	S-factor		

3He(3He,2p)4He 

Uncertainty in the S-Factor is both  
experimental and theoretical in origin. 

Experiment: 
Low rates, noise, electron screening.  

Theory: 
Possible unknown resonances in the 
region require a theory with predictive 
power  
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Zero	Energy	S-Factor	for	7Be(p,γ)8B	
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<latexit sha1_base64="3PGeI8ibsm8ZLyFXrH9hfXEpUGA=">AAACCHicbZC7SgNBFIZnvcZ4i1pauBiECBJ2RUjKEBvLCOYCuTE7OUmGzOwuM2fFsKS08VVsLBSx9RHsfBsnyRaa+MPAx3/O4cz5vVBwjY7zba2srq1vbKa20ts7u3v7mYPDmg4ixaDKAhGohkc1CO5DFTkKaIQKqPQE1L3R9bRevweleeDf4TiEtqQDn/c5o2isbuakU2ghPGBchkkuvGgNqJT0vFNMzEk3k3Xyzkz2MrgJZEmiSjfz1eoFLJLgIxNU66brhNiOqULOBEzSrUhDSNmIDqBp0KcSdDueHTKxz4zTs/uBMs9He+b+noip1HosPdMpKQ71Ym1q/ldrRtgvtmPuhxGCz+aL+pGwMbCnqdg9roChGBugTHHzV5sNqaIMTXZpE4K7ePIy1C7zruHbq2ypnMSRIsfklOSISwqkRG5IhVQJI4/kmbySN+vJerHerY9564qVzByRP7I+fwA15plz</latexit><latexit sha1_base64="3PGeI8ibsm8ZLyFXrH9hfXEpUGA=">AAACCHicbZC7SgNBFIZnvcZ4i1pauBiECBJ2RUjKEBvLCOYCuTE7OUmGzOwuM2fFsKS08VVsLBSx9RHsfBsnyRaa+MPAx3/O4cz5vVBwjY7zba2srq1vbKa20ts7u3v7mYPDmg4ixaDKAhGohkc1CO5DFTkKaIQKqPQE1L3R9bRevweleeDf4TiEtqQDn/c5o2isbuakU2ghPGBchkkuvGgNqJT0vFNMzEk3k3Xyzkz2MrgJZEmiSjfz1eoFLJLgIxNU66brhNiOqULOBEzSrUhDSNmIDqBp0KcSdDueHTKxz4zTs/uBMs9He+b+noip1HosPdMpKQ71Ym1q/ldrRtgvtmPuhxGCz+aL+pGwMbCnqdg9roChGBugTHHzV5sNqaIMTXZpE4K7ePIy1C7zruHbq2ypnMSRIsfklOSISwqkRG5IhVQJI4/kmbySN+vJerHerY9564qVzByRP7I+fwA15plz</latexit><latexit sha1_base64="3PGeI8ibsm8ZLyFXrH9hfXEpUGA=">AAACCHicbZC7SgNBFIZnvcZ4i1pauBiECBJ2RUjKEBvLCOYCuTE7OUmGzOwuM2fFsKS08VVsLBSx9RHsfBsnyRaa+MPAx3/O4cz5vVBwjY7zba2srq1vbKa20ts7u3v7mYPDmg4ixaDKAhGohkc1CO5DFTkKaIQKqPQE1L3R9bRevweleeDf4TiEtqQDn/c5o2isbuakU2ghPGBchkkuvGgNqJT0vFNMzEk3k3Xyzkz2MrgJZEmiSjfz1eoFLJLgIxNU66brhNiOqULOBEzSrUhDSNmIDqBp0KcSdDueHTKxz4zTs/uBMs9He+b+noip1HosPdMpKQ71Ym1q/ldrRtgvtmPuhxGCz+aL+pGwMbCnqdg9roChGBugTHHzV5sNqaIMTXZpE4K7ePIy1C7zruHbq2ypnMSRIsfklOSISwqkRG5IhVQJI4/kmbySN+vJerHerY9564qVzByRP7I+fwA15plz</latexit><latexit sha1_base64="3PGeI8ibsm8ZLyFXrH9hfXEpUGA=">AAACCHicbZC7SgNBFIZnvcZ4i1pauBiECBJ2RUjKEBvLCOYCuTE7OUmGzOwuM2fFsKS08VVsLBSx9RHsfBsnyRaa+MPAx3/O4cz5vVBwjY7zba2srq1vbKa20ts7u3v7mYPDmg4ixaDKAhGohkc1CO5DFTkKaIQKqPQE1L3R9bRevweleeDf4TiEtqQDn/c5o2isbuakU2ghPGBchkkuvGgNqJT0vFNMzEk3k3Xyzkz2MrgJZEmiSjfz1eoFLJLgIxNU66brhNiOqULOBEzSrUhDSNmIDqBp0KcSdDueHTKxz4zTs/uBMs9He+b+noip1HosPdMpKQ71Ym1q/ldrRtgvtmPuhxGCz+aL+pGwMbCnqdg9roChGBugTHHzV5sNqaIMTXZpE4K7ePIy1C7zruHbq2ypnMSRIsfklOSISwqkRG5IhVQJI4/kmbySN+vJerHerY9564qVzByRP7I+fwA15plz</latexit>

Adopted value from: 
Rev. Mod. Phys. 83, 195 
Halo EFT in: 
Phys. Lett. B 751 (2015) 535 

Adopted value error bar 
contributions: 
0.7 eVb (experiment) 
1.4 eVb (theory) 
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The	many-body	problem	with	the	NCSMC	

•  All nucleons are “active” 
 

•  Only input is the interaction 
among nucleons 
 

•  Provides a unified 
description of structure and 
cluster dynamics thus 
enabling calculations of 
dynamical processes, 
reactions 
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Can	we	make	accurate	predictions?		
Nucleon	and	deuterium	elastic	scattering	on	4He	

PRC	90,	061601(R) PRL114, 212502 
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Chiral	EFT	interactions	

§  The interaction depends on few 
parameters. 

§  These are fit to observables of very 
light nuclei. 

§  NN force is well constrained, 
we want to focus on the 3N force 
parameters. 

§  We need to constrain both NN and 
3N parameters for an accurate 
prediction of the 7Be(p,γ)8B rate. 

§  Interactions are further altered to 
make them more well behaved (SRG 
evolution). 

 

 

NN force 3N force 4N force 
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Determining	the	3N	LECs	from	scattering	
observables.	
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G. Hupin, S. Quaglioni, and P. Navratil, 
JPC Conf. Proc. (2015) 

§  The n-α phase shifts are 
particularly sensitive to the 
3N force.  

§  A good place to start in order 
to provide an estimate for the 
uncertainty in the 3N force 
parameters. 

§  Other sources of uncertainty 
in the calculation are 
understood and under 
control. 



11	
LLNL-PRES-759534 

Building	GP	emulators	for	reactions.	

§  Using	the	n-α	calculations,	construct	a	posterior	distribution	for	
3N	force	parameters.	This	posterior	will	encode	all	correlations	
between	parameters.	

§  Use	the	posterior	as	a	prior	to	sample	from	and	perform	
calculations	for	the	7Be(p,γ)8B	reaction	cross	section.		

§  Combine	the	calculations	with	experimental	data	to	arrive	at	a	
final	value	for	the	S-factor.	

§ Work	is	just	starting	so	we	are	very	interested	in	suggestions/
comments.	
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Summary 		

§ We	want	to	look	for	discrepancies	between	theory	and	
observation,	but	this	requires	the	uncertainty	in	our	theory	to	
be	at	least	quantified.	

§  The	3N	component	of	the	interaction	we	use	is	not	very	well	
determined.	

§  Reaction	observables	will	provide	the	constrains	we	need	in	
order	to	produce	an	accurate	estimate	for	the	S-factor.	



Thank you! 


